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1. IhTRODUCTION

1.1 Backrround ,

The importance of a well-designed human-system interface (HSI) to reliable human performanc.,
and nuclear safety is widelj aeowledged. A report of the National Academy of Sciences (Moray &
Huey,1988)indicatsd that on.e of the first insights from studies of the Three Mile Island (TM1) accident
was that errors caux d by opelvors in the control room (CR) are a signi5 cant contributing factor to
nuclear power plant (NPP)incioents and accidents. The errors at TM1 were due to several factors
including a poorly designed CR and inadequate prcwisions for mcaitoring of the basic safety parameters

The Internatforal Nuclear Safety Advisory Group (INSAG,1988) of the
of plant functioning. International Atomic Energy Agency (IAEA)in in.h internationally recognized basic safety principles
indicated that 'one of the most important lessons of abnormal events, ranging from minor incidents toFurther,
serious accidents is that they have so often been the result of incorrect human action.'
' continued h,wledge and understanding of the status of the plant on the part of operating staffis a sital
component of defense in depth.' This conclusion led to the following safety principle that plants should

' Parameters to be monitored in the CR are selected, and their displays are arranged toensure that:
ensure that operators h ve clear and unambiguous indications of the status of plant conditions important
to safety, especially fot the purpose ofidentifying and diagnosing the autometic actuation and operation'

of a safety system or the degradation of defense in depth.'

In the U.S., the Nuclear Regulatory Comn"ssion (NRC) rcviews the human engineering aspects
of CRs to ensure that they are designed to good human factors engineering (HFE) principles and that

In response to the investigations
operator performance and reliability are appropriately upported.
following TMI, the U.S. NRC developed an action plan (U.S. NRC,1980a and 1980b) to address safety-,

significant de6ciencies in commercial NPPs. In addition, a formal human factors program was initiated
in the NRC, With respect to HS1 interface, there were two significant outgrowths of the post TMI
planning. First, all licensees and applicants for commercial NPP operating licenses were required to
conduct a detailed CR design review (DCRDR) and including reviews of remote shutdown pr.nels to
identify and correct hs ' nan factors design de5ciencies. Extensive guidelines, published in NUREG 0700,
' Guidelines for Control Room Design Review (U.S. NRC,1981),were prepared for these evaluations.
Second, all licensees and applicants were required to install a Pisnt Safety Parameters Display System
(SPDS) to aid operators to rapidly and reliably determine the safety status of the plant, something they
were unaole to do during the accident at TMI. The minimum information required was reactivity control,-
reactor core cooling, and heat removal from the primary system, reactor coolant system integrity,
radioactivity control, and containment conditions.-The NRC provided guidance on SPDS design and'

implementation (U.S. NRC,1980c,1981). Analogous requirements for SPDS and human engineering
of CRs were established for new plant designs in 10 CFR 5034. In addition to requiring licensees to

.

conduct DCRDRs and install SPDS consoles, tbc evaluation oflicensecs', compliance regarding these
issues became part of the NRC's Standard Review Plan (SRP)(U.S. NRC,1984), Sections 18.1 and 18.2,
respectively. The SRP describes the review procedures and acceptance criteria that the NRC uses for
each area covered.

The DCRDRs have produced a great deal of information regarding human engineering
deficiencies (HEDs) that existed in NPPs, A recent study by the Electric Power Research Institute
(EPRI) evaluated 25 DCRDRs performed in the 1980s in order to idennfy and categorize the identiSed
problems based upon the categorization scheme provided in NUREG 0700 (Seminara,1988). A total
of 4,345 HEDs were evaluated in the EPRI study and a summary of the HEDs within each category is

It was found that there was a steady increase in the number of HEDs per CRgiven in Table 1.1.

1-1
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reported between 1981 and 1986 as NUREG.0700 became increasingly appi;ed to the DCRDRs. In-

general, the HS1 issues associated with NPPs are broad and cover all aspects of CR design as can be seen
in Table 1.1.

Table 1.1. Suminary of Human Error Deficiencies Found in 25 DCRDRs

AVG.NO,

NUREG 0700 SECTION HEDs PER NPP

641 26
6.1 Workspace

6.2 Communications 160 6

6.3 Annunciators 488 20
.

6.4 Controls 558 22

1085 43
6.5 Displays

_

6.6 Labels 638 26

335 13
6.7 Computer 4

6.8 Panel Layout 328 13

6.9 C/D Integration 112 4

Summary: 4345 174
'

NOTE: From Seminara,1966.

Problems have been reported following Se review of SPDS interfaces as well (Liner, R., and
DeBor, J.,1988). The main purpose of SPDS is to assist operators at detecting, interpreting, and-]tracking process disturbances by providing a concise display of key parameters and an ability to track|
changes. However, poor information displays which confuse or mislead operators have led to poor

,

acceptance of these systems in some plants. l
,

Following the completion of DCRDR and SPDS-related reviews, attenAn was focussed on|

|

research areas for which scientiSc data were insuf5cient to support regulation. One such area was!

-the introduction of advanced, compute $,ased HSI technology which was not utilized in TMI era
' '''**,

' NPPE ' . . ;
i

Advanced, computer-based HS! designs are emergbg in NPPs as a result of several factors.|

(1) incorporation of computer-based systems (such as SPDS), (2) backfitting ofThese include: |
current CRs with new control and display technologies, when existing hardware is no longer |
supported by equipment vendors, and (3) development of advanced CR concepts as part of new
(evolutionary and revolutionary) reactor designs. The Grst two activities result in a hybrid CR
reDecting a mix of conventional and advanced technologies. Advanced CRs will be developed
primarily with advanced instrumentation and controls based upon digital technology and will be
substantially different from conventional and hybrid CRs. These developments may have significant
implications for plant safety in that they will affect the operator's overall role (function) in the

_

system, the method of information presentation, the ways in which the operator interacts with the sys-

;

1-2
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i ly complex.

tem, and the requirements on the operator to understand and supervise an increas ng
system.

To help assure that advanced technology is incorporated in both new and existing CRs in ah t tial

way that emphasizes the potential safety benefits of the technology and minimizes t e po ennegative effects on performance and plant safety, the NRC reviews the design and implementation ofThe
signiScant changes to CRs and reviews the burnan engineering aspects of acw CR designs.
principal guidance (NUREG 0700; U.S. NRC,1981) available to the NRC, however, was developed
more than ten years ago, well prior to these technological changes and was tailored to the technolo-
gies used in ' conventional * CRs. Accordingly, the human factors guidance 1,eeds to be updated to
serve as the basis for NRC review of these advanced designs.

While there is still much to be learned about the effects of advanced technology interfaces on
human performance, there have been m?ny govctnment, and professional groups (e.g., NASA, DoD,
Human Factors Society), which have infriated development of guidelines and evaluation method-
ologies for the incorporation of advanced technology into the HSI. Over the past ten years, the NRC
has sponsored several studies addressing the evaluation of various aspects of advanced CR technolo-
gies (e.g., Gilmore,1985, Rankin et al.,1985; U.S. NRC,1984b). In addition, NRC has been amember of the Halden project which has been very active in the testing and evaluation of computer.
based CR technology and in developing evaluation criteria for such systems (see Kennedy,1989 for

More recently, there has also been considerable activity within the
nuclear industry to develop guidelines and standards for advanced technology interfaces (e.g., IEC,an overview of this work).

1989; EPRI,1990).

Several of the efforts to develop human factors guidance for advanced HSI have been based
on multi. year studies incorporating peer review, While it is recognized that the HS1 requirements in
nuclear power plant CRs are unique in many ways, a critical review and incorporation of relevant

portions of prior (and ongoing) efforts in other fields will maximize the speed of NRC's guidelinedevelopment effort. Such an approach will enable the available resources to be specifically directedl d
toward resolving those issues which are either unique to NPPs or which have not been adequate y a -
dressed by available guidelines and evaluation techniques. Further, there are many similarities
between both advanced CRs and local HSis in NPPs and other advanced workstation applications
such as telecommunications network CRs, space-based workstations, advanced aircraft cockpits, and

"

military " command, control, communications and latelligenec* (C'I) workstations. This trend toward
increasing similarity of command and control complexes for diverse applications has been referred toh b t by digital technology.
.as ' convergent evolution" (Weiner,1988) and is, in part, being broug t a ou

- Thus, while ther'e will remain ma,ny unh tte aspects to NPP operations,. modern approaches to CRl
design share mt'ch in common with design of other types of control complexes, thus providing a
further technoloyf transfer benefit.

1.2 Project Oblective and Overview

The overall purpose of this project is to develop human factors guidelines for the review of
advanced human system interfaces in NPPs. Accordingly, several objectives have been identified:

To develop a general framework (or approach) for the evaluation of advanced HSI
since such evaluations are likely to be influenced by different factors than NRC HSI1.

reviews conducted in conventional control rooms.

|

1-3
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To develop a * Guideline * document to support the review of advanced HSIs based
|

2.
upon accepted human factors engineering principles, standards, and guidance avall-

*

able from within and outside the nuclear energy community. In this document, the
term ' Guideline' (with a capitol"G') refers to the entire document, whue the term
' guideline * refers to the individual guidelines within the document.

To develop an interactive, computer-based document to facilitate guideline access and3.
to provide user aids to support the conduct of reviews.

To perform tests and evaluations of the guideline in order to support its technical4.
validity, scope, content, and functionality.

To identify areas that are important to performing reviews of advanced NPP HSIs for5.
which available guidance is inadequate to support human factors reviews and deselop

.

approaches to closing the " gaps.'

The project has an additional objective to utilize the results of this effort to support6.
the NRC review of advanced control room designs. While this objective has been
accomplished, it will not be discussed in this report due to the proprietary nature of
the material.

De project is composed of five major tasks, each one corresponding to the five objectives
listed above:

Task 1 - General HFE Program Review Model Development*

Task 2 - Guideline Development*

Task 3 Interactive Document Development*

Task 4 - Test, Evaluation, and Guideline Modification*

Task 5 - New Guidance Development*

These general tasks are illustrated at the top of Figure 1.1. In the shaded boxes below, each
-

task is broken into its major subtasks. At present, Tasks 1,2, and 3 are completed and Task 4 is
underway. While some effort toward Task 5 has been accomplished, the main effort will be

_- .

conducted following the completion of Task 4. Figure 1.1 also shows the planned revisions to the
Guideline (shown in the bold outlined boxes). At present the Development Test has been completed
and based upon the results the Guideline has been modified. Rus, Revision 2 of the Guideline is

~ The first draft of the Guideline will be consideredcompleted and appears in Volume 2 of the report.
complete when Revision 3 of the Guideline is accomplished following modifications based upon User
Test and Peer-Review Workshop evaluations.

A brief overview of these tasks follows (a more detailed description of these tasks is
contained in this the remaining sections of this report).

As indicated above, the project is composed of a five primary tasks. The purpose of Task 1 -
General HFE Program Review Model Development was to evaluate the issues that impact the

,

performance of HFE reviews of advanced technology. These issues include specific factors that affect
the NRC regulatory responsibil..y as well as general issues regarding the impet of advanced
technology on operating crew performance in high reliability and complex supervisory control systems.

;
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Based upon a analysis of these issues, a broad evaluation model_was developed to encompass the
issues that were identified. The model is expressed in fairly broad terms and will not be fullyInstead one aspect of the model was selected for detailed development in

*

Task 2 ( Guideline Development)HFE guideline for computer based HSis. As part of Task 2, aguideline development methodology was established and individual guidelines were assembled into an -
developed in this project.

organizational structures and standardized.

In Task 3 Interactive Document Development, the guidelines developed in Task 2 were
assembled into an electronic database and an interacche document was created. The interactive

,

document not only contains the guidelines, it provides reviewer aids to facilitate guideline utilization,
evaluation, and report generation.

In Task 4 - Test, Evaluation, and Guideline Modification, the guideline is being evaluated for
its technical content as well as its user interfaces and functionality. Three different types of
evaluations are being conducted and the Guideline is being modified based upon the test / evaluation

..

results. The guidelines are being tested by the developers (Develcpment Test) and a selected group
of representative users (User Tests). In addition, the Guideline will be evaluated in a peer. reviewill
workshop. Based upon the results of the User Test and Workshop, Revision 3 of the Guideline w
be developed.

Task 5 will addresses new guideline development. Through the development, test and
evaluation activities already accomplished, some gaps and deficiencies in the guidelines have already
been identified. As testing proceeds additional deSciencies will be found. A methodology to address
the development and incorporation of new guidelines in tLe Guideline will be developed.

1.3 Oronization of the Report

Tbc remainder of Volume 1 of the report is generally organized by the Tasks identiGed above
and in Figure 1.1. Section 2 describes the development of a general model for the review of
advanced NPP human factors and the factors and issues which were important in developing theSection 3 -

approach. Developing the details of the entire model was beyond the scope or the project. describes the development methodology of the aspect of the model to be addressed by the remainder
of the project, i.e., HFE guidelines for the review of advanced HSI, and the overall scope of the
guideline development effort. Section 4 describes the development of the interactive document and

-.

its present functions and user interfaces. Section 5 describes the tests and evaluations that have been
performe:I to date. This work is presently underway, so only preliminary information is available.
Task 5 on new guideline development has not fully begun, but some preliminary information of areas
of advanced HSI for which available guidance is weak has been developed and is presented in Section
6. The references are not provided in this draft material.

The Guideline developed thus far is contained in Volume 2 of this report (bound separately).
~

-
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DEVEL.OPMENT OF A GENERAL MODEL FOR THE REVIDV OF2.
ADVANCED REACTOR HFE

Factors AfTectine the Review of Advanced Reactor HFE2.1
|

in order to develop an approach to the review of the human factors engineering of advancedSeveral (
NPPs,it was necessary to consider the factors which can be expected to impact such reviews.
sources of information were reviewed to identify signiScant issues, including:

Current NRC regulations governing the rniew of advanced reactors,*

Research reports and publications on advanced technology being developed for human
*

system interfaces in pro:ess control application,

Information available on advanced NPP control room designs,*

Advanced instrumentation and controls survep conducted for the NRC (Carter and
Urig,1990), the IAEA (Neboyan and Kossilov,1990), and the OECD (Kennedy,1988),

*

General human factors literature on human information processing and the effects of
*

advanced technology on human peiformance, and

Existingifterature on human factors standards and guidelines for advanced HSI.a

Based upon a resiew of the above material, many factors were identified which have implications
for the development of an approach to the review of the human factors engineering of advanced HSI.

regulatory issues (Section 2.1.1), trends in NPP HSisThese factors are organized into four categories:
(Section 2.1.2), human information processing and performance factors (Section 2.1.3), and advanced HS!
guidelines issues (Section 2.1.4). The implications of these factors and issues for the HFE resiew are
summarized in Section 2.1.5.

' ' 2.1.1 Regulatory Considerations

Two factors are considered in this section:

NRC review of standardized plant designs under 10 CFR Part 52,*

Scope of human factors reviews.*

2.1.1.1 NRC Review 9f Standardized Plant Designs Under 10 CFR Part 52

NRC CR reviews have typically been directed toward existing CRs or existing sptems (such as
However, the NRC and the utility industry have embarked on an effort to improve and

standardize future commercial nuclear power plant designs. The NRC has issued 10 CFR 52 titled ''EarlySPDS).

site permits; standard design certiScations; and combined licenses for nuclear power plants," in order to
''

|

encourage standardization and to streamline the licensing process. Nuclear plant designers and vendors
have begun the design of advanced standard plants, which are being submitted to the NRC for review
and approval under Part 52. The General Electric (GE) Advanced BWR and Combustion Engineering
(CE) 80+ are examples of designs undergoing this type of review,

21

.-.



- . ._ - . .- _ - _. . -- - .-

.

.

De licensing process of Part 52 consists of a Final Design Approval by the NRC and the
Advisory Committee for Reactor Safeguards (ACRS) followed by a standard design certification that is

.

Issued as an NRC Rule. This will require formal rule making and include the opportunity for a public
hearing before the Atomic Safety and IJcensing Board (ASLB). The certification, when issued, v'ould
be valid for 15 years (renewable). During its tenure ne;ther the NRC nor the designer can change or
impose new requirements on the standard design certification without a new rule making. Utilities would
have the option of purchasing the standard design and utilizing it as already approved by the NRC.

In order to ensure that a plant, as built, conforms to the standard design certiScation, inspections,d d design

tests, analyses, and acceptance criteria (ITAAC) must be speclSed as part of the stan arcerti5 cation. Then, a utility which is building the plant and the NRC will ensure that the ITAAC are
performed and met.

A utility desiring to license and operate a nuclear power plant under Part $2, will obtain a
Combined Operating License (COL), which authorizes both construction and operation in one step. The -

,

COL applicant may propose a new design or reference an existing standard design certi6 cation.

In order to obtain a standard design certi5 cation under Part $2, a designer must submli a
Standard Safety Analysis Report (SSAR) to the NRC for review. The NRC's review of the SSAR is
issued as a Final Safety Evaluation Report (FSER) which will form the basis for the Final Design'

Approval and the Standard Design Certf5 cation.

One of the major issues to emerge from the initial CR reviews under the certification process
was that detailed HSl design information was not available for staff review as part of the design
certl6 cation evaluation. For cxample, the ABWR contro) room analysis and design efforts have provided
a list of key control room design features characterized at a general level (not a dettiled speci6 cation).
To address the issue oflack of design detall, the NRC has performed the design certification evaluation
based partially on the preliminary design and partially on an implementation process plan which describes
the HFE program elements required to develop the key features into an acceptable detailed design
speciScation. Along with the design and implementation process, NRC will require GE to submit a form
of ITAAC, now called Design Acceptance Criteria (DAC), which will ensure that the design and

-

implementation process is properly executed by the COL applicant. De NRC specified that the design
and implementation process should contain descriptions of sll required human factors activities

-

(elements) that are nemry and suf5cient for the development and implementation of the HSis, itshould also include an identification of predetermined NRC conformance review points, the DAC, and
ITAAC for the conformance reviews.

This process is very different from the typical HSI revien conducted by the NRC. The present|

NRC review criteria presented in the Chapter 18 of the Standard Review Plan (SRP) and in NUREG-
'

0700 provide little infonnation to the reviewer for this type of evaluation. Since the review of a design
and implementation process is unprecedented, the criteria for review are not addressed by current

regulations and guidance documents. HFE reviews of advanced reactors must support the review of HSisthrough the design and implementation design cycle and must be capable of supporting review of
proposed standardized designs, as well as modifications to existing CRs.

2.1.1.2 Scope of Iluman Factors Redews

While the focus of NUREG-0700 reviews was the CR (with reference to remote shutdoni

panels), the NRC has also been evaluating human factors characteristics oflocal paaels in connection
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In addition,,

with Emergency Operating Procedures (EOP) and Appendix R (Safe Shutdown) reviews.d d l

the NRC is currently investigating the safety signi5cance oflocal panels and components an to eve ophuman factors guidance for them (see O'Hara et al.,1990; Ruger et al.,1991). Based on these studies,ll s inside the
the review of advanced NPP human factors should encompass the HSis outside as we a

*

main control room.
;

2.1.2 Trends in Advanud NPP

Te issues are considered in this section:

Diversity of Advanced Reactor Technology*

CR Emlution and Majer Trends in HS! Technology*

|

2.1.2.1 Diversity of Advanced Reactor Technology

The current generation of comrrrrcial NPPs in the U.S., consisting of over 100 plants, is based
upon light water reactor,(LWR) technology. The LWR plants were either boiling water reactors (BWRs)
or pressurized water reactors (PWRs). There were two gas-cooled commercial reactors, Peach Bottom 1
and Port St. Vrain, but these were built in the 1960s and early 1970s and are now shut down.--

Advanced reactors are being developea $ sed upon a broader technology basis, including: Light
Water Reactors (LWRs), Heavy Water Reactou (HWRs), IJguld Metal Reactors (LMRs), and gas-
cooled reactors, such as the modular high temperature gas reactor (MHTGR). Each of these reactorbuilt.

types is envisioned to be a standard plant design from which a number of reactors would beHowever, the diversity of reactor types raises new issues relative to the design and operation of the
reactors. These issues include reactMty control and other reactor physics issues, core thermal hydraulics,
natural cooling of the core, very different safety sptems and safety system control and operation, smaller
plants and multiple units (as many as nine per site), different dominant accident sequences, new hazards
(e.g., sodium water reactions and very high tritium levels), new equipment (liquid sodium pumps, gas
circulators, and " passive * components), and advanced instrumentation and controls.,

-

Thus, as these new reactor types are designed and built, there are new and different systems

behg incorporated and many new features to be addressed both froin a reactor physics and plantOne of the main design objectives of the n-xt generation of reactors is to
engineering standpoint. develop plants which are simpler, safer, and more reliable than the current generation. This objective
is being addressed in several mys. One !mpartant design initiative to improve safety and reliability has
been the move from active saft,ry features toward more passive safety.fcatures, some of which atilize
natural physical processes such as convection flow, radiational cooling, and gravity. If these designs are
successtel, there will be less opportunity for equipment failure or operator error to create hazardous

However, the operator's role in such systems and the means by which the operator will
situations.
monitor and interact with such systems is not fully known.

The 6rst advanced reactors to be proposed are extenQs of current BWR and PWR t:chnology
and may be termed " evolutionary" advanced reactors (GG

1WR and the CE's System 80+ PWR).
'

These plants have incorporated technological improvements cut still rely on primarily active safety
systems. Beyond these are reactor desir utilizing "simpliSed passive" features (such as GE's simpliSedSWR and Westinghouse's AP-600 PWR) which have eliminated active pumps for emergency coolant
injection but still have active components, i.e., valves. These designs use pressurized tanks and gravity
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Ibw to inject the coolant, but they stui require various valves to actively cycle to permli the flows andFurther along the spectrum toward actually passive design are the
.

' revolutionary designs * (such as the PRISM liquid metal reactor and the PIUS LWR)which submergeto depressurire the reactor.
i ling in the

the primary reactor systems in large pools of coolant that can provide natural circulat on cooevent of an accident. The containment systems are also designed to provide natural circulat on coo ni li g .|

h even further
to remove heat generated inside containment during accidents. The PIUS reactor as gone

;

shutdown and J

toward passive design, with the reactor internals directly in contact with the emergencycooling pool and isolatert only via density differences. These density locks are designed to imme
diately |

,

break on any overheating in the core, !

|
These new passive features introduce new and different systems for ope.ators to control, test, and'

h

monittr. They will require different types ofinstrumentation as well. There are questions as to how t eI

reliable functioning of these passive systems can be verified (by the operators) during operation. Also,i h these new passive |
the role of the operator during transients and accidents changes considerably w t
systems. Important questions include:

fHow do operators verify that these systems are ready during normal operation?
*

How can proper operation be confirmed when the systems are called upon?a

What parameters should be monitored?*

What is the proper operator response when the passive systems do not function property?i

.

These will result in different operator roles and tasks, different CRs, and different operator control
interfaces. One implication of this diversity is that a prescriptive approach to interface design based upon
known operator tasks is not acceptable in an NRC guideline which must be capable of enabling reviews
of all acceptable designs and a great variety of operator functional roles in the s) stem.

2.1.2.2 CR Evolution end Major Tn:nds la HSI Technology
.

Several important trends emerged from the review of literature related to developments in
advanced HS! in the nuclear industry. These include:

The greater use of automation and corresponding shift of the operator's role in the
system as monitor, supervisor, and back up to automated systems.

*

Greater centralization of controls and displays into ' compact' digital workstations.
*

Use of large display panels that can be seen from anywhere in tne control room to
'

.

present high level infonnation and critical parameters.

Operators interfacing primarily with a dat.t management system (DMS) with little.

interaction directly with components.-

Use of data integration and graphic displays.
.

a

!

Use of information processing and decision support aidse

I
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With increased application of digital control technology comes an enhanced ability to automate
tasks traditionally performed by an operator, It t generally presumed that automation will enhance
overall system reliability by removing or reducing the need for human action. The operators' interaction
with the sptem is believed to be improved by freeing them from tasks which are routine, tedious,
physically demanding, or difficult. Thus, operators can better concentrate on supervising the overall
performance and safety of the system.

|

The trends toward using a CR composed of a large display panels together with one or more|

' compact," computer-based workstations is characteristic of many new control room designs. The largeoverview display provides information such as high level plant status, key parameter values (such as
SPDS), major alarms, and status ofimportant safety equipment. This display is designed to be seen from
anywhere in the CR. The operator (s) is located at a workstation which serves as the locus of CR

,

opecions. Typically such workstations include elements such as centralized and integrated controls and

displays, color graphics, high levels of data integration, display devices such as CRTs and flat panels, newinput devices such as the mouse and touch screen, multifunction (" soft") controls, workstation flexibility,.

and an emphasis on information management and software interface issues.

There is another trend toward the development of intelligent operator efds based on expert
systems and other arti6cialintelligence. based technologies. These ap;lications include alas for alarm

>

processing, diagnostics, accident management, plant monitoring, and pwt dure trackirt. .in fact, many
of the recently published articles on advances in NPP CR technology specl6cally mdress intelligent
operator aids.

As the features become increasingly applied, an increase in CR types will result beyond the range
with which the industry is presently familiar. CRs can generally be thought of as falling into four groups.
Actually, the four groups re0cct four points along an esciutionary continuum, but for the sake of
discussion, four categories are identl6ed:

Conventional CR - A CR containing anaiog and primaniy hardwired controls (e.g., switches, knobs,
handles) and displays (e.g., gauges, linear scales, indicator lights) typical of NPP CRs circe 1970s.

Hybmf CR A conventional CR which has introduced digital technology for new systems and for
replacement of selected analog systems. Thus, the CR represents a mixture of analog and digital
technology. Increasingly, CRs in U.S. NPPs are evolvina, from conventional to hybrid CR=.

Advanced CR (ACR) - An ACR is based primarily on digital technology and compter based interfaces.Data
Some analog and hardwired interfaces may remain for safety critical or backup functions.
processing functions are avauable to assist the operator with lower-level information processing.
Computer-based decision aids may be avaDable to the operator but will not be in the control loop.

Intelligent CR The generation of CRs to be developed beyond advanced CRs will include various Al and
related capabilities to further automate the operators' supervisory, control, and decision making functions.
Technologies to serve as the foundation for intelligent CRs are being developed and researched in many
countries.'

Related to CR evolution is the wide range of technological approaches to the implementation
of HSI in computer-based CRs. In part, this is due to the tremendous Ocxibility offered by software-;

'

driven interfaces to provide for alternative data display and control. The options for display expand the'

hardware media choices (e.g., computer-driven displays which mimic conventional gauges and meters,.
'

,
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video display units, ano computer-driven large screen displays). Further, the formats in which to display
data are nearly infin!!c (e.g., lists, tables, flow charts, graphs, iconic graphics, speech, etc.). Operator

.

input to the system has seen similar expansion in diversfry including, for example, conventional controls,
miniature controls, keyboards, touch screens, mice, joy sticks, light pens, and voice controls. With the
advent of interactive graphic displays, the traditional distinction between controls s.nd displays becomes
blurred. For example, an operator may open a valvc or start a pump via computer graphic mimic of the
system and touching the icon of the desired component. In addition, data processing and integration are
more significant in advanced CRs providing the operator with higher level displays.

The NRC will need guidance to review new CRs and modifications to existing CRs which reflect
these industry trends.

2.1.3 Advanced Technology and Human Perfonnance

In this sLtion two issues will be considered:
,

The human factors knowledge base to suppon the understanding of the effects of*

advanced technology on human performance, and

The effects of design on human performance and error.*

A summary of the discussion is presented at the end of the section.

2.1.3.1 General State of Knowledge

The introduction of advanced instrumentation and control (I&C) and HSI technology promises
to improve the safe operation of nuclear power plants. The potential advantages of advanced technology
over conventional CR technologies include:

Support for data ecess and presentation, e.g., -*

Rapid, highly reliable, validated data transfer ,
-

Large amounts of data at the operators fingertips-

Precise digital data displays-

Use of color graphic displays to facilitate the operators assimilation ofimportant-

information
.

Support for the operator's processing ofinformation, e.g.,*
-

Data integration providing the operator with high-level, more meaningful-

information
i Parameter trend displays-

Computer based procedures
;

|
-

Decision aids-

Support for process control, e.g.,=
|

Hierarchical levels of controlI

!
-

Use of automation to lower operator workload-

2-6
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Workstation design, e.g.,.

HST in a compact workstation-

Flexibility in control and display operations-

While the use of aihanced technology is generally considered to enhance system performance,

computer-based operator interfaces also h_ ve the potential to negatively impact human performance, spawn new types of human errors, and reduce human reliability (for examples see, Coblentz,1988;
a

Rasmussen, Duncan, and Leplat,1987: and Wiener and Nagel,1989; Woods et al.,1990). There has
been a' great deal of research over the past 20 years attempting identify the causes of error The main
moclusion from the work is that few human errors represent stochastic events. Instead, most human
errors can be explained on the basis of a relatively small numbei of cognitive mechanisms (Reasons,
1988; Rasmussen,1988). Therefore it is important to understrnd how operators perform their tasks from
an information processing point of view and how human information processing relates to HS1 design
and human error. However, since the contributors to unreliability in an advanced CR (such as function
allocation and automation, supenisory control, and human software-computer interaction issues) are
different from those which are familiar contributors to human error in conventional CRs, they are less1990, 1991). Cognitive and human
obvious and generaUy less well understood (O'Hara and Hall,
information processing issues are emerging as more significant than the physical and_ ergonomic
mnsiderations which dominated the design of conventional HS!s. These issues are discussed further in
the next section.

While these issues have been recognized for a long time, their full implication to human
performance and system safety have only recently begun to be addressed in research, and there is not
a long history of practical operational experience to draw upon. Thus, the National Academy of Sciences
has identified areas such as automation, supervisory control, and human ccmputer interface as high
priority research areas for the human factors community in general (Pew et al.,1983) and for the
mmmercial nuclear industry in partictlar (Moray and Huey,1988). Even more recently, issues which
significantly impact the integration of human operators with advanced systems have been identi6ed as
high priority research topics in an effort to support safety improvement in the civilian aviation industry
by the Federal Aviation Administration in their " National Plan for Aviation Human Factors" (FAA,'

1990). The plan represents a major effort involving FAA,- NASA, DOD, and industry,
,

Thus, there isbroad consensus that the knowledge-base for understanding the effects of advanced
HSI technology on human performance and system safety is weak and in need of funher research
(despite the rapidly increasing utilization of these Itchnologies in complex, high reliability systems such
as NPPs and civilian aircraft). While information is sparse, some factors have been identi6ed and these
are summarized in the next section. ,.

2.1.3.2 Design E& cts on-Human Information Processing and Performance

in this section, issues related to the effects of selected design features on human perfonnance
and error are considered. These effects are discussed in terms of human cognitive processes. Therefore,
the discussion is preceded by a brief overview of information processing and human error.

2-7

-- - . . ..- . , . .. . - .



_ _ _ _ . _ . . . _ _ _ __ . _ . - _ . . ___ _ .__ __ __

. -
,

.

f
2.1.3.2.1 Human Infortnation Processing

f
'

;

Human performance theories typicauy consider errors as one indicator of performance along with|

other measures, such as time, accuracy, and workjoad. However, error has special signiScance in the
NPP domain due to its incorporation and quantiScation in risk models. Therefore, within the context
of the present discussion, human errors are distinguished from other aspects of human performance. With
respect to understanding the effects of ACRs on human performance, error, and safety, it is useful toconsider the error event (whether omission or commission) to be the end product of an information pro-
cessing sequence (see Figure 2.1). Den the focus of ACR effects on humta performance can bedirected to both errors themselves (which are infrequently observed in skilled operators) and to the
information processing " precursors * that give rise to them (which are more readily measurable). To
identify the effects of advanced technology on human error and performance it is useful to utilize a
model of information processing with which to interpret the effects. A general model of information
processing is described below.

;
Many models ofinformation processing (JP) have been proposed (e.g., Broadbent,1958; Atkinson

and Shiffrin,1968). These modeL differ in specificity with respect to the aspects of IP they attempt to
explain as well as the type of studies used for validation. A general model frequently used in human
engineering has been proposed by Wickens (1984). It is general in the sense that it borrows features
which are common to many models of human cognition which have good empirical support. Figure 2.2

presents an adaptation of Wickens' model to a supervisory control task. A very brief overview of themodel is provided below in order to identify those aspects of cognition which are important to HSI design;

and evaluation in supervisory control systems (where an automatic control system exerts an in0uence,

{ generally the pr%ary control) on the system).i

The model in Figure 2.2 is simpil6ed and not ab interconnections between model elements are
shown. While the Inodel is organized to depict the flow ofinformation through the system in left to right
fashion, the complex interaction between cognitive elements renders a reading ofinformation Dow from'

'left to right'somewhat arti6cial.

During a typical monitoring task, information about the system is made available to the operator
-

through the HS1 (and through communications) via the operator's sensory organs. Each sense has a
i

short-term storage capability (usually on the c.rder of milliseconds) during which a large quantity of
information is represented. Some of this information is ' perceived' which implies (1) that a stimulus

' "

pattem was associated which a meaningful pattern based upon information stored in the knowledge base
or 'long-term memory * (LTM)(see path from LTM to perception in model) or (2) the stimulus had such
energy ir mse properties (such as very loud noise or very bdght flash) that attentional resources were
drawn to i' through the ' orienting resportse."- The pattern recognition process is quite robust in that to
make a perceptual identi6 cation, a stimulus pattern nad not be an exact match in the knowledge base.
Instead, knowledge is represen'ed in prototypical or schematic form. The speciSc information available
to the operator is evaluated in terms of the probability that it represents'an exemplar of a known pattern
in LTMc The task of panem recognition becomes more difficult when the number of dimensions that
are required to inake the recognition increases.

;

,
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The knowledge base is relatively permanent, has a large capacity, and can process informationi formation is stored in the knowledge base. One of the,

h din panilel. There are many theories as to ow nmost widely held is that inforn,ation is stored in knowledge structures which have traditionally been calle
schemas (Bartlett,1932), and more recently,' frames * (Schank and Abelson,1977). A schema, in its mostclassic sense, is an abstract representation containing the general properties, identifying characteristics,
actions, and rules associated with a groap of related concepts or events (Bartlett,1932). Schemas arei fh
themselves organized by the meaning ascribed to them, and they constitute our understand ng o t e
events that are perceived. Schemas tend to organize actions and behavior through either their direct
activation based upon perceptual data (skill-based action) or through their identi6 cation in theAt the point of correct schema
decision making process (rule- and knowledge based process).
identification and actuation, the operator can be said to understand the situation and its appropriate goal
states. The schema also defines the actions required to achieve the goal state and initiate their execution.

One network of schemas related to skilled behavior is commonly referred to as the * mental
'model' of the operator. It is the group of schemas which define the operators internal representation

of the physical and functional characteristics of the system and its operation. The mental model is built
up through formal education, system specific training, and experience. An accurate mental model is
considered the de6ning characteristic of skilled performance in general (e g., Wickens,1984) and for NPP

operations (e.g., Moray, et al.,1986: Dafnbridge,1986; Rasmussen,1983; Sheridan,1986). The mentalmodelis thought to directly drive skill-based processing, control rule-based activity through the mediation
,

of the operators conscious effort in working memorv, and provide the substantive capability to reasonand predict future plant states required of knowledge-based processing (Rasmussen,1983). Moray (1986)
has argued that a well developed mental model enables the operators performance to become more
"open loop" and thus, system control to become smoother. The mental model allows prediction and
expectancy to guide control responses; however, expectancy can also make the detection of subtle sptem
failures difficuh (Wickens and Kessel,1981). Similarly, Bainbridge (1974) has stated that the operator
of a NPP uses the mental model to predict the near term future state of the plant and then uses this
inference to guide the sampling ofindicators to conSrm the inference.

The mental model is quite complex and contains a vast amount of technical information and
experience, but it is not directly represented in the operators consciousness. This occurs in " working

-

i i king
taemory"(WM)which has a verylimited capacity relative to the knowledge base. Informat on n wor
memory remains for only a brief pen d and is processed serially. An operators current interpretation
of a sptem's status as rcpresented in working memory has been referred to as ' situation awareness" (S A)

, ,

|

(Fraker,1988), SA is the degree of correlation between the operators understanding of the plant's
-

condition and its actual condition at any given point in time. An operator can have a good mental model

(e.g., knowledge of how the plant functions) but poor situation awareness (understanding of its currentstatus). SA has aho been identiSed at an Air Force Symposium as the single most important factor in
improving mission effectiveness (Endsley,1988).

Under normal conditions, monitoring is accomplished by scanning information presented by theJ

HSI and compaGng the information to the mental model. If no discrepancies are identified, monitoring
continues. The operators SA represents the outcome of the comparison represented in WM. SA of
normal conditions is the default condition if no discrepancy to the mental model is detected. For skilled
oper-rors this comparison is relatively effortless and requires little attention. If no deviation from what'

is expected is detected, the operator may not be aware of the comparison process.

Information processing during off-normal conditions is considerably more complex. The first step
in detecting that conditions are not normalis to detect a discrepancy between the mental model of the

2 10
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Information pattern representing normality and the information parten detected on the HSI. In a NPPl
this process is facilitated by the alarm system which directs the operators attention to an off norma
situation.

Monitoring has been described in terms of signal detection theory (SDT) (Green and Swets,1966,
1974). The early stages of the operators detection of alarms and off normal situations are basically
signal detection issue. Process control operators are in a monitoring environment that has been describedin SDT terms as an ' alerted monitor system"(Sorkin et al.,1985 and 1988). Such a system is composed
of an automated monitor and a human monitor. The automated monitor in a NPP is the alarm system
which monitors the system to detect off normal conditions. When a plant parameter excee,J the criterion
of the automated monitor, the human monitor is alerted and must then detect, analyze, and interpret the
signal as a false alarn 7r a true indication of a plant upset. The human monitor can also assess plantBoth the human and

parameters independent from the automated monitor (the ala.m system). automated monitors have their own speci6c signal detection paremeter values for sensitMty (d') and-

response criterion. The response criterion refers to the amount of evidence that is needed before anThis is sometimes referr,4 to as*

operator will conclude that a signalled event is actually present.
' response bias'since it describes an operators degree of conseivatism. Sensitivity refers to the resolution
of the system which determines the case with which signals (represented as a statistical distribution) can
be distinguished from signals and noise (also represented as a distribution).

SDT research has manyimplications for the understanding of how operators process alarm system
data. First, the response criterion is affected by expectancy, i.e., the expected probability that an event.

will occur and the papff structure (the rewards and penalties for making correct and incorrect detections,
respectively). Off normal events in NPPs typically have a low probability of occurring and therefore,
operators have low expectancy concerning their actual occurrence. The low expectancy creates a conniet
between the cost to productivity for falsely taking an action that brings the plant down versus the cost
for failing to take an action when one is warranted. Since in the real-world system disturbances have aUpon
low probability, operators need redundant information to confinn the alarmed condition.
vedfication of several consistent indicators, the operator can accept the alarm information as indicating
an atual off normal condition (as compared with a spurious condition).

.

In general, expectancy reDects ' top-down" processing. Information processing is a synthesis of
both ' top down" and " bottom-up" prow.ssing which occur simultaneously (Neisser,1%9). For example,
during an off normal situation, an operator monitors the HSI and processes data from the interface to
determine what is wrong. This is bottom up processing. At the same time, these data are used to
formulate hypotbs.:s or expectations about the status of the plant. These hypotheses or expectations
serve to structut e the perceptual process and data gathering occurring at lower levels. This is top-down

processing. Both contribute to the operators interpretation of the situation. While the situation remainsnormal, much of the operators information processing occurs " automatically" i.e., with very little
As au off normal situation becomes detected, information processing -

attention and conscious effort.
, becomes mere " controlled." In contrast to automatic informatio1 processing, controlled information

processmg demands a relatively great deal of attentional resources and effort. This is an important
|

i
distinction which is explained below.

Once a situation is detected and perceived -the operator must decide what to do. The operator
.

,

must define a goal state and the transformations required to achieve that state. The goal state may be|

varied, such as to identify the proper procedure, to assess the status of back up systems, or to diagnose
I

a problem (Rasmussen,1981). Decision making is a burden and draws heavily upon WM, the knowledgeInformation in conaicusly manipulated in WM. The ability to ,

base, and attentional resources.
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Data to be

uanipulate information in WM is a direct function of attentional resources available.annipulated may come from sensory input or information recalled from long term memory, or someti d

.ombination of the two. As indicated above, WM has very limited capacity and without sus a neattentional resources (or transfer of the information to LTM), information decays rapidly. To be useful
in decision making,information has to be in WM. Information can be lost due to (1) loss of attentional
resources to keep it active, (2) overload of WMs limited capacity, (3)intenerence from other information
inWM. If g: cater attentional resources are required by the operator to interact with the system,less will
be available for decision making and situation analysis in WM. To increase the capacity of WM,

operators use various memory beuristics such as chunking. Thh, enables operators to organize variousbits of information into higher level meaningful units. Once this is accomplished, the higher level units
;

are stored in WM, not the individual elements. i

ti

For an experienced, wc!1 trained operator, when the HSI can provide information to act vate
appropriate schemas in the operators mental model, the load on WM and attention are greatly reuuced.

,

To the extent that such is not the case or the operator b less experienced, more WM and attention are
'
1

required. Since the processing capacity of WM and attentkmal resources are limited, it will be very
difficult io maintain good SA.

Attention is currently viewed as a finite limited resource that is distributeri across the elements
of cognition associated with perceptual mechanisms, WM, decision meking, and response execution (see
Fi;;ure 3.2). These aspects of cognitbn compete for this limited resource, and any process that requires

'

a high amount of attention will be executed at the expense of other processes. Attention is also generally
associated with the experience of mental effort (Kahneman,1973) and is, therefore, frequently associated
with cognitive workload.

While attention tends to be conceptualized as a single resource (Kahneman,1973), human
performance research on divided attention tasks (where operators perform more than one task at a time)1984,1987). Wickens (1984) has
suggests that this is not the case (Navon and Gopher,1979; Wickens,
proposed a multiple resource model with attentional processing rescarces divided along three dimensions:
(1) Processing Stage, i.e., per:eptual and central processes require different resources than response
processes; (2) Input Modelity, i.e., visual processes require different resources from auditory processes:
and (3) Information Code Type,i.e., spatial and analog mental representations require different resources
from linguistic infonnation. A secondary task competing for the same resources as the primary task will.

be performed less well then one requiring separate resources. .

Secondary task
A secondary task requiring di!Ierent resources will be performed better.

approaches to cognitive workhad assessment, for example, assume that the primary task and the
secondary task draw from the same attentional resources and tnat if the primary task performance is
maintained, the secondary task is performed with the spare attentional processing capacity. The logic
of the secondary task approach is simple. Assume that total capacity is equal to one and that the
operatofs primary task will utilize 'x' amount of the total capacity. The spare capacity (1-x) is left in
reserve and can be applied to the secondary task. The capacity limits of WM can largely be tied to
limitations in attentional resources since it is largely these resources that keep information active in WM.

Research on selective attention (summarized by Moray,1986, and Wickens,1987) suggests the
follow'.ng. First, two tasks competing for the same resources will be performed less weli than if they
required separate resources. Thus, for example, it is easier to drive a car and hold a conversation with
a passenger than it is to drive and manually tune an analog radio. While both involve doing two tasks
simultaneously, the fccmer situation involves less competition for common processing resources than the
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latter, Second, the allocation of attentional resources to sampling data from the environment is guided

by the operator's mental model which contain expectations regarding the ' statistical properties * of theamironment, i.e., c:pected probability and correlation. - Third, as cognhive workload increases, failure
.

detection capability decreases (Ephrath and Young,1981).

During the early stages of an off-normal condition the operator is likely so have poor situation
awareness, i.e., the opern. knows something is wrong but may not know what. The HSI is scanned to
identify a pattern of 1 rms and displays which, as a result of training and experience, match a knownAssuming a successful match is found the activated schema will
failure pattern in the mental model.
provide the operator with the knowledge as to the appropriate course of action and accurate situaticn
awareness is established.

Response execution is the carrying out of actions that were decided upon and guided by either
operating procedures or an operator generated plan to get from the current plant state to the goal state.*

The results of responses are monitored through feedbaci loops, in a slowly responding, supervisory
control system, this is more difficult than in direct, rapid response systems such as aircraft whereIn a NPF, as in other slo 'y responding systems, the
responses can be better guide'd by feedback.
operator's ability to predict future states (* feed forward *) can be more significant in controlling responses
than is feedback.-

Response execution also draws attentional resources and depends on information code types.
When the response demands are incompatible with information code types, operator performance can
be impaired. An good example of this problem comes from research on teierobotics (human control o*
remote manipulator systems). One of the most demanding aspects of telerobot uperation is the simulta-
neous control of manipulator arms and cameras in emironments such as space where the entire system
may be operated by a single person. Efforts have been made to use advances in computcr-based voice
recognition technology to enable operators to control cameras through voice commands rather than
manual operations. The operator can comrol the tr.anipulator arms by hand and cameras by voice; thus,
overall system performance would be irnproved in terms of faster task completion and fewer errors.
However, research has indicated that task time and errors increase when voice operations were

_

introduced (Bejczy et al.,1982: O'Hara,1986; Bierschwale, et al.,1989).,

,

These findings can be understood in terms of two aspects of the multiple resource theory of
Operators cennot make judgementsattention. The first is competition for processing resources.

concerning the spatial displacement of manipuktor arms at the same time as they make judgementsperceptual /cen-
about camera positioning. Both tasks draw on the same cognitive processing resources:
tral processes of visual information requiring spatial / analog mental representations. While it is true that -
the response modality is different, operators perform the tasks serially. .Second, there was also a poor
match between the task demands and the response modality which increased the error rate. Voice
commands are not well suited to continuous spatial control tasks.. Controlling a camera with mice is like
tryi g to tell someone how to tie their shoes - easy to do manually but difficult to do verbally. The
amour * o i uguage required to accurately position cameras was excessive, maldng the response executionr

w high Language is much better suited to discrete rather than continuous control.workloaa

crator tasks should be structured to take into account the cognitive processing resourcesbe
required and to assure that tasks expected to be performed in parallet have minimal competition for

.

common resources. The HSI should support maximum utillution of cognitive processing resources.

2
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2.1.3.2.2 !!uman Error Er.hanisms

As indicated in the beginning of this section, most human errors can be explained on the basis
of a reistively small numbei of cognithe mechanisms (Reasons,1988; Rasmussen,1988).

An

identification of these mechanisms can contribute to specification of design principles that will help
reduce the probabillry of enor and rnake the system more error tolerant.

While error data can be collected in studies evaluating 'he -'rects of }{S1 on operating crew
performance, it is not practical with the context of any one experiment to collect enough data to
confidently estimate long term, low likcllhood errors under the myriad of conditions teptesenting possible
plant conditions.110 wever, the cognitive prerequisites of human error can be measured to determine
whether 1151 design characteristics differ in error ' likelihood.' Noteworthy in the specification of humanTheir work can be
error mechanis ns has been the work of Norman, Rasmussen, and Reasons.
interpreted within the general information processing modei described above.

Norman (1979,1981) classified errors into three categories, based upon the cognitive mechanisms
involved. ' Description errors' result from the operator's t.haracterization of a situation at too high a level
of abstraction. This occurs because it takes less mental effort than constructing a detailed characteriza-

At such a high level of description, the operator may not have enough detail to select thetion.
appropriate actions. Premature diagnosis of a problem is an example of this type of error. De second
type is ' activation * or ' trigger errors,' which occur when an intention leads to the activation of a schema,
but the operator does not keep track of the resulting actions or 'he auton,ated sequence is interrupted
to perform another required action. Failute to restore a valve to its proper position after maintenance
is an example of this type of error. De third type is ' capture errors.' The capture error occurs when
the emironment cues are similar to those associated with a well developed schema and that schema is
inappropriately activated. Equipment or procedural changes in the control room make an operator
susceptible to this type of error, if well . earned responses in the old control room are inappropriate in
the new control room. Also, similarity in the display of information patterns between two plant states
can lead to capture errors.

Like Nonnan, Rasmussen (1988) has noted that errors are a function of the 'cognidve control
of behavior * and further that they are ' manifestations of the efficient human adaptation to sysicm

Four cater-ies of error and their importance in system design have been de0ned. Thecharacteristics.'*

first error category is the ren.it of random human variability.110 wever, these are few in number and
have lower sa'ety sirnMcance because they are single events and not correlated to other methities. TheThis is most important in
second category is '. ors related to inadequate processing resources.
knowb te based proccuing since it is the most resource dependent mode of processing. Ilowever, even
rule bawd aethity requires attettional resources, and when there are not enough resources available,
errors become more probable. Therefge, this category of error is related to workload. Workload's
association wth error has frequently been noted in the error literature (Sheridan,1981; Wickens,1987).
The third catOry of crior is arociated with ints rference between internal control structures or schernas.
Thus, this category 4 similar to the capture errors descrilsed by Nrman.

De final category is related to human learning mechanisms. These re: lect the operators'
adaptation to the system and, Rasmussen argues, probuly no attempt should be made to climinate them.''

instead, liS! design should be made error tolerant,i.e., the s>5 tem should make errors observable so their'

consequences can be mitigated by operator (or system) intervention. The use of human enor models
to design interfaces which minimize certain types of errors and snake the system tolerant to other types
of errors has ocen recommended by several researchers (e.g.,nompson,1981; Rouse,1985; Rouse and

a
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Morris.1987). Rouse and Morris (1987) has argued that ' attempts to eliminate human errors yet retain
innovation are tantamount to trying to obtain cost free benefits, a strategy that is rarely succeasfulin any
endeavor.' Indeed, one of the major purposes for having operators in the system is to respond to

j

unanticipated events through adaptation and innovation.

Reasons (1987 and 1988) has presented a fairly well defined model of human error which, in its
current version, embodies most of the main points of Norman's and Rasmussea's work. The central-

thesis is that error is predictable and based upon a tendency to over utilize cognitive processes which
serve to simplify complex information tasks through the application of previously established heuristics.
Two heurinics (called ' computational primitives') used by operators to retrieve information from the
knowledge base are assumed to exert a strong in0uence on human performance and, therefore, human
errors. They are ' similarity matchlag' and ' frequency gambling.' These heuristics are used because of

the high operator workload that results from the demands on and limitations of WM and when data areinsuf0clent to clearly identify appropriate schemas. Similarity matching reflects the tendency for WM'

to attempt to match a perceived information pattem (such as a pattem of indicators) with an already
existing knowledge structure (schema) in the knowledge base. The operator cognitively tries to estabilsh
a link with a stored knowledge structure since it contains a presiously identified successful action
sequence. This saves the operator the effort of knowledge based reasoning which is resource intensive.
When the perceived information partially activates more than one schema, the discrepancy is resolved
by selection of the schema most frequently used in the past. This is the ' frequency gambling' heuristic.

According to Reasons, these computational primitives give rise to a number of " basic crior(1) similarity bias
tendencies' in human performance which account for most human errors. They are:

-

errors reflecting undue inDuence of sallent features of the current situation (resulting in premature
situation identifjcation) or the Intention / expectation of the operator (resulting in a bias to 'see' only
confirmatory data), (2) frequency bias In ill defined situations, the most frequently performed action
will be selected, (3) bounded rationality the processing limitations of WM cause information to be lost,
(4) imperfect rationality

IP will favor heuristics over knowledge based processing. (5) reluctant

rationality Ip acts to minimize cognith*e effort and straln,(6) incomplete / incorrect knowledge schemas
rarely contain highly accurate modelt of the system.

Reasons has developed a Generic Error Modelling System (GEMS) to account for performance
errors (fully des:ribed in ref.1937 and revised in ref.1988). It need not be detailed here since it is-

structurally similar to the WM and the knowledge base elements of the information processing model
presented earlier, Reasons postulates that the search for problem identification and solution occurs in
parallel between automatic matching in the knowledge base and conscious search in WM The model
varies somewhat based upon problem configuration ~he NPP operator is confronted with what Reasons
refers to as a ' complex multiple. dynamic condpration' which is a situation where the problem
configuration changes as a result of both the operator's actions and the system's own actions which can
come from many different sources and cicate a great deal of variability in the problem. This is the most
dif0 cult problem soMng situation and the one in which the information processing system is most likely
to rely on heuristics. In such a situation,like a NPP emergency, a typical problem soMng sequence
assumes the following structure: (1) initial scanning is initiated by signals from the alarm system and the
operator's attention is split between a variety of data gathering actMties, (2) the operator ' homes in' on

'

a specific group of indicators and makes an initial diagnosis, (3) the operator now structures his
-

attentional rec.ources to seek data con 0rming the hypothesis, and (4) the operator becomes fixated on
the hypothesis and can fall to notice ci,anges in the plant's state or subsequent new developments. The
operator does eventually become aware of subsequent changes, but the process is hampered by focal
attention being directed toward the current hypothesis and the overall processing limitations of WM.

2 15
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The model provided by Reasons accounts for many of the enor tendencies identified ty other
researchers such as ' cognitive tunnel vision' (Sheridan,1981), operator failure to effectively utilin
information atout what has not failed (Rouse,1981), description enots (Norman), capture enors
(Norman), activation (Normanymterference (Rasmunen) errors, and inadequate processing resources
enors (Rasmuuen and Wickens).

In summary, human enors are not typically stochastic but are the tesult of basic characteristics
andlimitations of the human information procening system. Aspects ofinformation proceuing that have
been identified as especially significant to error are attention, WM limitations, situation awareness, and
cognitive workload. Many errots reflect the system's response to high informatiordhlgh complexity
situations which result in high demands on attentional resources and working memory. The information

processing system attempts to handle these high workload situations through the application of heuristics,such as those described ty Norman, Rasmussen, and Reasons. These heuristics reduce overall load on
the IP system but can also lead to error. The 1151 should help prevent heuristic-initiated errors which
often reflect incomplete processing and tunnelvision. For example, operator decision support aidswhich
indicate when (1)' unexpected * cvents (based upon the current pattern) occur, and (2) when ' expected"
events (based upon the current pattern) do not occur, would call the operator's attention to plant
conditions which are likely to be mined due to the information processing bias toward ' capture * enors.

The impUcations of these characteristics of human cognition and enor for advanced 1151 a ~e
discussed in the next section.

2.1.3.2.3 Design Related Factors lar: Scting Perfortnance

in Section 2.13.1 it was stated that the knowledge base pertaining to the effects of advanced
technology on human performance was limited. While this is the case, there have been many issues
identified in the human factors literature. In this section, these issues are considered with respect to the
model of human cognitive processes and enor discussed above. The issues briefly considered are:

Automation and Allocation of Function*

System Complexity and Operator Skills*

Display Design*
.. .

DMS Design and Data Access*

Workstation Flexibility and Interface Management*

blomaljon and Allocation of Function

One of the ma}or trends in ACR design is an increase in automation of tasks traditionally
performed by the operator, increases in automation result in a shift of the operator's function in the
system from that of a direct manual controller to a supervisory controller and system monitor who is
largely removed from direct control. This type of role change is typically viewed as positive from a rell-
ability standpoint, since the human operator is considered one of the more unpredictable components

It is generally presumed that automation will enhance overall system reliability byin the sptem.
removing or reducing the need for human action. The operator's performance in the system is believed
to be imp oved by freeing him from tasks which are routine, tedious, physically demanding, or ditTicult.,

Thus, the operator can better concentrate on supervising the overall performance and safety of the'

system.
,

|
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liowever, functions are often allocated to automated systems based largely on the capabillry of
available technology to reliably and safety execute the function. This allocation of function strategy does
not consider whether a function should be automated with respect to the human operator's ability to
perform as part of the overall system, even though the human factors problems associated with,

automation to been known for some time (Edwards,1977) and the emergence of new types of human
and system errors has been noted (Wiener and Curry,1980). For example, over the past 20 years, thereHowever, it did
has been a great incresse in automation of functions in the cockpits of eMllan aircraft.
not take long for the problems ascociated with automation to become known (Edwards,1977). As more
of the pilot's tasks were automated, new types of human and system errors emerged. Wiener grouped

(1) failures of automatic equipment, such as autopilot; (2) 1

these problems into six categories: automation induced errors compounded by crew error, such as an error oxurring following the crew's'

attempt to reccuer from the failure of an automated system;(3) crew error in the set up of automated
systems, such as keying the wrong information/ data into an automated system, (4) crew action taken in
response to a false alarm, (5) failure of the crew to pay attention to an automatic alarm, and (6) failure^

|

to properly monitor the automated system (Wiener and Curry,1980). With respect to automation in cMI|
aviation, Sexton (1988) observed that if' decisions are automatically made without providing the rationale
to the p!!c,t, the ability to stay ahead of the aircraft is lost. Complacency and inability to take timely and
proper action result.' In general, increases in automation have been associated with loss of operator
vigilance and an increase in vigilance associated human errors (Warm and Parasuraman,1987). Similar
concerns have been raised in the nuclear Industry (IAEA,1991).

The problems with operator intervention in an automated system have been associated with poor
SA ()3bble,1988). Maintaining SA is difficult when the operator is largely removed from the control
loop, i.e., shifting the operator's role from an active, in the loop, manual controller to an out of the loop
supervisor and monitor (Wickens and Kessell,19811 Ephrath and Young,1981).

The shift in roles has other significant effects on the operator as well, such as a shift from high?

physical to high cognitive workload (rather than the expected reduction in overall workload), workload
'

transition effects when the situation shifts from normal to off normal (i.e., going from a low actMty
monitoring period to a highly active, mote uncertain time at the beginning of a process disturbance), and

-

the potential erosion of the skills to perform the task in the event of automated system failure. Since
many advanced NPP designs still require the operator to assume controlin the event of a severe transient,. ,

and to act as the last line of defense, the consequences of poor integration of the operator in the plant
design can be quite serious.

Generally, allocation of system functions should not be based upon technological capabillry alone -
but also on the goal of maintaining the degree of operator involvement in the functions required to
support accurate SA. Toward this end,it has been frequently argued that allocation of function needRather, there are
not be simply a binary process of operator versus automated system selection.
functions where a combination of human and system task allocation best serve the overall productMry
and safety of the system (Piice,1985).

System Complexity and Operator Skills
.

There is a somewhat paradoxical relationship between the skills an operator will require to
successfully understand and supervise a complex, technologically advanced and the day to day monitoring
tasks the operator perforrns in a highly automated plant. Monitoring is typically considered very boring
and not something people do particularly well (e.g., vigilance is difficult to maintain). Yet the skills
required of operators to evaluate the performance of advanced systems, to know the limitations of those

|

!
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systems, and to assume manual control when appropriate, will require very capable individuak ud

.

extensive training. Operators will be required to understand reactor physics and the functic a4 4
system hardware (as they are required to do now). De advanced icactor goal of plant aM .wn
simpil6 cation may help operators in this regard. Howcwr, as plants become increasingly autom;f t ntjl dWgt
inereasingly utilize intelligent systems, operators will ts required to understand the mmp ex an
software routines (in order to be an effective supervisory contrclier). Operator selection consic'erath
and tralning program development will have to reDect these demands. Yet, there is a risk that the
carefully seletted and highly trained operators will be required to perform a toring and monotonous job.

,

Dimlav Desten
.

Human performance and reliabillry are especially inDuenced by the design of the human-
computer interface and the information displays la particular. With respect to mmputer based interfaces,
'even s!!ght changes in both the nature of the information available and the manner in which it is
represented might have serious effects on performance * (Pat.%,1987). Therefore, mmputer based HS1
design requires, to a f ar greater extent than traditional control room designs, the specification of cognitiverequirements and processing resources that the operator must utillze in task performance,i.e., cognithc

De variety of ways that data /information can be processed and displayed is. vast.
Information may be presented in ' processed' form,i.e., raw data parameters are processed and integrated
task analysis.

into a higher level of information, ti.us potentially obscuring their meanicg. Poorly designed displays will
be ignored or, worse, will mislead and/or confuse the operator. Dus the design of the interfaces can
have very signifleant effects on human perfonnance. These types of problems have been observed inrevice of SPDS Interfaces (Liner and DeBor,1986). In some SPDS implementations, poor information
displays have led to poor operator acx:eptance.

DMS Desien and Data Ace.g3 1

Second, the operator typleally has much more information available to him which,if not properly,

organized and presented, can lead to excessively high cognitive workload, or worse, can be overwhelming.
Information in an advanced control room will typically be resident in a " virtual' workspace, rather than
in dedicated spatial locations spread out across control stations. Information is located somewhere in
the computer system but the operator has only a glimpse ofits mntents (through a display device) at any
one time. His is sometimes referred to as the keyhole effect (Woods et al.,1990) A poorly designed,,

interface can make location of information and nadgation through data difficult.

Workstation Fle@ility and Interface ManaremfD1
.

The flexibility o software-driven l'nterial:es oben all s infbrmailon to be displayed in a variety~

of formats and locations. Sometimes this Dexibillry is offered as a positive feature, allowing operatorsHowever, it can also increase the operators workload associated with
to customize the interface.
manapng the interface, which competes with the operatofs primary task of monitoring and supervising
the system for cognitive processing resources. Interface management workload should be minimized in
advanced CRs. Cook et al (1990) found that operators of a computer based surgical operating room
infortnauon system often used the Ocxibillry of an imerface to 'conven the device to a static, spatially
dedicated display."
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2.1.3.3 Suroraary of the Huinan Perfonnance Considerstions
,

While advanced technology may provide the potential to improve operator performance, the
literature indicated that numerous problems have been observed in advanced systems associated with
failure to properly integrate operators into the system and to provide interfaces to the system that
support performance. The major issues include:

Increase in the cognitive workload assodated with infonnation management
Inability to use the type of well learned scanning p:tterns associated with analog displays

*

Dif 5eulty understanding how a complex system works (poor mental model)
*

*

Confusion over the meaning of high level displays
Loss of vigilance and boredom from prolonged monitoring

*

Loss of situation awareness in supervisory control situations
*
*

Workload transition when automated systems faif -

*
.

Loss of skill proficiency
Emergence of heuristics and error mechanisms to cope with an overloaded information

*

*

processing systemIncrease in the secondary task ' interface management' workload with workstation*
DexiHlity which competes with the primary task
Navigation difficulties*

An NRC advanced H51 review guideline should identify these potential problem design features
when they exist

2.1.4 Advanced USI Guldelines issues

Two issues were considered in this section:
|

Hardware vs. Software Interface Review Guideline,
.*

Sultability of Human Factors Engineering Guidelines for Evaluation*

2.1.4.1 Hardware vs. Software Interface Resiew Guideline

NUREG 0700 is primarily concerned with human interfaces for the hardware characteristics of
. conventional CRs. 7)ie, development of guidelines for the review of advanced and primarily computer-

. based, human. system interfaces is not+a-straighjforward ext"ension of,the guidelines applied to more
'

.

conventional interfaces. In a conventional CR, the design of the HS! is readily apparent from the
physicallayout of the controls and displays. In an advanced CR, the physicallayout of the VDUs and
cnmputer input devices is significantly less important than the design of the human software interface;i.e., the information management system and the methods by which information is displayed to the
operator. This information can be displayed in a complex network of thousands of computer displaysand Dexible, operator defined display formats. This difference in focus creates a whole new set of

!

i

problems for the operator (O'Hara and Hall,1990; Woods et al.,1990) and for the reviewer.
I

The difficulty of developing guidelines for human. software interfaces when compared with
human hardware interfaces has been elaborated by Smith (1988). Hardware guidelines are generally
based upon human physiology, e.g., visual acuity, reach envelopes, etc., while software guidelines are
generally based on cognition and information processing. Hardware design is limited by technology while
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software design is mainly limited by human understanding of the tasks to be performed. Software design
is generally very flexible in terms of what and how information is presented while hardware is much less
Dexible. Finally,and perhaps most significant to the roiew of human software interface is that the most
important design features are often hidden (to the iniewer, transparent to the operator)while important
hardware design features are usually readily observable. For example, the observable mmputer display

may be an end product of integration and processing of data into higher level displays (in contrast to thesingle sensor / single display characteristic of conventional CRs). As a result, while hardware guidelines
tend to be relatively clear and specific, software guidelines tend to be stated in more general language.
Thus, the rniew of human software interfaces, one of the most im;urtant aspect of advanced CR design
review, is more complex and difficult than the review of hardware interfaces.

The design of conventional CRs viere cased upon decadesold technology. When NUREG-0700
was developed, the available human factors guidance (such as MIL STD-14728) was long standing and
tested through many years of design experience. Dy contrast, hybrid, advanced, and intelligent CRs are
based upon relatively new technology which is rapidly changiag. Relative to the guidelines available for
NUREG 0700,the guidelines available for advanced techneleg;have a consid:rablyweaker research base
(Smith,1988) and have not been tested and validated through many years of F ~.: application which

Thus, the human factors guidelines ava ' c for the review of,

provides valuable lessons learned. advanced CR technology are less firm and typically stated in far less presortptive terms (pending
specification through research and design crperience). Further, as indicated above, to the extent that
the human software interface is critical to operator performance, the cognitive task requirements become
significant and these are less familiar to designers and roiewers (Karat,1989, Woods et al.,1990).

These characteristics of advanced technology guidelines can make the reviewers' job more
difDcult. A study by Reaux and Williges (1988) compared reviewers' ability to detect guideline violations
in a computer display prototype as a function of guideline wording. concrete vs. abstract. It was found
that almost twice as many concrete guideline violations were detected as mmpared with abstract
guidelines. Further, roiewers were less confident in their evaluations using at stract guidelines. Similarly,
it has been found that abstractly worded guidelines are less utilized by designers (Mosier and Smith,

1985).

2.1.4.2 Sultability of IIFE Guidelines for Evaluation .

Another issue related to the immsture status of advanced technology guidelines is whether
evaluations based only on conformance to human engineering guidelines provides a sufficient basis for

Gould (1988) has indicated that due to the nature of advanced human system interfaces (asreview.
discussed above), a good system cannot be designed by guidelines atene. A similar conclusion resulted
from an effort to evaluate a computer based system using only go.eilnea (Potter et al.,1990). Thus,
ACR evaluations need to be broader and,in teims of final design at least,i clude dynamic testing under
realistic opera'ing conditions.

2.1.5 Iroplications for the Kniew of the Advanced NPP !!FE

The issues discuwd abov- nave implications for the development or c. pproach to the safety
review of the life aspeiu of advdced reactor designs. These implications are summarized below.

The evaluation methodology should provide guidance for reviews to be performed throughout
1.

the design life cycle,i.e., propose & conceptual design to final designs. Important reasons for this
include:
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De need for eriferia for the review of advanced reactor certifications which may provide
matrol room designed only to conceptuallevels of detall,

*

The finding that many significant human factors issues arise early in design, e.g., initial
goals / objectives of the design and allocation of function.

*

Reviews of the final HSis should extend beyond check!!st based, HFE guideline evaluations and
should include validations of the fully integrated system under realistic, dynamic conditions using2.

experienced operators performing the types of tasks the HS! has been design for (including
various types of failures and transient conditions). The reasons for this include:

The state of knowledge mncerning the effects of actvanced technology on human
performance is limited, therefore, the technical basis on which to develop valid HSI

.

*

design review guidelines is limited.

Studies have shown that a mmparison of a final design against HFE guidelines is
necessary but not sufficient to ensure a safe, acceptable design.

*

The evaluation methodology will be used for reviews of advanced technology retrofits to existing
3.

plants as well as new HS! design concepts.

The evaluation methodology will have to provide for the review of a broad range of CR 'lypes"
and the diversity of approaches to advanced HS! technology. The Guideline should focus heavily4.

on human software interface since this is where some of the most significant human performance
issues reside and this is where NRC review guidance is most deficient.

Violations of human software guidelines have been found tc oc more dlflicult to detect than
violations of hardware guidelines. This places greater burden on the judgement of the reviewer

S,

and the reviewer's ability to adapt and interpret the guidelines in the context of a particular
review. Thus, for the near term, HS! reviews of advanced systems will have to be performed by

,

experienced human factors evaluations. Reasons for this include:
,

Available human factors guidelines f ar advanced HSI technology are relatively general
and more abstract in comparison to guidelines for conventional technology.

*

Since the Guideline should be capable of addressing the wide variety of reactor designs
*

and the diversity of operator tasks that result, it cannot be prescriptive concerning the
.

design of HSIs developed to support those tasks. ,

2.2 Advanced NPP ITFE Review Model

21.1 Rationale and Oveniew

General Rationsit

The imp!! cations from the examination of the factors and issues impacting advanced NPP reviews
lead to the conclusion that reviews of HS! will have to be broader than those traditionally conducted byd
the NRC. Therefore, a fairly broad review model will be required to achieve a safety finding with regar
to advanced HSI.
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The philosophy adopted for the purposes of this cifort was that evaluating the safety of NPP HSis
is a relative assessment. nat is,' safety'is a abstract concept that can only be assessed in relative terms.
When reviewing a design in order to make a safety assessment, evidence is mllected and weighted
towards or against an acceptable finding. With respect to the advanced }{Si evaluations, different types

Like any 'rneasurement' process, each type of data has its overall
.

'

of evidence can be collected.correlation with safety and each has its strengths and weaknesses. The reviewer would like to collect as

much data as possible in order to get a better picture of the ' common factor variance *; i.e., to see if aconsistent finding emerges across different types of data, each subject to its own sources of bias and
error, ne types of information that can prcnide panial assessments of HSI safety include:

life Planning (including an HFE team, program plans and procedures),
Design analyses and studies (including requirements / function / task analyses, technology

*
*

assessments, trade off studies, etc.),

Design compliance with respect to accepted HFE guidelines, andPerformance on the integrated system with operators performig the required tasks*
*

under actual (or simulated) conditions.

The four categories of "safet>' evidence all have their strengths and weaknesses although they

are probably listed in an order of increasing correlation with safery,i.e., greater reliance on full missiontesting will be made when compared with the make up of an }{FE Design team and program plan. It
is tempting to view the fourth category as definitive, but it is also subject to etTor Typically full missionevaluations cannot test all possible conditions of HSI usage and they will generally be performed using
a simulator (since actual plants cannot be subject to the failures and transients for which the HSis are
mainly needed for to achieve their safety function)which create a somewhat anl0cial condition that can
modify crew responses. Thus, the reviewer must infer the safety of a design from a variety of different
pieces of evidence, each with their own bias and sources of error.

The greatest confidence in a finding that a design is ' safe' can b placed in one which was (1)
developed by a quallued IIFE design team including all the skills required using an acceptable HFE
progrart plan: (2) the result of appropriate HFE studies and analyses during the design development;
p) in compliance w;th accepted HFE standards and guidelines and which justified exceptions, and (4)
validated in full mission testing.

Oveniew

The scope of the general HFE Program B view Model was limited to HSis including humans
interfaces with hardware, software, and procedures. Training and personnel qualifications were not
considered as part of this model development. The first step in formulating the review and evaluation
process was to identify which aspects of the IISI design process are required to assure that safety goals
are achieved and to ideutify the general review criteria by which each element can be assessed. Review
criteria are required to assure that the design reflects currently acceptable human factors engineering
practices. Thus, a technical basis for review of a design process was developed and is described in this
section. The speciSc objectives of this effort were:

To develop HFE program review model to serve as a technical basis for the review of the
1.

development and design of ACRs. The model requirements were that it be: (1) based voon,

currently accepted practices, (2) well deGned, and Q) validated through experience with the
development of complex, high reliability systems.
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To identify the HFE elements in a syctem development, design, and evaluation process that areneceswy and suf0clent requisites to successful integration of the human component in complex2.

systems.

To identify which aspects of each HFE element are key to a safety review and are requires to
3.

monitor the process.

To identify the types of acceptance criteria that would have to be developed tbr each HFE
4.

element in order that it can be evaluate 1
,

2.2.2 Development Method

A technical review of current HFE guidance and practices was conducted to identify important
human factors program plan elements relevant to a desfgn process review. Sources reviewed included

a wide range of nuclear indr e~ and non. nuclear Industry documents, including those currently underdevelopment as part of the Department of Defense (DoD) MANPRINT program (Booher,1990, DoD,
-

1989; DoD,1990s). From this review a generic system development, design, and evaluation process wudefined. Once speciSed, key HFE elements were identified, gen:tal criteria by which they are assessed
(based upon a review of entrent literature and accepted practices in the field of human factors engiecer.
ing) were developed.

The generic HFE Program Review Modelwas developed based largely on applied general systemsWoodson,1981) and the
theory (Ba!!ey,1982; DeGreen,1970; Gagne, et al.,1988; VanCott et al.,1
Department of Defense (DoD) system development process which is rooted is systems theoty DoD,
1979a; DoD,1990b; Kockler et al.,1990). Other DoD documents were utilized as well (DoD 1979b;
DoD 1981; DoD 1983; DoD 1985; DoD 1986; DoD 1989a; DoD 1999b; DoD 1991a; DoD 1991b; DoD
1991c).

Applied general systems theory provides a broad approach to system design and development,
based on a series of clearly defined developmental steps, each with clearly deSr4cd and goals, and with

,

specifk mtnagement pros ues to ottain them. System engineering has been defined as '...the manage-ment function which contiols the total system development effort for the putpose of achieving an
optimum balance of all system elements. It is a process which transforms an operational need into a
description of system parameters and Integrates those parameters to optiml:e the overall system
e(Tectiveness" (Kockler et al.,1990).

Utilization of the DoD system development as an input to the development of the Generic HFE
Program Modelwas based on several fsetors. DoD policy identifies the human as a specific element of
the total system (DoD,1990s). A system approach imp!1es that all system mmponents (hardware,
software, personnel, support, precedures, and training) are given adequate consideration in the
developmental process. A basic assumption is that the personnel element receives serious consideration
from the very beginning of the design process. In add: tion, the military has applied HFE for the longen
period of time (as compared with industrial / commercial system developers), thus the process is more
highly emlved and formalized rond represents the most highly developed model available. Finally, since
military system development and acquisition is tightly regulated by federal, DoD, and military branchlaws, regulations, requirements, and standards, the model provides the most Snely grained, specifically

-

de5ned HFE process available.
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Within the DoD sptem,the development of a comples system beginswith the mission or purpose
of the system, and the capabi!Jty requirements needed to satisfy mission objectives. Systems engineering
is essential in the cattlest planning period to develop the system concept and to define the system
requirements. During the detailed design of the system, sptems engineering assures:

belanced inDuence of all required design specialties,*
resolution of interface problems,e

the effective conduct of trade off analpes,*
the effective conduct of design reviews, ande

the verl0 cation of system performance.*

The effective int yation ofliFE mnsiderations into the design is accornplished by: (1) providing
a structured top down yprech to system development which is iterative, integtative, interdisciplinary
and requirements driven and (2) providing a man * gement structure which detalls the life considerations
in each step of the overall process. A structured top down approach to NPP llFE is consistent with the
approach to new control room design as described in Appendix B of NUREG 0700 (U.S. NRC,1981)
and the more recent international standard, IEC 964 (IEC,1989) for advanced control room design. The
approach is also consistent with the recognhlon that human factors issues and problems emerge
throughout the NPP design and evaluation process and therefore, human factors issues are best addressed
with a comprehensive top-down program.-

The sptems engineering approach was expanded to develop a life Program Review Model to
,

be used for the ACR design and irnplementation procen review by the incorporation of NRC llFE
requirements.

2.23 General Model Description

in this section sn overview of the model is presented to generally describe the life elements,
products reviewed for each element, and the acceptance criteria used to evaluate the element. A more
detailed description of the elements are presented in O'liara and liiggins,1992).

The model is intended as the programmatic approach to achieving a design commitment to 11FE.
The overall commitment and scope of the life cffort can be stated as follows: lluman system interfaces.

(11S1) should be provided for the operation, maintenance, test, and inspection of the NPP that reflect
' state of the art human f actors principles"(10 CFR 5034(f)(2)(lli)) as required by 10 CFR 52.47(a)(1)(ll).
For the purposes of model development " state of the art' human factors principles was dc6ned as those
principles currently accepted by human factors practitioners. ' Current' is denned with reference to the
time at whkh an llSI is developed. ' Accepted * ls defined as a practice, method, or guide which is (1)
documented in the human factors literature within a standard or guidance document that has undergone
a peer review process, and/or (2) Justl6ed thrciugh scientific / industry research practices.

The model developed to achieve this commitment contains eight elements divided into four
review stages:

life Plan _ pine Review

Element 1 - llumen Factors Engineering Program Management*
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Analnis Results Resiew
.

Element 2 Operating Experience Review*
Element 3 System Functional Recuirements Analysis*
Element 4. Allocation of Function*
Element 5 Tok Analysis*

Deslen Development Resiew

Element 6 Human. system interface Designe
Element 7 Plant and Emergency Operating Procedure Development*

Verlucation and Velidation
.

Element 8. Iluman Factors Veri 6 cation and Validation.*

The elements and their interrelationships are !!!ustrated in Figure 2.3. Also illustrated are the
minimal set ofitems submitted to the NRC for review of the developers' HFE efforts. The materials .
reviewed at each stage are shown in Figure 2.4 (either an Implementation Plan, Analysis Report, and
HFE Design Team Review Report). Each e!! ment contains an element objective and the factors that

More detailed acceptance criteria have been described
,

must be considered in the review process.
elsewhere (O'11 ara and Higgins,1992).

A brief description of each element follows.

2.2.4 Review Elements

2.2.4.1 Element 1 Iluman Factors Engineering Program Management

As stated above, this element reDects the general design commitment: Human. system interfaces
.

(HSI) should be provided for the operation, maintenance, test, and inspection of the HSI that reDect
* state-of.the. art human factors principles" (10 CFR 50.34(f)(2)(Ill)) as requited by 10 CFR 52.47(a)(1)(li).
All aspects of HSI should be developed, designed, and evaluated based upon a structured top-down

*

system analysis using accepted human factors engineering (HFE) principles based upon current HFE
practices. HS! is used here in the broad sense and should include all operations, maintenance, test, and
inspection interfaces, procedures, and training needs of the main control room and remnte shutdown
system functions and equipment.

To assure the integation of HFE into system development and th'e achievement of the goals of
the HFE program, an HFE Design Team and an HFE Propam Plan should be estaMished to assure the
proper development, execution, oversight, and documentation of the program. As part of the program
plan an HFE issues tracking system (to document and track HFE related probleas/ concerns / issues and
their solutions throughout the HFE program) should be established.

Considerations for the review of this element include (organized by the topics to which the

!
considerations apply: General, HFE Team, Issue Tracking System, and HFE Program plan):

i
|
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GenerM

The primary goal of the lilt program should be to developing an 1151 which makes possible
safe, efficient, and reliable operator performance and which satisfy all regulatory requirements.1.

The general objectives of this program should include the high level cognitive goals ( ident! Sed
,

*

in Section 3 of this report) which, as the 11FE program develops, should be objectively defined
and should serve as criteria for test and evaluation actMties.,

11FE Team

An life Design Team should have the responsibility, authority and placement within the1.
organization (as defined below) to ensure that the design commitment is achieved.

The team should be responsible for (1) the development of all11FE plans and procedurett (2)
the oversight and review of all life design, development, test, and evaluation actMiler, r3) the

2.

initiation, recommendation, and provision of solutions through designated channels for problems
identified in the implernentation of the HFE actMiles; (4) verification ofimplementation of team
ecommendations (5) assurance that allliFE actMties comply to the life plans and procedures,i

!
and (7) scheduling of actMties and milestones.

The Team should have the authority and organizational freedom to ersure that all its areas of3.
responsibility are accomplished and to (Jentify problems in the implementation of the 1151
design. The team should have the authority to determine where its input is required, access work
areas, design documentation. The Team should have the authority to control further processing,
delivery, installation or use of HFE/HS! products until the disposition of a non conformance,
deficiency or unsatisfactory condition has been achieved.

The LIFE Team should be placed at the level in the organization required to execute its4.
responsibilities ano authorities. The team should report to a level of management such that
required authodty and organizational freedom are provided, including sufficient independence
from cost and schedule considerations.

5. The life design team should include the following expertise:- * *

Technical Project Management*

Systems Engineering*

Nuclear Engineering*

Control and Instrumentation Engineering.

Architect Engineering=

* Human Factors
Plant Operations* '

.
Computer Systems Engineering*
Plant Procedure Development*

Personnel Training*

Safety Engineering* *

Reliability / Availability / Maintainability /Inspectability (RAMI) Engineering*
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11FE Issue Tackinc System

The tracking system should address human factors issues that are (1) known to the industry (such
as TMI related liF issues and other NRC, industry and generic human factors issues), (2)1.

identified in the operating experience review (see Element 2), and (3) these identlSed throughout
,

the iffe cycle of the system design, development and evaluation.

The method should document and track human factors engineering issues and concerns, from
2.

identification until cilmination or reduction to a level acceptable to the review team.

Each issue / concern that meets or exceeds the threshold effects established by the review team
should be entered on the log when first identified, and each action '.aken to climinate or reduce3.

the issue / concern should be thoroughly documented. The final resolution of the issue / concern,
as accepted by the review team, should be documented in detail, along with information-

regarding review team acceptance (e.g., person accepting, date, etc.)
individual- responsibilities when an

The tracking procedures should carefully spell out
issue / concern is identided, identify who should log it, who is responsible for tracking the

4.

resolution efforts, who is responsible for acceptance of a resolution, and who should entes
closcout data.

11E Procram and Man cement Plan

An life Program Management plan should be developed to describe how the human factors
program should be accomplished, i.e., the plan should describe the }{FE Team's organization and

1.

composition and which lap out tne effort to be undertaken and provides a technical approach,
and management control structure and technical interfaces to achieve the 11FEschedule,

program objectives. The plan is the single document which describes the designer's entire life
program, identlSes its elements, and explains how the elements will be managed. Generally, it

.

should address-

De scope of the life Design Team's authority within the broader scope of the
organization respunsible for plant construction. Included within this scope should be the

*
_- , e

authority to suspend from delhery, installation, or operation any equipment which is
determined by the Team to be deficient in regard to established human factors design
practices and evaluation criteria.

De process through which the Team will execute its responsibilities.
.

*

De processes through which findings of the Team are resolved and how equipment
design changes that may be necessary for resolution are incorporated into the actual

*

equipment ultimately used in the plant.

The qualifications of the team members.*
.

De process through which the Team activities will be assigned to individual team
members, the responsibil! tics of each team member and the procedures that will govern

*

the internal management of the team.
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The procedures and documentation requirements of the llFE issues Tracking System.

2.2.4.2 Dement 2. Operating TWrience Review

The accident at Three Mile Island in 1979 and other reactor incidents have illustrated significant
-

problems in the actual design and the design philosophy of NpP !! Sis. There have been rnany studies
as a result of these accidents'incidentt Utilities have implemented both NRC mandated changes and

liowever, the changes were formed based on theadditional improvements on their own initiative,
constraints associated with backfits to existing control rooms (CRs) using early 19S0s technology stich
limited the scope of corrective actions that might have been considered, i.e., more effective fixes could
be used in the case of a designing a new CR with the modern technology typical of advanced CRs.
Problems and issues encountered in similar systems of previous designs should be identified and analyzed
so that they are avoided in the development of the current system or,in the case of positive features,
to ensure their retention.

_

Considerations for the roiew of this element include:

Problems and issues encountered in similar systems of prnious designs should be identlGed and1.

analped:

11uman performance issues, problems and sources of human error should be
,

e

ident10:d.

Design elements which support and enhance human performance should be*

identified.

The review should include both a review ofliterature penalning the human factors luues related1
to similar systems and operator inteniews.

The following sources both industry wide and plant or subsystem relevant should be investigated3.
at a minimum:

Government and industry Studies of Similar Systems" ;
e

Licensee Event Reportse

Outage Analysis Reports*
Final Safety Analysis Reports and Safety Evaluation Reportse

lluman Engineering DcQcirncies identlGed inDCRDRse-
Modifications of the Technica!'Splei6 cations for ONration' e'

Internal Memoranda / Reports as Available*

4. The following topics should be included in inteniews as a minimum:

Screen Design issues*

Data Presentation Formats*

Data Entry and Control Requirements*

Situational Awareness, Workload, and Vigilance issuese

Communicationse

Procedurese

Job Design*

2 30
,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ . _ _



_ __ _ ._ - . _ . _ _ _ . _ _ _ _ . __ _ _ _ _ _ _ _ _ _ . -.

n

1.2 4.3 Liment 3. Sptem Functional Requittments Analysis
,

System requirements should be analyzed to identify those functions which must be performed to
System function analysis should: (1) octermine the

sailsfy the objectives of each functional area.
objective, performance requirements, and constraints of the design; and (2) establish the functions which
must be accomplished to meet the objectives and required performance.

Considerations for the review of this element include:

System requiremenu should determine system functions and the function should determine the1.
performance necessary to carry out its objective. i

Critical functions should be defined (i.e., those functions required to achieve major system
performance requirements; or those functions which, if failed, could degrade system or

2.

equipment performance or pose a safety hazard to plant personnel or to sue gencrat public)
-

I

Safety functions should be identlSed and any functionalinterrelationship with non safety systems3.
should be identiDed.

Functions should be deSned as the most general, yet differentiable means whereby the system'

requirements are met, discharged, or satisfied. Functions should be arranged in a logical
4.

sequence so that any speclSed operational usage of'he sptem can be traced to an end to end -
peth.

Function diagramming should be done at several levels, starting at a * top level' where a very'

gross picture of major functions is described, and continumg to decompose major functions to
5.

several lower levels untu a speciSc critica) end item requirement w'!! cmerge, e.g., a piece of
equipment, software, or .m operator.

Detailed narrative descriptions should be developed for each of the identi6ed functior,s and for,

the cerall system con 5guration design itself. Eact ftmetion should be. identiSed atd descritied
6.

(observable parameters which will indicate system status), fun:tionalin terms of inputs
pro':essing (control proces and performance measures tequlred to achieve the function) outputs,

"

feedback (how to determine correct discharge nf function), and interface rquirements from the
top cown so that subfunctions are recognized as part of larger functional areas.

, "

7. Fu'nctional'operationor activities could include: - .-

detecting signalse

measuring informationa

compating one measurement with ancthere ,

processing informatione

acting upon decisions to produce a desired condition or result on the system ore

environment (e.g., .ystem and component operation, actuation and trips)

The function analysis should be kept Nient over the life cycle of design development.8.

Evaluation of the analysis should be pedormed to assure that:9.

L31

.

,- , , , - ,, n- - , , . ,,,-a. , ,.n.-. ,-.g-- - ., o.,,- .m.r. - , _ , - - . - - - -- ., ,- ., -



_____ __ - _ - __ - _____- _ - __ _ ____ - _ - - -

-
.

I U

All the functions necessary for the achievement of operational and safety goals are'

.

identlued. e

All require:nents of er.ch function are identitled.
:.

2.1.4.4 Eternent 4. Allocation of Function

'The allocation of functions should take advantage of human strengths and aw|ds allocating
,

functions which would be impacted try humar limitations. To assure that the allocation of function isconducted I.ccording to accepted HFE principia, a '.tructured and well documented methodology of
allocating functions to personnel, system elements, and personnel. system combinations should be
developed.

Considerations for the review of this element include:

All aspects of system and functions deunition must be analyzed in terms of resulting human1.
performance requirements based on the expected user nopulation.

The allocation of functions to_ personnel, system elements, and personnel system combinations
should be made reDedt (1) sensitivity, precision, time, and safety requirements, (2) required2.

reliability of system performance, and (3) the number and level of skills of personnel required -
to operate and maintain the system. "

The allocation criteria, rational, analyses, and procedures should be documented.3.

As alternative allocation concepts are developed, analyses and trade off studies should be
conducted to determine optimum configurations of personnel, and system. performed functions.4.

Analyscs should confirm that the personnel elements can properly perform tasks allocated to
them while maintaining operator situation awareness, workload, and vigilance. Proposed function
assignment should take the maximum advantage of the capabilities of human and machine
without imposing unfavorable tequiremcats on either,

Functions should be re allocated in an iterative manner, in response to developing design5.

.

speelnes and the outcomes of on-going analyses and trade studies.
.

6. Function assignment should be evaluated.

2.2.05 Element 5. Task Analysis

Task analysis should provide the systematic study of the behavioral requirements of the tasks the
personnel subsystem is required to perform in order to achieve the functions allocated to them. The task
analysis should:

form the basis for specifying the requirements for the cisplays, data processing ande

controls n:eded to carry cut tasks,

provide one of the bases for making design dedslons; e.g., determining before hardware
fabrication, to the extent practicab4 whether system performance requirements can be

e

met by combinations of snticipated equipment, software, and personnel,

G
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assure that human performance requirements do not exceed human capab!!! tic:,
e

be used as basic information for developing procedurer, ande

be used as basic information for developing manning, skill, training, and communicationl'

*
requirements of the system.

Considerations for the review of this element include:

The smpe of the task analysis should include all operations, maintenance, test and inspection
tasks. The analyses should be directed to the fult range cf plant operating modes, including start-1.

up, normal operations, abnormal operations, transient conditions, low power and shutdownconditions. Tia analyses should 5clude tasks performed in 'ihe control room at well as outside
.

of the control room.

*ne analysis should link the identi$ed and ducribed tasks in operational sequence diagrams.
A review of the description: and operational sequence diagrams should identify which tasks can2.

be considered * critical" in terms of importance for function achievement, potential for liuman
error, and impact of task failure. Human actions which are fo".id to affect plant risk in PRA
sensitivity analyses should also be considered "crillcalf Whe9 critical functions are automated,
th.: analyses should mnsider all human tasks including mon'.oring of an automated safety system'

>

and back-up actions if it fails.

Task analysis should begin on a gross level and involve the development of detailed narrative
descriptions of what personnel must do. Task analyses should define the nature of the input,3.

process, and output required by and of per>onnel. Detailed task descriptions should address (as
appropriate):

Information Requirements* .

Infortnation rLquired, including cues for task initiation --

Information available-

DecisionMaking Requirementse

Description of the decistorrs to be made (relative, absolute, probabilistic)-

Evaluations to be performed
Decisions that are probable based on the evaluation (opportunities for cognitive

-

errors, such as capture error, will be identiSed tad carefully analyzed)
.

-

Response Requirements*

Action to be taken
Overlap of task requirements (serial vs. parallel task elements)

-

-

Frequency-

Speed / Time line requirements-

Tolerance /accuncy-

Operational limits of personnel performance-
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Operationallimits of machins and software-

Ibdy movements required by action taken-

Feedback slequirements* r

Fiedback required to indicate adequcey of actions taken-

;

Work!(ad*

Cognitive-

Physical-

Estimation of dl!ficultylevel-

Task Support Requirements*c

Special' protective clothing-

Job tids or teference materials required-

Tools and equipment required-

Computer processing support aids-

Workplace Factors*

Workspace envelope required by action taken-

Worksphee conditions-

Locat'on and condition of the work-

Emironment-

Staffing and Communicatlan Requirements*

number of perEnnel, their technical specialty, and specific skills-

Communications required, including type-

Personnel interaction when more than one person is involved-

Ilazard identl0 cation*

Identliication of Hazards involved-

De task analysis should be iterative and become progressively more detailed over the design4.
The task analysis should be detailed enough to identify information and controlcycle. data

requirements to enable specification of detailed requirements for alarms, displays,
processing, and controls for human task accomp!!shment.

Tbc task analysis results should provide input to the personnel training programs.5.
.

2.2.4.6 Element 6 Iluman Sptem it.terface Dealsn

Human engineering principles and criteria should be applied along with all other design
requirements to identify, xtect, and design the particular equipment to be operated / maintained / controlled
by plant personnel.
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Considerations for the review of this element ineWe:
,

De design configuration should satisfy the functional and technical design requirements and
insure that the HSl will meet the appropriate HFE guidance and criteria.1.

The HFE cffon should be applied to HS! both inside and outside of the control room (local
2.

HSI).
t the HSI.

HS! design should utilfre the results of the task analysis to assure the adequa3.

The HS! and working environment should be adequate for the human performance :equirements
it suppons. The HS1 should be capable of supporting critical operations under the worst credible4.

environmental conditions. *

The HSI should be free of elements which are rot required for the accomplishment of any task.
5.

The selection and design of HSI hardware and software approaches should be based upon
demonstrated criteria that support the achievement of human task performance requirements.&

Criteria can be based upon test results, demonstrated experience, and trade studies ofidentified
options.

HFE standards should be employed in HS! selection and design. Human engineering guidance
regarding the design particulars should be developed by the HS! designer to (1) insure that the7.

human system interfaces are designed to currently accepted HFE guidelines and (2) insure
proper consideration of human capabilities and limitations in the developing system. This
guidance should be dertved from sources such as expert judgement, design guidelines andstandards, and quantitative (e.g., anthropometric) and qualitative (e.g., relative effectiveness of
differing types of displays for different conditions) data. Procedures should be employed to.

ensure HS! adherence with the developed design standards.

HFE/HS! problems shoulu %- 'esoked using studies, experiments, and laboratory tests, e.g.,8.

Mockup and models may be used to resolve access, workspace and related HFE
problems and incorporating these solutions into system design

*

Dynamic simulation and HS! prototypes should be evaluated for use to evaluate design*

details of equipment requiring critient human performance

The rationale for selection of design / evaluation tools should be documented*

HFE should be applied to the design of equipment and software for maintainability, testing and
9.

inspec:fon.

2 2.4.7 Element 7. Plant and Ememacy Operating Procedure Developreent
.

Plant and Emergency Operating Procedures should be developed to suppon and guide human
interaction whi, plant systems and to control plant related events and activities. Human engineering
princip'es and criteria should be applied along with all other design requirements to develop procedures
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De types of
that are technically accurate, comprehensht, explicit, easy to utilize, and validated.

.

procedures covered in the element are:

plant and system operations (including start up, power, and shutdown operatloas),e
abnormal and einergency operations,
preoperational, start up, and surveillance tests, and

e

e

statm response.e

Considerations for the review of this element include:

De task analysis should be used to specify the procedures for operations (normal, abnormal, and
1.

energency), test, maintenance and inspection.

The basis for procedure development should include:2.

Plant design bases
system based technical requirements and speel6 cations

*

the task analyses for operations (normal, abnormal, and emergency)
e

e

signl6 cant human actions identiS:d in the HRA/PRAinitiating events to be considered in the EOPs should include those events present in thee

e-

design bases.

A Writer's Guide should be developed to establish the process for develop!ng technical
procedures that are complete, accurate, mnsistent, and easy to understand and follow. The3.

Guide should contain suf6clently objective criteria so that procedures developed in accordance
with the Guide should be consistent in organization, style, and content. The Guide should be
used for all procedures within the scope of this Element. The Writer's Guide should provide
instructions for procedure content and format (including the writing of action steps and the
speci6 cation of acceptable acronym lists and acceptable terms to be used).

The content of the procedures s'nould incorporate the following elements:4.

.

Title*

Statement of Applicabillry ,

*
.

Referencese

Prerequisitese

Precautions (including warnings, cautions, and notes)*

Limitations and Actionse
.

Required Human Actionsa

Acceptance Criteria*

Checkoff Listse

A review should be conducted to assureAll proceduies should be veri 6ed and validated.
procedures are correct and can be performed. Final validation of operating procedures should5.

be performed in a simulation of the integrated system as part of V&V activities described in
Element 8,
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An analysis should be conducted to determine the impact of providing computer based
procedures and to specify where such an approach would improve procedure utilization and

-

6.

reduce operating crew enors related to procedure use.
,

21.4.8 Dernent 8 11urnan Factors Yerification and Validation
The successful Incorporation. of human factors engineering 1. i' the final HS! design and the

acceptability of the resulting 1151 should be thoroughly evaluated as au .ategrated rctem using IIFE
evaluation procedures, guidelines, standards, and principles.

Considerations for the review of this element include:

The evaluation should verify that the performance of the HSI, when all elements are fully
integrated into a system, meets (1) all 11FE design goals as established in the program plan; and1.

*

(2) all system functional requirements and suppon human operations, maintenance, test, and
inspection task accomplishment.

2. The evaluation should address-

lluman Hardware interfaces~
*

Human software interfaces*

Procedures*

Workstation and console conSgurations*

Contr01 room design*

Remote shutdown ytem *nd location control station*

Design of the overal work emironment*

Individual HS1 design elements should be evaluated in a static and/or ' pan task' mode to assure
that au controls, displays, and data processing that are required are available and that they are3.

designed according to accepted HFE guidelines, standards, and principles.
.

The integration of HS! elements with each other and with personnel should be evaluated and
validated through dynamic task performance evaluatic.o using evaluation tools which are

4.-

appropriate to the accomplishment of this objective. A fW1y functional HS1 prototype and plant
simulator should be used as part of these evaluations. If an alternative to a HS1 prototype is
proposed its acceptability should be documented in the implementation plan. The evaluations
should have as their objectives:

Adequacy of entire HS1 conSguration for achievement bf safety goals
Confirm aUoution of function and the structure of tasks assigned to personnel

*

Adequacy of statBng and the HS! to suppon staff to accomplish their tasks.
*

*

Adequacy of Procedures
Confirm the adequacy of the dynamic aspects of allinterfaces for task accomplishment

*

Evaluation and demonstration of error tolerance to human and system failures
*

*

Dynamic evaluations should evaluate HS1 under a range of operational conditions and upsets,5.
and should include:

|
'

Normal plant evolutions (e.g., stan-up, full power, and shutdown operations)*
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lastrument Failures (e.g., logic and control units, fault tolerant matrollers, local 'Scid,

e
Units' for muhlplex (MUX) system, MUX controller)
llSt equipment and processing fatture (e.g., loss of VDUs, loss of data processing, losse

oflarge overview display)
Transients (e.g., Turbine Trip, Loss of Ofhlte Power, Station Blackout end Loss of all

.
,

*

Accidents (e.g., Main steam line break, Positive ReactMty Addition, Control RodFW)

Insertion at power, Control Rod Ejection, ATWS, and various-sized LOCAs)
*

Performance measures for dynamic evaluations should be adequate to test the achievement off
all objectives, design goals, and performance requirements and should include at a minimum:

6.

System performance measures relevant to safety
Crew Primary Task Performance (e.g., task times, procedure violations)

*
*

Crew Errors*
Situation Awareness*

Workload*
Crew communications and coordination*

Anthropometry evaluations*

Physical positioning and lateractions*

A verincation should be made that all is, sues documented in the 11oman Factors issue Tracking7.
System have been addressed.

A verification should be made that all critical human actions as defined by the task analysis and8.
PlWHRA have be adequately supported in the design. The design of tests and evaluations to
be performed as part of life V&V actM!les should specifically examine these actions.

,

S.

p *
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1151 REVIEW GUIDELINE DD'ELOPhfENT
,

i

3.
,

General Methedolm and Generst Deslen Prindrlu3.1

3.1.1 Dieniew

While a very broad general model for the review of advanced reactor HFE was developed, the
development of guidelines for the review of advanced HS! controls and room displays was identlSed asd
the part o! the Inodel to be developed. The general methodology for this part of the effort is illustrate
in Figure 3.1.

The most important aspect of design evaluation is knowing what tasks the operator must perform
and what the information, data processing, and control requirements are for each task transaction. This

~

'

information must be developed for each unique design and cannot be speciSed in advance. There are
several reasons for this including:

The great diversity of plant types under development incorporating reactor technologies*
beyond LWRs,
The evolutionary continuum in active to passive safety systems which greatly impacts the*
operator's safety functions, and
The varying degree of automation available ir. present advanced reactor designs.*

Thus, while a knowledge of operator tasks is the single most important aspect of safety evaluation, the
state of the industry does not permit tbc specl0 cation of these tasks in enough detail to enable the
development of a guidance document that would be generic enough to be applicable the all ACR design.
Therefore, access to detailed task information will be required for each evaluation whether it is made
available to evaluators through secondary sources (such as documentation or operators) or whether it is
developed by evaluators.

it is possible to identify some high level operator cognitive goals based upon what is understood
,

about hurnan information processing and the cognitive precursors to human error (as was discussed in
- - Section 2). Based upon the discussion in Section 2, a relatively small number of high level cognitive goals

can be identified:

Information Perception and Detection

Information Processine Reouirements . Signal detection and event recognition requirements should be
kept within the operators' information processing limits.

Ranid Information Assi,nilation . HSl information should be displayed in a form that can be easily
assimilated and understood by the user.

Maalml e Primary Task Performanu

Ooerator Primary Task Sucoort . The HS! should be designed around the operator's primary tasks in
.9

terms of what has to be performed within a given time frame, i.e., the HS1 should support the users to
accomplish all assigned tasks within system defined time and performance criteria.

|
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Situation Awareness Suonort . The l{Si should support a high degree of operating crew * situation
awateness?

Appropriate Workload . The 1151 should provide for a level of workload that does not negatively affect
performance but which is sufficient to maintain vigilance.

hiiniml e Secondary Task Effects on Dhided Attention

Minimize Unwanted Secondary Tm);g The HSI should minimize the competition for attentional
processing resources of secor,oaty tasks (tasks not directly involved *vith process control, such u the
interface management).

Minimfre Mental Computations and Tr,msformations The HS! design should sninimize the need for
operators to perform mental computations or to mentally transform data in order to make it usable.

Minimize Memory lead . The system will minimite operator memory load.

Mintrolze Errors

Feedback The operator should be provided with feedback regarding the behavior of the system in
response to control actions.

Error Tolerancf ne operator interfaces should minimize operator error and provide for error detection
and recovery capabili y. They should provide the cues required to activate the mental model which ist
appropriate to the situation (thus minimizing the higher level processing and the information processing
burden) and distinguish the information from other sim!!ar events.

The means of attaining these goals in the HS! 15 reflected lu a set of General Design Principles
that depict the generic HS! characteristics necessary to support optimal operator performance. Such
general principles of human interface design have been proposed in a number of sources (Smith and
Mosier,1986; Rarden and Johnson,1989; Shne!derman,1987; DoD,1989). It should be noted that all
of the cognitive goals do not all translate directly into c! car-cut design review principles. However, most
can be addressed as part of HS! evaluation. For the purposes of this report the General Design Principles
are referred to as * Meta Guidelines." There are ten Meta Guidelines-

'

Ellicient Screen Organlzstion

All aspects of screen organization (placement of cleiitents, sequencing of elements, spacing. etc.) _
should be based on user requirements and reflect the general principles of organizat!on by importance,
frequency of use, order of use, etc.

Logical Structure

All aspects of the system (formats, terminology, sequencing, grouping, etc.) should reflect an
otwious logic, preferably based on task requirements, r.uclear power conventions, or cult ural conventions.

-

In the absence of a logic based on one of these, another non arbitrary Mgic, such as alphabetical,
chronological, size, etc., should be employed.
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Consistency

All aspects of the system should be expressed consistently,includ.ug i' ants. terminology (labels,
prompts, menu items, commands, etc.), abbreviations, coding, control actions, sequences of actions, etc.

Familiarity / Meaningfulness

All aspects of the system should be expressed in customary, commonplace, useful and functional
terms, rather than abstract, unusual or arbitrary forms, or in formuequiring interpretation prior to use.

Task Compatibility

The system should support task accomplishment and not force the user to conform to system
Required data should be available in forms and formatsprocessing requirements and ilmitations.

appropriate to the task, and control options should encompass the range of potential desired actions.
.

_

,

Minimal Mernory Load

The system should minimize the user's cognitive load by not requiring users to perform mental
calculations, mental transform:ttons, or to remember lengthy lists of codes, complex syntactic command
strings, information from one screen to another, lengthy action sequences, etc.

Minimal Required Actions

The system should require the minimum number of actions necessary to acmmplish an actien;
e.g., single vs. command keying, menu selection vs multiple command entry, single input mode (keyboard,
mouse, etc.) vs. mixed mode, etc. In addition, the system should not require the entry of redundant data.
The user should not be required to re enter information aircady resident in the system, or information
the system can generate through opera:ing or' already resident dan.

..

Mexibility .

" Die system should provide the user with multiple means to carty out actions and permit the' user
- to format display /controlin a configuration most convenient for the task at hand. Flexibility is sometimes

a trade-off with consistency and should not impose interface managemen; workload which distracts the -
user from plant monitoring and operations tasks. ,

Effective Feedback

The system should prmide useful information regarding system :;tatus, permissible operations,
errors and error recovery, dangerous operations, data parameters, etc. The system should provide an

,

effective HELP function.

Effective Error Handling

The system should generally be designed such that the user can not make a serious error. If an
error is made, the negative effects should be controlled and minimized, the system should offer simple,
comprehensible notification of the error, including guidance for error recovery, and should proside
simple, effective methods for recovering from the error.

3-4
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Since the principles are generic and stated at a fairly general level, they must be niade more
applicatien specific through the development of detailed design review guidance. The general HS!
principles are then made more technology dependent and to a level of detail suf6cient to support HSIrniew and evaluations. The general HSI principles must be translated into terms that can be appliedf h iw
to speci6e applications of advanced technology for NPPs,i.e., by developing guidelines or t e rev e
of the specific types technology (e.g., graphic displays, touch screens, and expert systems).

The detailed guidelines can be derived from many sources as illustrated in Figure 3.1. The most
cost effective means of developing guidance is to adapt validated guidelines already developed for similar
complex, high technology systems. For areas where no guhnee is available, the scientific literature and
industry experience related to the area can be reviewed to determinewhether a sufScient knowledge baseexists to support guideline development. If the knowledge basis is weak, specific research projects can
be oeveloped to provide a foundation for guideline development.

Revision 2 of the Guideline (described in this document) reflects the results of the first method
of guideline development. While a preliminary hst of areas in need of further development have beenidentified, no effort was made in this project to review the literature (beyond that defined in the first
method).

The purpose of this section is to describe the derivation of the detailed guidelines contained in
Revision 2 of the Guideline.

Identifiention of Available Guidance for Advanced HSI3.2

3.2.1 Document Search

Human factors guidelines for the types of advanced HSI technology being used in NPPs (as
(1) a narch of the humandiscussed in Section 2) were sought. The search proc:ss was composed of:

factors literature including journal articles, conference papers, special interest n.oup newsletters, and
announcements of recent publications for books, manuals, etc.; and (2) direct contact with organizations
which sponsor such research as well as individuals in the field of advanced human factors technology.

Three general criteria were used to facilitate the identl5 cation of guidelines projects for
First, no effort was made to identify documents developed before 1980.consideration in this project.

The reasons for this restriction inciuded (1) significant guidelines were absorbed in later documents
developed in the 1980s, and (2) HSI and computer technology have so dramatically changed over the
1980s that many of the guidelines published in the 1970s are not applicable to today's technology.
Second, for this stage of the project, very specialized documents were not included because their validity
could not be judged and they typically contain guidelines drawn from more well Known guidelines. Third,
a "finet net' was used to identify applicable documents in the nuclear industry. That is, almost any
nuclear industry document suggesting recommendations or guidelines for advanced HS1 was sought andFor example,
included while such a fine resolution search was not performed in other areas.
NUREG/CR-3987 on computerized annunciator systems contains general guidelines for such systems and
was identified in the search process. Similar documents from outside of the nuclear industry would not
have been included in the search process.

Information on each effort was entered into a computerized database containinginformation such
as- authors, document title, document number, publication date, performing organization, sponsoring
organization, publisher, status (completed, draft report, or work in-progress), availability (available or not
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The available documents for a!I
available fo. release), and a synopsis of the document's contents.
projects were solicited and obtained where available.

Over 75 guideline efforts were identified. The great emphasis is on HCI with the more recent
Many of the har6vare aspects of hcl were

emphasis specifica'Jy on human software interfaces. elaborated in earlier guidelines, althcugh there are some exceptions to this as well (such as in the area
of computer input devices like the mouse and touch screen). It was also observed ' hat a large number
of books have been published in recent years on HCI guidelines. These te.xts, however, generally are
limited in terms of the research justification audit trail provided for individual guidelines (i.e., individual
guidelines are not linked with references validating their use). Government sponsored documet.ts such
as Smith and Mosier (1986) and DoD-HDBK 761 A are much stronger in this regard. The latter are also
much stronger in terms of the peer / industry review the guidelines received.

3.2.2 Document Selection of Primary Source Documents
'

Once advanced HS1 documents were identified, the selection of those documents to serve as the
basis for the initial set of guidelines to be incorporated in the Guideliae document had to be made.
Although many documents were identified and included in the database, no attempt was made to include
all of them in the development of the Guideline for two reasons. First, the sheer volume of documents
would have been too resource intensive to permit a detailed evaluation of each. Second, there was great
diversity in the " validity" of individual documents. Therefore, a strategy was developed to classify the
documents into primary (those to be used in the Guidelines development) and secondary sources. The,

classification process is explained below,

in the selection of primary source documents and in the subsequent selection of individual
guidelines, a high priority was given to assuring the " validity" of the guidelines. Validity is not used here
in the classic scientific sense of the term,instead an attempt was made to assure that the guidelines were
based upon empirical research and/or accepted human engineering practice. Validity was defined in
terms of two aspects of potential source document development which loosely correspond to the'Intemal"
empirical research support and conformance with accepted human engineering practice.
validity was evaluated by the degree to which the individual guidelines within a docurr.ent were based

-

upon empirical research and an audit trail maintained from each guideline back to the research upon
which it was based. Thus, if an individual guideline seemed questionable, it would be possible to go back"

to the original source documents to evaluate the appropriateness of the guideline's technica' wasis.-

* External * validity was evaluated as a function of the degree to which the document has been suycted
to peer review. A document which had undergone extensive peer review was considered to have external
validity..Such a . review process was considered a good method of screening guidelines for conformance

t

- to accepted human engineering practicds?lnternal and extemal validity were evaluated at the document~

level and not at the level of individual guidelines.

In general, documents which had both good internal and extcmal validity were considered the
Documents which had neither internal or extemal validity were

best primary source documents.
considered secondary sources. This classification was used to specify the use of the documents in the
guidelines compilation process.

While internal validity (research basis) and extemal validity (peer review) are important factors,
there are additional factors which affect a document's priority within a class. Thus, a more fine-grained
prioritization procedure was developed that included three additional factors:

3-6
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Authorshin A document was considered higher priority than another if ft was developed
by a panel of experts under the auspices of a recognized institution (such as the Humane

Factors Society) than if it was developed by a small group of authots.

Recency- A document was considered higher priority than another ifit was developed
recently (1985 Present) than if it was developed prior to that (19801984).

e

Industry - A document was considered higher priority than another ifit was developed
for the nuclear industry than if it was developed for another industry.

e

When these three factors are combined with the first two factors, a 32-level priotitization system results.
Each of the documents in the database was rated by priority and that information was coded in the
database. The priority rating was used to guide the order of document utilization and to facilitate the
resolution of conflicting guidance that may appear between documents. The general classification used
to establish document priority is illustrated in Table 3.1.

Table 3.1. Gu!deline Document Prioritization Scheme

a NO PEER REVIEW
PEER REVIEWf

NOYESNOYES

E

PANEL NO PANEL NO PANEL NO PANEL NO

,
.

REC OLD REC OLD REC OLD REC OLD REC OLD REC OLD REC OLD REC OLD
$
g

I

W
.,

. .

' ' - s
- @

.

D N O N O N O N O 'N O N O N O N O N O N O N O N O. .

N O N ON O N
'

|

1 2 3 4 5 s ? e e to 11 12 13 to 16 18 17 18 to 20 21 22 23 24 25 2s 77 24 29 30 31 32

I
L

!
Notes:
For Recency: REC = Rocent (1985-Present) ard Ot.D.198o 1984
For Industry: N = Nuctear frdustry and O = Other Inoustryi

'
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Table 3.2. Guldeline Primary Source Documents

._

Tm.E
ORGANIZATION DOC. NUMBER YEAR _

DoD MileSTD-1472D 1989 Human Engineering Design Criteria for
Military Systems

DoD DOD HDBK 761A 1990 Human engineering Guideline for
Management Information Systems

U.S. A!r Force ESD-TR-85278 1986 Guidelines for Designing User Interface

Software (Smith and Moster)

NASA NASA STD-3000 1987 Man System Integration Standards

NASA NASA USE- 1988 Space Station Freedom Human Computer
.

HCIG-1000 Interface Guidelines

HFS ANSI STD-HFS. 1988 Ameron National Standard for Human
Factors Engineers of Visual Display

100
Terminals Workstations

_

U.S. NRC NUREG.0800 19&4 Standard Review Plan

INEL ISBN 0-12 283965- 1989 User Computer Interface in Process Con-
trol. 3 Human Factors Engineering Hand-

X
- . . | D C'(_

The primary source documents used for the NRC Guideline are indicated in Table 3.2,

While all of the documents are the products of U.S. Government sponsored efforts, the last
document listed is a published book (Gilmore et al.,1989), It was based in part upon work performed'

at the Idaho National Engineering Laboratory (INEL) for the NRC and reported in NUREG/CR 4227
(Gilmore,1985). The work is significant because it (1)is speci6cally directed toward process control
applications, (2) provides an excellent research basis for the guidelines presented, and (3) draws heavily

- * *

from source material developed in the nuclear industry, it di!Iers from the other documents in that it
did not receive the extent of peer review received by the other documents. However, its positive features
wcre considered significant enough to warrant its inclusion as a primary source.

Another sUghtly different document was the Space Station Freedom Guidelines. Since these
guidelines were developed for the Space Station they were much more prescriptive than the other
documents. This source was used, however, because it had an excellent research base and peer review.
It also provided a number of new hcl guidelines. When used as a source for the NRC Guideline,these
guidelines were modified to present a general principle rather than an equipment-speci6c requirement.

3.3 Orranizational Structure-

Before developing an organizational structure for the Guideline, the approaches used in other
documents that provide advanced human factors guidelines were examined. The structure should remain'

fairly flexible at this point to allow for the diversity of technology implementations, the grov1h of
emerging technology, and to provide for an expansion of document scope to other types of interfaces.

3-8

_



__ _. ,__ _ _ . _ . _ _ _ _ _ _ . __ __ _ _ _ - - - _ . _ _.

*
.

A computer based document can provide the Dexibility needed at this stage of the Guideline
development.

The organizational structure of the primary source documents was reviewed. Typically these
documents used a generic function based approach, that is, the guidelines were organized by high levelfunctions the operatar performs with the system, such as data entry, data display, dialogue, communica-ll ts is usually
tion, and data protection. In addition, a section on integration of these functiona e emen
provided. Several of these documents address the human interface issues peculiar to computer s>Ttems.
The more general documents, such as MIL STD-1472D and NASA STD-3000, also include guidelinesfor the hardware required to perform computer functions (e.g., keyboards, CRTs). NUREG-0700 followsl

a similar approach; the list of interface guidelines are organized into the following sections, ControRoom Workspace, Communications, Annunciator Warning Systems, Controls, Visual Displays, Labels
and Location Aids, Process Compute:s, Panel Layout, and Control-Display Integration.

The Guideline's organizational structure is similar to other documents that focus heasily on the
human computer interface. However, the organizational structure was inDuenced by the results of the

scoping task which indicated major trends in the use of relatively ' compact' computer based workstationsand intelligent operator aids. Thus, the proposed structure represents a blend of current guidelinef
approaches and the anticipated needs of the NRC inspector or reviewer. The seven major sections oi A more
the draft document are presented in Table 3.3. Each of these is broken into several subsect ons.
detalled breakdown of the sections is piesented at the beginning of Volume 11 of this report.

Of the seven sections, the first six tend to be human software / human information oriented. The
last section provides the majority of the guidelines pertaining to hardware and workplace layout. Notel (
that no effort is being made in this project to incorporate guidelines for ' traditional" techno ogy e.g.,
rotating knobs or sound powered phones) already addressed by NUREG-0700, although there are plans
to do so in the future since these will be needed to review advanced CRs.

Information Display

This section deals primarily with the formatting of visual displays, both text and graphics based.
Guidance is provided in top-down fashion beginningwith broad display design issues and then proceeding
to finer levels of display details. The first four major sections include overall organization & layout, type

- o

of display, display elements, and . ally coding. The fifth subsection pertains the display of safety criticalS

parameters.

Screen organization guidelines include general organizing principles, establishment ofim,sior.a!
areas on the display (e.g., command, message areas), methods of presenting information on multiple
pages, techniques for grouping displayed items, and the use of " windows." Guidelines for types of
displays address the use of various methods of presenting information such as by tables, lists, data forms,|

mimics, and graphics (including flow charts, graphics, map displays, diagrams, etc.).;

GuiAlines for display elements treat the appearance of the curset and text characters, graphical
and textual methods of data presentation, and the content and format of labels used in such

-,

presentations.

!
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Table 33. Guideline Tr.ble of Contents

1.0 IhTORMATION DISPLAY
1,1 Screen Organization and LayoutI

1.2 Types of Displays
13 Display Elements
1.4 Coding
1.5 Display of Safety Parameters

2.0 OPERATOR INPUT AND
2.1 Entering Information
2.2 Operator Dialogue

CONTROL 23 Display Control
2.4 Information Manipulation
2.5 System Response Time

3.0 A1 ARMS
,

4.0 CPERATOR AIDS
4.1 Routine System Messages and Guidance
4.2 Decision Aids

5.ti INTER. PERSONNEL 5.1 General

COMMUNICATION
5.2 Preparing Messages
53 Addressing Messages
5.4 Initiating Transmission
5.5 Contro!!ing Transmicsion
5.6 Receiving Messages

6.0 INFORMATION 6.1 General

PROTECTION 6.2 User IdentlSeation
63 Data Access
6.4 Data Transmission

7.0 WORKSTATION DESIGN 7.1 Display Devices ~

7.2 Control and input Devices
73 Control Roc.n Con 5guration

..

Coding is used to distinguish among types of displayed data (e.g., normal /out-of range,
labelsNalues). ' Coding guidel:nes consider text codes and methods of highlighting text displays, generally
applicable codes based on visual attributes (e.g., brightness, color, size, shape, etc.), and auditory codes.
The guidance centers on the consistent application of codes, and the appropriateness of their use in
connection with various types of tasks.

.

Operator Input and Contrcl

This section addresses entering information, operator dialogue, display control, information
manipulation, and system response time. Thus, considerations of display-control integration are included
here."

Information entry comprises any circumstance in which the operator provides data to a computer.
Modes of information input considered include text entry, tabular and form entry,based system.

graphical entry, and entry via speech.

3 10
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ence control commands to the system. Sequencei f_ r>erator dialorue refers to the issu ng o sequ ) The
control refers to operator inputs that initiate or interrupt transactions (i.e., functions of the system .

O

specl6c means by which such command inputs are made is the transaction dialogue. The types of
dialogue considered are: command language, direct manipulation, menu sAcetion, form filling, function
keys, query language, question and answer, and constrained natural language.

Command Language A command language dialogue requires the operator to specify the
functions to be performed without prompting; the operator is assumed to be aware of theA command language dialogue is
available options, the proper command syntax, etc.).
appropriate when a great deal of Dexitility is required regarding the sequencing and content of
operator inputs, and the operator is very familiar with the system.

Direct Afanipulation A direct manipulation or graphic user interface (GUI) typically displays
pictographic icons to represent control actions and options; actions and options not easily
represented in pictogwphic form are presented in menus. Icons or menu items are ' selected * by
positioning a cursor, usually by means of a pointing device (i.e., a mouse or trackball). GUls
often present different modes of interaction or types of information in separate, selectable
' windows" on the display.

Afenu Selection - A menu selection dialogue presents the operator with a number of options from
which the desired action is chosen any of a variety of means (e.g., positioning of the cursor,f
entering a keystroke code, etc.). This style of dialogue is appropriate when the number o
options is limited and speed and accuracy are critical.

Form filling A form filling dialogue requires the operator to enter data in prede6ned fields

presented on the display. This style ofinteraction is, therefore, appropriate to situations in whichthe categories of data to be input can be speel6ed, but Dexibility is required with respect to the
data to be input. It is the obvious choice for entry ofinto a computer system ofinformation that
already exists on hardcopy forms.

Function Keys - Function keys are dedicated to a single option or action and are therefore best
used to in order to select from among a small number of frequently used options that are
available at any point in the operator / system interaction (i.e., functions that are available only in...

certain modes of system operation are typically not assigned to function keys),

Qucry Longuage - Query language is a specialized type of command language used to retrieve
f

information from a system.

Question and Answer -In a question and answer dialogue, the system poses questions for the
operator to answer. This style ofinteraction is appropriate when the types ofinformation to be
input are speci6ed, and the order in which ti;e data are to be input is prede6ned.

Consrmined Narumt Language - A natural language interface allows instructions or requests to
be entered using * everyday' vocabulary with few requirements as to syntax.

..

A well designed operator dialogue will allow operators to interact with the sy. tem without
imposing unnecessary constraints on the selection or sequencing of actions, and move ef6ciently from
one task to the next.

l 3 11
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Disr>lav Control guidelines comprise a variety of display interactions and modes (e.g., selection,
freezing, updating, paging. scrolling). The objective of the design of display control functions is to allow
the operator to access the specific information required for the task at hand while maintaining awareness
of the ongoing process and the display / control context.

System Resronse Time address the necessity of the system to respond promptly to operator input.
Guidelines address the speed the systems's response to user inputs of various kinds, and control ' y the -

,o

operator of the display of information.

Alanus

Alarms have historically been problematic in NPP CRs. Recen advanced technology-based
efforts to improve alarms have not been completely successful (see O'Hara et al.,1991), thus, the NRC
has specifically ider.tified alarms (annunciators) as a generic issue and initiateJ research to develc.; review
guidance in the area of advanced alarm systems (FIN A 3967). This section is essentially a place holder'

for the results of the NRC project identiSed above.

Operator Aids

Areas covered by guidelines in this section are promp;s (including routine messages), operator
guidance (feedback and on line help), and decision sids (i.e., expert systems). Well-designed prompts

,.

indicate not only that input is expected, but also the proper format and means of performing the entry.
Useful error messages clearly convey the nature of the problem and facilitate its correction. The overall
goal of prompting and user guidance is to ensure that operatorc., at any point in the interaction, are aware
of what type of action is appropriate, what their options are, how they should proceed, and how they can
request help.

Inter Personnti Communleation

This section contains guidelines for activities related to computer-mediated communication
among the plant personnel, e.g., preparing, addressing, transmitting and receiving messages. Many of

.

the guidelines are concerned with minimizing the demands placed on the operators of the system while
prosiding them with considerable flexibilityin communications. It is especially important in the context'

of a CR that inter operator communication functions be well-integrated into the larger computer based
control system, e.g., operators should not feel that communications require an interruption their ongoing
tasks, the use of a unique command b or mode ciinteraction, recall of special syntax and addresses,
etc.

Infortnation Protection ,,

This section contains guidelines pertaining to methods for ensuring the integrity of data u:ed by
the system. Guida' ice covers prevention ofinadvertent change or deletion of data, minimir, tion of data
loss due to computer failure, and protectior of data such as setpoints from unauthorized access.
Measures taken to protect data will usually involve trade-offs between security and case-of use. He
inconvenience introduced by tbc necessity to, e.g, verify potentially destructive actions, should be
appropriate to the costs of such actions.

3 12
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Workstation Design

This section is hardware oriented and organized in bottom up fashion beginning with guidelines
on indMdual display and control devices, then continuing with the organization of those devices within
an indMdual workstation, then finally treating the overall organization of the entire CR. The section -
contains many "placeholders,' since guidelines do not currently exist for many aspects of advanced
technology hardware to be used in advanced CRs (such as flat panel displays). The guidelines pertain
to the design of display and mntrol devices typically associated with human-computer interfaces: video

display terminals, audio & voice displays, projection devices, printers, keyboards, and direct manipulationcontrols. More general considerations related to the design of the CR (i.e., equipment dimensions and
anthropometrics, CR emironment, etc.) are treated in NUREG 0700.

3.4 Culdeline Ders

Within each section of the Guideline,indMdual guidelines are arranged into three tiers. Tiering
was accomplished to aid reviewers in performing more efficient, less time consuming evaluations.
However, the current tiering is considered very preliminary and will be subject to further evaluation. The
tiering is deSned below followed by an explanation of how it might be used in the review process.

The first tier contains guidelines that address the appropriate use (or contraindication) of a'

particular technology, equipment, methodology, or approach. These are called the ' appropriate useThe remainder of the
guidelines." Not every section in the Guideline contains Tier 1 guidelines.
guidelines were divided in two tiers of importance with resteet to desin review. Tier 2, called " leading
indicator guidelines," contains guidelines that are more general, directlyobservable to a reviewer (without
special equipment), and considered more significant in terms of their potential effect on operating crew
performance than the Tier 3 guidelines. Tier 2 contains guidelines that (1) represent technology specific
applications of the meta guidelines or (2) were not clearly tied to a meta guideline but were judged by
the project staff as important. Tier 3 guidelines, called "detalled guidelines *, were considered slightly less
important than the Tier 2 guidelines and often represented finer levels of detall of more general Tier 2
guidelines.

The logic of using the tiers as pan of a design review is illustrated in Figure 3.2. Essentially the
reviewer Erst evaluates the design feature for its acceptability with respect to Tier 1 - Appropriate Use.

-

If the reviewer concludes that the design represents an inappropriate use of the design feature, then the
evaluation of that particular feature is terminated. The rationale is that if a design feature isFor
inappropriately applied, there is no purpose to evaluat!ng the further specifics of the design.
example, if a table display format is used to show the trend relationship of two contiguous variables, tne
reviewer would find the display rejected on Tier 1 (due to an appropriate,use of table displays). There
is no need for the reviewer to establish whether it is a good or bad tabular display design.

If the display is acceptable at Tier 1, then the reviewer evaluates the design feature for Tier 2
guidelines. If the feature " passes" the Tier 2 guidelines, then the evaluation of the specific feature is
terminated with an acceptable evaluation. Since Tier 2 are the more important guidelines, no further
review at Tier 3 would be made. By similar logic,if the design feature " falls" the Tier 2 guidelines, no
further evaluation need be made at Tier 3 unless the reviewer wishes to more specifically pinpoint the
deficiencies. If the results et Tier 2 are equivocal, then the Tier 3 guidelines would be used to determ..ie
the ultimate acceptability of the de. sign feature.

3-13
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Figure 3.2 Proposed Review Strategy Using Guideline Tiers

As indcated above, the tiering of guidelines is considered experimental at this time pending
further evaluation.

.

3.5 Individual Guldeline Fonnulation

The individual guidelines from the primary source documents were sorted into the Guideline's
organizational structure. This process was not stra}ghtforward since the documents were all organized
differently, used dissimilar terminology to address the same topics, were syntactically different, and were
developed to provide design guidance and not review guidance.

There was considerable overlep in the guidelines recommended across the primary source
documents. Thus, the guidelines were edited to combine similar guidelines into a single guideline.
Where compound guidelines were encountered (several guidelines combined into a single statement), an
effort was made to break the compound guideline into several logical units and represent the units as
separate guidelines. The goal was to make each individual guideline a clear and distinct thought, and
thus easier for a reviewer to use. Information as to the primary source document from which each
guideline was derived was recorded. Occasionally primary source documents differed as to the guidance
recommended. Conflict resolution was handled case by case. Typically, 't e document prioritization

-

i

system was used to resolve any conDicts which existed between guidelines, in those 1-4.ances where
conDicts existed between guidelines of the same priority, then the more conservative guideline was used.-_
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The guidelines were developed into a standardized format (see Table 3.4) contairJng number,A unique identl5 cation
tier, title, guideline, additionalinformation, assessment method, and source.
number was assigned to each guideline. The number reflects the position of the guideline in theThe tier indicates which of tbree tiers the guideline
hierarchical structure of the overall document. li

txtorgs to. Each guideline carries a brief title that indicates the subject of the guidance. The guide neItself states the criteria in narrative form. Manyof the guidelines have additionalinformation which may
contain clarifications, examples, exceptions, details regarding measurement, etc. One or more assessment.

methods have been tentatively designated for each guideline. The specification of assessment method
allows the reviewer to anticipate the information sources that will be needed to perform a given
evaluation. The source of each guideline is indicated, i.e.,1bc primary source documents from which the
mideline was adapted.

As discussed in Section 2, there is great diversity in the available HS1 designs and dialogue modes
in advanc-d systems. There is also diversity in the types of tasks operators may be called upon to
perform at,d h the ways those tasks can be performed in advanced reactor designs. Thus,it was deemed
premature at .6 :s time to screen out guidelines as inappropriate based upon a top-down assessment of
operator tasks in advanced plants. The present version of the Guideline contains a broader diversity of
hcl guidelines than might be expected in a NPP review guideline. For example,it contains guidelines
for text processing, although it may seem unlikely that text processing taaks would be a significant
operator activity in ACRs. However, these guidelines were kept in the Guideline to provide a basis forreview of a particular application utilizing this type of operator activity. One of the values of an
interactive document is that guidelines which are inappropriate to a particular design review need not
be displayed to the reviewer. Thus, the guidelines are available when needed but need not get in the way
when not needed.

At present, there are approximately 1,700 individual guidelines included in the seven sections de-
fined ebove.

'
,

.
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INTERACTIVE COMPUTER. BASED GUIDELINE DEVELOPMENT4.

The purpose of this section is to provide a description of the interactive, computer based version
of the GuidcHne. The following sections describe the rationale (Section 4.1), requirements analysis
(Section 4.2), selection of hardware and software for prototyping (Section 4.3), development of the
guidelines databases (Section 4.4), description of functions and utilities (Section 4.5), and description of
user interfaces (Section 4.6).

4.1 Rationale

in addition to a hard copy of the Guideline, the guidelines have been developed in an electronic
format. Several issues led to the decision to provide the guidelines in an interactive format. One of the
issues that reviewers face in the evaluation of HSI incorporating advanced technology is the tremendous

This situation gives rise to a corresponding

diversity in the technology that needs to be raiewed. increase in the number of guidelines that must be available to the reviewer, even though only a small
number may apply to a specific review. An interactive, computer based document can proside improved
access to the guidelines and can provide user aids for the compilation of guidelines needed for a speciSc
rev!ew. Another issue is updating the guidelines to keep them current as the knowledge base improves
and technology changes. There is a need to enable frequent modifications and timely updates to the
Guideline. A computer-based document can facilitate this task. For these reasons there is a trend in
the human factors community to make HFE guidelines available in computer based form. The U.S.
Military's primary human factors guideline (MIL STD 1472D) and Smith and Mosier's human software
interface guidelines (1986), for example, are available in hypertext. type databases and NASA's Man-
System Integration Standard (NASA STD-3000)is available in a relational database. The USAF has a
program (CASHE) to provide the human engineering compendium and HSI guidelines in computer-
based form. The computerization of the guidelines provides the flexibility required to roiew advanced
HSis and to update and improve the document.

An interactive version of the Guideline was developed to facilitate the following activities-

guideline access and review,*

compilation / reorganization ofindividual guidelines to identify a subset of guidelinds for*
.

a specific review.

-

guideline editing.*

the incorporation of new guidelines as they becomt wa!!able, and*

to serve as a report preparation and review audit trail aid to a reviewer conducting*

human factors audits of advanced CR technology.

4.2 Reautrements Analysis

An analysis of the inspection task and the variety of ways the document would be used was
performed to identifyinitialintcractive document requirements. They were organized into four categories:
review and inspection task requirements, general usability requirements, electronic document functionality
requirements, and general hardware requirements to support prototype development of the system. Each

It should be noted that not all of these requirements are not met in current
is summarized below.

i ,
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version of the Guideline.The requirements are being evaluated and modified as a result of the test an
evaluation program described in the next section.

4.2.1 Rniew and Inspection Task Requirements

Based upon an analysis of an NRC reviewer's activities, the following requirements were
identl6ed.

Support All Enkw Elements as identi6ed in Section 2.
*

Support AllInspection Phases document should support all phases of the inspection*
including:

Preparation (such as, review general details of the plant; obtain and review
speel6c information on the human system interfaces, procedures etc.; record of

-
,_

carlier evaluations; activity preparation; customize guidelines so that reviewers
can prepare a customized subset of guidelines in advance of an audit which is
tailored to the speci6c inspection to be performed).

On Site Inspection (such as, interview support; review of plant documentation;
equipment inventory; comparison of interfacer with guidelines; issue identiSca-

-

tion, etc.).

Report Writing and Issuance (such as, documestation of all areas reviewed,
persons contacted, specl6c Sndings,etc.; organization of information into canned

-

formats).

Support severa!' Document Utilization Modes * such nc*

Emulate Guideline Document - The capability to provide a high Edelity
emulation of the hardcopy document, including navigation sids (i.e., table of

--

contents and index), glossary, and standard page layout (user sees " raw
document" which is essentially the same as the hard copy version - to facilitate.

user familiarity with the document's content).

Perform Review User secs only those aspects of the document needed for the
various phases ofJeview, but can ca.tily access others; the sbility to proceed

-

.

thro' gh' guidelines witho*ut secondary dat's su'ch as Comment, Source, and
-

' ~

u
Classification fields. These should be accessible through * push buttons" or menu

options.

Edit Guidelines - For document updating, possibly not available to all users so-

that the document's content can be controlled.

' Organization by. system' support - A reviewer can enter a menu that provides a listing by
NPP system such as SPDS. Selection of a system option automatically compiles all

e

appropriate guidelines. This capability may require an additional feature which would
present a list of questions to better define the appropriate guidelines once a system is

-

selected.
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4.2.2 Usability Requirements

Several high level usability requirements have been ! dent!6ed for the interactive document whichh design

were essentially derived from the types of high level guidance discussed in Section 3, i.e., t eshould be representative of the guidelines contained in the database. The interface must satisfy several
requirements:

Fast Learning The design of the interface must minimize the time it takes the evaluators
*

to learn to use it.

Efficient performance - The interface must maximize the ef5ciency with which different
evaluators with a wide range of computer experience will be able to use the document.

*

Minimize user errors The interface must be designed to minimize the number of possible*

errors the evaluators might make.

Easy learning and retention Smce the document will be used on an intermittent basis,
its design must be conducive to remembering how to interact with it over time.

*

Minimal memory load - The electronic version of the Guideline should be designed to
minimize requirements for the user to memorize commands, modes, key sequences or

*

other actions not inherent in the inspection process.

Minimal UserInpur -In order to reduce the opportunity for operator error, the electronic
version of the Guideline should permit the user to access the guidelines with a minimum

*

of user input, such as typing. This can be accomplished with pull down menus of
keywords, " point and click" access to table of contents and glossary, and " point and click"
search term entry.

On line help -The document should have an on line help system ;) provide guidance to
users on how to use the system. The on line help should be accessible from anywhere|

*

within the document and should have some measure of context sensitivity. |"

Meaningful error feedback - The electronic version of the Guideline should provide
meaningful feedback to the user in the event of a user error. This feedback should

*

includ.e a description of the. error and the useg action required to correct the error.
*

. < ~ . ., . .

.

High user satisfaction - Finally, the design should be one which maximizes the user's
,

*

subjective evaluation of the interface.

4.23 Electronic Document Functional Requirements

The following functions were deemed highly desirable based upon a consideration of the ways
in which the document will be used:

Graphics support - The capability to display graphic images (e.g., figures, illustrations).*

Automatic 'goto' - For cross-referenced, indexed, and table of contents materials*

activated upon user request.

4-3
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Rapid search initiation - The abillry to ' point and click" at a word in the document to
designate it as the current search term, and initiate a search for the first instance of that

e .

term in the document. This minimizes the amount of typing the user will have to do in
order to access the guidelines.

Restrictedfield acerch - Enables the user to search for words that are restricted to a single
field. For example, the user request that the system search for the term vision" only in

a*

the 'Sub area' field.

Exact and apprmimate word search - The capabillry to select whether the system willFor
search for a sequence of words that must be an exact or approximate match.

.

example, in an exact match, if the user entered " display" as the search term, " displays,"
' displayed,' and " displaying" would no: Le retumed. These terms, however, would all be
considered ' hits" for an approximate match.

'

Keyword list A given keyword list with the capability for the user to develop, access and
modify an individuall:cd keyword list for his/her own use for frequently used terms and

*

phrases.

Browsr - A mechanism to allow the user to "page through* the document by sequentially _*

accessing other related guidelines based on user specified terms and phrases.

Location landmarkr Running heads on each *page' to identify guideline content areas,
i.e., Section: Information Display, Sub-section: Information Format, Area: Graphics,

*

and Sub-arca Flowcharts.

Placemarker - A * book mark" type feature to allow the user to " mark" one or more*
*

guidelines for future access.

Evaluation function - On screen recording of whether the item under evaluation passes,
-*

fails or is not applicable (N/A) to the curre " guideline.
.

Note taking The capability for the user to append his/her own comments to individual"* * *

guidelines.

4.2.4 Hardware Requirements

One of the most important characteristics of the electronic version of the Guideline is that it be
portable. This feature is necessary to support on site use of the guidelir.a by NRC personnel. The
principal attributes of the machine which contribute to its portability are capacity requirements, weight,
size, design and battery life (i.e., operating time between recharges). In addition, the human factors
characteristics of screen design and input devices were considered.

Capacity - The total estimated baseline storage requirement for the electronic version
of the Guideline is approximately eight megabytes: the guidelines will require

.

approximately 4000 kilobytes (k) of storagc, Ses developed in course of an on site
"

inspection will require approximately 200k of storage; users vill require access to other
.

basic productivity packages, such as word processing, spell checking and graphics. These
packages will require an additional 2000k of storage space; the operating system, and its

4A
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resources will require a minimum of 500k of storage; users will require an additional
1000k of storage for miscellaneous files (e.g., copies of previous inspection reports,
poject related memos, inspection plans, etc.).

Wright In terms of weight, there is an inherent tradeoff between 'unctionality and
absolute weight. For the electronic version of the Guideline, it was cssumed that the

*

minimum configuration acceptable would include a hard disk. The assumption is based
on the expectations concerning storage capacity which cannot be reasonably handled
using standard floppy disks. In addition to storage requirements, a hard disk is required
to facilitate frequent, formalized backing up of project Sles. Pending further testing, it
was detertnined that any computers (.a the portable and tap. top categories would have
acceptable weight.

Size - The primary consideration for size is the area required to place and operate the
system. In addition to the machine's footprint (i.e., tt.e number of square inches of work

*

surface required by the machine's case), the size of any additior.al input cevices (e.g.,
mouse, track ball) must be considered. Pending further evaluat.on, it was determbed
that any computers in the portable and lap-top cate;,ories would have acceptable size.

Design Portability requires design characteristics which allow the computer to be easily
transported and used. These factors include consideration of the. pt esence, iocation, and

*

design of handles and grab points; case of set up/take down; hard disk stability (e.g.,
autoparking heads); case design for durability; and screen adjustability for different
viewing angles. All must be acceptable for the interactive document.

Barrery life Since the electronic version of the Guideline may be used throughout the
plant,it cannot rely on alternating current (AC). In some cases, AC power will not be,

*

available. Under other circumstances, laying a power cord across a work area would
create unacceptable personnel trip hazards. The primary concern for battery life is the
number of operating hours between recharges. it is estimated that the computer must
be capable of battery powered operation for half a work day before re charging.

Display Sciren - The reviewer will be using the desice considerably while performing the
-. . .

*

inspection and the system must be capable of displaying at least the types of graphics
included in the document and must be capable of viewing in non-optimal lighting
conditions.

Input Device.r - A keyboard and some type of direct manipulation device (e.g., mouse,*

trackball, etc.) will be required. The design of the input devices must support prolonged
user input and meet the human factars guidelines for the selected input device design.

11artlware and Sofbare ' election for Protottvine8
4.3

The initial requirements analysis provided a basis for selection of hardware and software for
guideline document prototyping. However, before a final decision on haidware and software is made,

-

the document will be further developed and tested to better define the basic requirements.

4-5
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For the near-term purposes of mocking up and evaluating a prototype of the interactive
,

Jocument Apple Macintosh" computer has been selected and the guidelines database implemented in
HyperCard" software.

HyperCard satisfies the functional requirements of the Guideline very well. It has the capabilityThis
to display text in multiple, scrolling fields which can be simultaneously displayed on the screen.
provides users with a- high degree of control over the access to, manipulation of, and display of,

HyperCard also has the facility to implement such features as, ' bookmarks' and an
embedded notebook. It supports note links, whereby the user can access notes pertaining to a specificinformation.

topic or field. Graphics support is included whereby nontextual, bit mapped images can be displayed in
association with the text. In addition, HyperCard offers a powerful help facility, allowing users to seek
conte.xt sensitive help such as clari6 cation on a document navigation problem, or more detailed
information pertaining to a speci6c area or field of the Guideline.

Among the program's most positive features are adaptability and extendibility. HyperCard
..

contains its own object oriented programming language, 'HyperTalk,' which permits the developer to
have essentially total control over the 'look and feel' of the user interface and the ability to rapidly
prototype user interfaces. This capability allows developers to design and demonstrate user interface
concepts, present the conce,rts to potential users and then incorporate user comments into the final
design. This will permit developers to work with users during the development of the document to
ensure that the final design is acceptable.

4.4 Guideline Database Description

The guidelines are stored in a HyperCard (Version 2.1) database Sie (called a ' stack'). Each
guideline is represented as a single record (called a " card") and includes 13 fields (called ' containers *).

Scerion Field The Section Field (e.g., Section 1. Information Display) contains the1.
numeric sequence number and title for the Guideline Section of the current Guideline.

Sub-Section Field - The Sub Section Field (e.g.,1.1 Screen Organization and Layout)
-

2.
contains the numeric sequence number and title for the Guideline Sub Section of the

-

current Guidclinc.~

"Arra' Field - The Area Field (e.g.,1.1.4 Wincows) contains the numeric sequence3.
number and title for the Guideline Area of the current Guideline.

"Sub Arco' Field - The Sub-Area Field (e.g.,1.1.4.2 Display of Windma) contains the4.
numeric sequence number and title for the Guideline Sub-Area of the current Guideline.
Not all Guidelines contain a Sub Area.

.

" Guideline Nome' Field - The Guideliue Name Field contains the numeric sequence5.
number and title of the current Guideline (e.g.,1.1.13 Reserved Screen Areas).

' Guideline * Field - The Guideline Field contains the text of the current Guideline.6.-

"AdditionalInfonnerion* Field - The Comments Field contains additional information7.
needed to interpret or apply the current Guideline. Not all Guidelines contain .

information in the Comments field.

4-6
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"Methoif FitM -The Method Field contains a code for the tentatively recommendedObservation, Interview, Measurement,8.
tr thod(s) for assessing the current guideline:
Documentation Review, Procedure / Operational Review.

"Gudeline Tier' FieM The Guideline Tier Field indicaterwhethet the current Guideline9.
represents a tier 1,2, or 3 guideline.

'Souns* Ficu -The Source Field contains the primary r.ource document from which the
10.

yideline wu developed.

" Comment" FicW The Comment Field is initialy olank and provides a place for the
reviewer to enter information related to their evaluation of the current guideline.11.

" Meta Guideline Classification" FicM
The Meta Ovideline Clusification indicates

12.
which meta guideline category the guideline belongs tu, if any.

"Scarch Term' FicU The Search Term Field stores terms to be searched for. New termscan be identified and stored in this field. The functioning of the search feature is13.

described in Section 4.4.

Thus, for the Guideline application, there is no
Each field t. itmited to 30,000 characters.

pra:ticallimitation on the amount ofinformation that can be stored or the amount of review specific usa
notes (remarks) that can be included.

4.5 Functions and User interfaces

4.5.1 General

This section provides a description of how the interactive document's databases are presentedf be
to the user reviewer and the fuhetions tuat a.- available. The present state of the inter ace can
enaracterized as a mixture of shells (capabilities or functions wh'ch are displayed on the screen but are
not yet implemented) which anticipate future revisions and active functioning elements. The description"

provided below will clarify the differences.

Upon 'startup of the Guideline, an initialization screen is displayed and user identification

(password) is requested before further access is granted (see Figure 4.1). (Since this section referencesmany figures, the figures have been located at the end of the section.) The password feature is not
enabled at the present time. (In order to proceed, the user clicks on * Enter Password" to open a
dialogue box and click *OK.') Once acceis to the Guideline is obtained, the next screen prosides the
" launch points' for document utfilzation (see Figure 4.2). The screen displays seven buttons. Tutorial,

Help, Administration, Program Planning. Studies and Analpes, HFE Review, and PerformanceEvaluation. The first three buttons will provide reviewer assistance but not currently implemented. The
.

1

four remaining buttons provide access to the guidelines contained in the four review modules (of which
life Review is the only fully operational button).''

When a mouse button is depressed, menus appear for selection of the guideline module, e.g.,
" studies and analyses." If' Human Factors Engineering (HFE)* Review guidelines are desired, the cursor
is positioned on that title and the mouse button is activated, bringing the reviewer to the Guidelines
review screen.

+

47

- _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _



-

.

.

.

ADVANCED CONTROL ROOM

DESIGN REYlEW-

p HE00g#cgj GUIDELINESp
Revision D.4g

Wednesday, May 27,1992
4 - -( y " " "

1 gkj"
o

& NYs ENTER PASSWORDV4 -

4*(W Y | Proceed |

en m w sww. umr..r ..c.<in w.w=.r r.w

*

.

Figure 4.1. Initialization Guideline Screen
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Figure 4.2. Function Selection Screen
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The general design of the guideline review screen is shown in Figure 4J. The screen i: d mid related information, and the lower s," .t
id li sinto two n:tions the upper section displays the gu e ne an

provides reviewer bupport functions. The upper section contains two areas. The guidelines area (a meleft of the screen) displays the hierarchical context of the guideline, the guideline title, and the text of
'he guideline. The additional information area (at the right of the screen) contains a window which
provides further information, clarification, or examples related to the guideline. Below this window arefh
three buttons. The Source and Method buttons, when activated, cause the display of the name o t c
source document for the (;uideline and the preferred method of evaluation, respectively. The Show
Figure betton will display the figure, table, or graphic,if any, associated with the guideline. (Currently,
only tables are referred to by the guidelines).

The reviewer suppon section (the lower part of the screen)is divided into three zones: guideline
evaluation, navigation, and document suppon. The guideline evaluation zone contains the evaluation
buttons and the reviewer's comments window. The navigation zone contains buttons for moving around

The document support zone (located across the bottom of the screen)
in the Guideline document.contains buttons that invoke functions frequently used during a review Table of Contents, Glossary, and
Index. The Toggle Functions button causes the document suppon zone functions to alternate betweenClear All
those functions just mentioned (the default) and other, less frequently used functions -

-
Evaluations, Search, and Report (see Figure 4.4). The use of the reviewer support functions is described
below.

At the lower right conser of the screen are the Help and Quit buttons. When the Help
button is selected, the user can point to any Beld and click, and the permissible operations from the
field are displayed. Pressing the Quit button exits the guidelines.

4.5.2 Navigation Functions.

The Next GL (or Prev GL) buttons cause the next guideline (or previous guideline) in the
current section to be displayed. If tbc Next GL button is activated while the last guideline in the
section is being displayed, a beep will sound to alert the user and the first guideline in the next
section of the document will be displayed. If the Prev GL button is activated while the first guideline

, in the section is being displayed, and a beep will sound. |

The Top of Section button causes the first guideline of the current section to be displayed.
The Next Settion button causes the first guideli..; of the section following the current section to be
displayed. The Backup button retraces the reviewer's path through the guidelines. Note that this is
different from Prev GL, which backs through the guidelines in the order in which they appear la the
document (e.g., from 5 to 4 to 3 to 2, cic.).

..

Navigation functions can also be executed from the keyboard. Keyboard input options have
been implemented for navigation functions. Commands can be made whether the keyboard has
function keys or not. Table 4.1 provides a summary of keyboard navigation options,

,

n
4.53 Evaluation Functions4

The evaluation buttons allow reviewers to record their assessments of whether the system
being reviewed conforms to the intent of the guideline (Pass) or not (Fall), or whether the guidance
is not applicable (N/A) to the system. The Return button allow reviewers to record that a guideline
was applicable but that insufScient information was available at the time to make an evaluation.
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Table 4.1. Keyboard Options for Selected Navigation and Evaluation Functions

TYPE OF KETHOARD
Function Kew - No Function Ken

FUNCTION
'

?! Option-1

F2 ~ Option-2Pass
Fall F3 Option 3

F4 - Option-4Return

F3 Option 5 or Right ArrowN/A
Next GL F6 Option-6 or Left Arrow
Prev GL Option 7 or Up ArrowF7
Top of Section F8 Option-8 or Down Amnv
Nex' Section

When the Return button is selected, a window appears that allows the reviewer to indicate the reason
for returning to the guideline by choosing from a pre defined list (see Figure 4.5). Ouldelines
recorded as " Return" can be reviewed by using the Review Returns button The reviewer selects the
category of " return" items tn * reviewed; the Next button is used to move through the selected items.

acreen (next to the Review Returns button) only when returns areThe Next button appears oc "
being reviewed.

Evaluation
,

Review vbich?
Or.n .............................................

""d ' '' '''' ' 8 " "'Oaem Need Plant uneaegement impet

ON/A Requires snessersment lastrseboat
Requires addittenal decementatica

l aeview Retes Other requiresnest . . .
.

Figure 4.5. Revicw Return Evaluation Options

As with navigation functions, evaluation functions can also be executed from the keyboard.
The keyboard evaluations can be made whether the keyboard has function keys or not. Table 4.1
provides a summary of keyboard evaluation options.

An individual evaluation can be changed by selecting another evaluation option of by
selecting the same option again. Selection an option over and over toggles it on and off. A
reviewer's comments can be edited by placing the cursor in the Comments Window and using

-

standard Macintosh text editing commands.
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4.5.4 Document Support Functions

PWman Doca.urnt Sumorf Funerions. When the Table of Contents button is pressed, pop-up
scrollable windows open on the screen (see Figure 4.6a). Selection of a section, subsection, area, or
subarca brings the reviewer to the first guideline in the selected topic Pressing the Index button

.

causes the Context Index screen to be displayed. When a word in the index is selected, all occur-
renw of that word in guideline titles or text are displayed in a scrollable window. The index is
essentially a * Key Word in Context' (KWIC) display. Each line in the window displays the selected
word in the center and the surrounding text (before and after the selected word) as it appears in the
displayed section of the guidelines (see Figure 4.6bt Clicidng on the desired text transfers the
Iniewer directly to the guideline form which the selected text came.

A generic HFE glossary is accessible by pushing the Glossary button. The glossary appears in
a scrollable window in alphabetical order (see Figure 4.7). If a word is typed in the Glossary's " find"

.

function, its definitions are displayed. If a letter is typed, the display moves to the first instance of
words beginning with that letter. If the desired word is displayed in the window, double clicking on it
with the mouse displays the deSnition. The glossary is not yet specifically tailored to the Guideline.
Definitions can be saved by pushing the Add to Holder button, and then the Save button. The
defir'Jtion can also be printed by pushing the button labeled Print.

Secondan Document Suwort Functions. Searching the guidelines for a given term may be accom-
plished in three ways Pressing the Search button causes a dialogue box to be displayed that allows
the reviewer to enter the search term. Upon pressing the OK button, a field. independent search for
the term is initiated (see Fipre 4.8). Clicking on the current search term (shown to the right of the
Search button) also initiates a field independent search. Clicking in a specific field while holding
down the Shift key limits the search to the selected field. All searches proceed from the current
guideline forward through the document. The search will continue forward past the last guideline in
the document and continue through the beginning (like searching through a circular nard file).

The Clear All Evaluations button causes all reviewer's evaluations and comments to be
removed. The reviewer is asked three times if they are sure they want to clear all evaluation.

When Report is selected, the report specification screen is presented (see Figure 4.9). The
- scre,n displays the number of guidelines passed, failed, designated not applicable, or marked for later

review. The reviewer may chose to include any or all of these evaluation categories in the summary.
Pressing the Build Summary button causes the spec,1fied summary to be generated and t!.c summary
report screen to be displayed (see Figure 4.10). The report can include all or as few as one guideline.
The guidelines included in the summary appear in a window. The content of the summary can be
viewed by using the navigation buttons (Page Up, Page Down, Top, Bottom) at the lower ri;,ht of the
screen. From this screen it is also possible to print the summary to a text file (by pressing Export ,

Summary), send the summary to a printer (Print Summary), or return to the Report Specification
screen.

.
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4.5J . System Helpf

. On.line help is available from the main screen through the Help button. When depressed,
the help window is displayed and the user is provided instructions on how to utilize the help function-
_(see Figure d.11). While in help the reviewer can point to anything on the screen and the help

-

window describes the section of the screen and indicated how the selected function operates. Help is -
also available for the glossary and index functions.

m..,
. ......... .. ..... ... ..._. .._..._ _..._m._,

. ....

Help for RCR GLsooit Helpj - :

- (uu< Click and Drag the Tit)e Bar of this Message to move it. nnn h ,

uuuu To get help on sn individualitem; click on the item. nn>n> }"
*

uu< To restre this message, Click and Drag the Reske button, nun
!!

This program contains a H9pertext version of the Human Factors Guidelines :a

for Advanced Centre 1 Reems developed by the Nuclear Regulatory [- *

Commission.

Hyper ACROLs fellevs the Card metapher p'epularized by Apple's HyperCard,

program. Each guideline is contained in a separate card. Each card has Q
D

- , .... - -

Figure 4.11. Help Screen Display-

,

4.5.6 ' Culdelines Editing Functions

Simple text editing capabilities are available in HyperCard, such as block definition, text. ~.

deletion and text insertion, At this time, major editing is accomplished by exporting the guidelines _to
a word processing program. When editing is completed the guidelines are read back into HyperCard.

-

- . - *-

- .
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I
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GUIDELINE TESTS, EVALUATIONS, AND MODIFICATIONS5.

Thir, tection will dewribe the test and evaluation (T&E) program which is currently underway.
describe the general objectives and approaches planned. At present, only theSection 3.1 wil:

development test is completed. A summary of this evaluation is presented in Section 5.2.

5.1 General Test Procrem

5.1.1 Objectives

)The primary purpose of the T&E program is to assess the Guideline in terms ofits rechnicalmeritd control room
for achieving the NRC goal of developing a tool for the human factors review of advar
technology. A secondary purpose is to evaluate the general usability of the docuo.ut as an aid to
reviewers for meeting the primary objective. Thus the overall objectives of the program can be

technical content and case of Guidelinecoaceptualized as being didded into two categories:
implementation as a review aid. The specific objectives in each categary are elaborated below.

5.1.1.1 Technical Content Objectives

Guldeline Technical Basis Vallditye

To determine if the technical basis of the guideline is valid, i.e., based upon
empirical research and/or consistent with current humt.n engineering practice.

.

Guideline Scope*

To determine if the guideline covers all aspects of advanced controls and displays
required 'or the evaluation of advanced control rooms and/or advanced

.

technology re.tmSts in existing plants (note that the scope of the Guideline was
limited to mmpute sted HSI, thus it does not presently contain guidance for
tradition 9 contre'. tam technologies such as those found in NUREG 0700).

. ..

To determine if tne review areas for
. avallat'|c guidance is deficient or

.

missing have !.a .n identified.

Guideilne Content*

To determine if the topical organization is appropriate for conducting a review..

To determine if the guidelines presented in each section are adequate for the.

evaluation of HSis in the areas covered.

To determine if the information available for each guideline is sufficient to.

prodde a basis for evaluation.*

To determine whether the inform. tin is presented at an appropriate level of.

resolution (e.g, enough detail but not overly prescriptive).
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.

To determine 11 there are any internal conflicts of contradictions in the
.

Guideline.

5.1.1.2 Guideline 12nplernentation Objectives

Requirements Analysis (The intent of this set of objectives is to determine whether the
requirements (for inrpection, dcumeat functionality, hardware design, and general

e

usability) as set forth in the Guldtune development process (see the Task 4 report) were
appropriate and properly implemented).

To determine if the Guideline achieves the requirements as identlSed in the
requirements analysis (described most completely in the Task 4 report).

.

To determine if the requirements are appropriate (are any of the specified
requirements unnecessary or do any require modification).

. .

To determine if the requirements are suffic!cnt or whether additior,al require-
.

ments should be specified.

Where appropriate, to determine if the requirements are adequately implement..

ed.

General User interface Design*

To determine if the interactive document conforms to human factors engineering
(HFE) guidelines for human system interface (HSI) design,

.

Interactive Document Functionalitye

To determine if the HS! supports the primary task related functions of -
.

evaluation and guideline :diting..

.

To determine if the built in document functions (such as table of contents,"
.

glossary, index) are necessary and sufficient.

To determine if the built in location landmark features (such as Section headers,
etc.) and navigation functions (such as the Hyparcard browsing functions and

.

launching features of the table of contents and index) are necessary and
sufficient.

.

To determine if the search functions are necessary and sufficient..

To determine if the evaluation, note taking, and reporting functions are
.

necessary and sufficient.
..

Interactive Document Usability*

To determine if the document is easy ta use (i.e., is its usage easy to learn,
.

Intuitive, and unobtrusive to the primary task of conducting an evaluation). .

.
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To evaluate the benefits and limitations to conducting evaluations with an
interactive, computer based document when compared with a hard-copy

.

document.

5.1.2 Test and Daluation Approaches

Not all these T&E objective, can be accomplished in one test, ney will be accomplished across
three project tasks, each using a different methodoloD*.

Development Test*
e User Test

peer Review Workshope

A brief description ot each T&E task will be provided along with the general objectives to be assessed
in each.

Dereforment Ttg

The Development Test provided a preliminary evaluation of the untested prototype Guideline
and provided an opportunity to correct major problems prior to subsequent testing. The Guideline was
evaluated by the project staff using a varicry of review methodologies in order to assess the Guideline
implementation objectives, especially the requirements analysis and general user interface design
objectives. The Development Test included a limited field evaluation, also conducted by the project staff.
The field test was the Srst time the Guideline was used to assess a NPP interface. The purpose of the

(1) provide the project staff with expetience in the document's utillzation for its
intended purpose, (2) to provide a preliminary and partial assessment of the Guideline Technical Content
f eld test was to:

objective, and (3) to provide a pilot test of the procedures and evaluation methods to be used in the User
Test. The results of the Development Test were used to modify the Guideline, as well as the testing
protocol,in preparation of the more extensive User Test. (De Development Test is described in more
detail in Section 5.2.)

User Test
I

-

The User Test will be a field test of the Guideline in an emironment of greater fidelity to an
advanced control room and encompassing a greater diversity of advanced control room technologies than
the Development test. The user test will also utilize independent reviewers to conduct the evaluation
rather than the project staff. Therefore, the User Test is a simulation of the actual Guideline utilization.
Both Technical Content and Guideline implementation objectives will be assessed. With respect to
Technical Content, the objectives of Guideline Scope and Guideline Content will be evaluated. Sinceg
the test participants are novice with respect to use of the interactive document, the User Test is wellSpeciScally, the objectives of
suited for evaluation of the Guideline Implementation objectives.
requirements analysis evaluation, electronic document functionality, and usability as an inspection aid will
be evaluated. The results of the User Test will be used to develop recommendations for Guideline
modification.'

Peer Review %rblwr

The third T&E task is the Peer Review Workshop. At present, the workshop is expected to last
2 3 days and will involve approximately 1015 participants. De individuals will be selected based upon
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:

(1) human factors evaluations for advanced systems, (2) ,

their expertise in at least one of the following: |
inspections of NPP CRs, (3) NRC regulatory reviews and issues, and (4) advanced nuclear power plant|
control room technology. Thus the Guldeline will be evaluated by independent experts. The workshop

|

w(U provide a different type of evaluation than the two testing tasks and can address the broader aspectsof the Guideline, such as the general approach to advanced control room resiew and the Guideline's-

value in meeting the NRC's need to evaluate advanced HSI. De workshop will assess objectives which
cannot be adequately addressed in the other T&E tasks, i.e., the validity and technical basis for the
Guideline. The workshop wiu also provide a ged method to evaluate other Technical Content objectives
(which are also addressed in the testing tasks): Guideline Scope and Guideline Content. However, given
the workshop participants' more limited exposure to the Guideline in its electronle form, the workshop|

Is not u strong a method of evaluating the Guideline implementation objectives in comparison to the
,

|
Development and User Tests; although selected aspects of the Requirements Analysis Evaluation will
be addressed in the workshop.

o

Results from the User Test and Workshop will be used to modify the Guideline (as Revision 3).
.

With Revision 3, the first complete draft of the Guideline will be completed.

5.2 Development Test

The Development Test results are reported in BNL Technical Report No. L 1317-411/91 and~

the modifications made to the Guideline based upon these results are presented in DNL Technical
Report No. 1 1317 5 12.91.

5.2.1 Test Objectives and Overview

The Development Test provided a preliminary evaluation of the untested prototype Guideline
The Guideline was ;

and an opportuntry to correct interface problems prior to subsequent testing.'

evaluated by the project staff using a variety of review methodologies in order to assess the Guideline
Implementation objectives, especiaUy the requirements analysis and general user interface design
objectives. The Development Test included a limited field evaluation, also conducted by the project staff.

'

The Geld test was the first time the Guideline was used to assess a NPP human system interface. The
--

purpose of the Geld test was to (1) provide the project staff with experience in the document's utilization
-

for its intended purpose, (2) to preside a preliminary and partial assessment of the Guideline Technical
-

Content objective, and (3) to provide a pilot test of the procedures and evaluation methods to be used
in the User Test, ne results of the Development Test will be used to modify the Guideline, as well as
the testing protocol,in preparation for the more extensive User Test.

The Project-related objectives for the Development Test are as follows:

Limited Guideline Content Assessment .
*

Requirements Analysis Evaluation*

General User Interface Design Evaluation*

Document Functionality Evaluation*

UsabDity as a Review Aid Evaluation*

5-4
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Two additional Development Test objectives were to:

develop recommendations for modifications to the Guideline to improve its use as ae
evaluation tool for '.he User Test, and,

provide a pilot test of the test methodology arid measures so they could be improved fore

the User Test.

5.22 General Methodology and Results

a function implementation
The Development Test consisted of three types of evaluations: The Function

evaluation, a human factors engineering (HFE) review, and a ilmited field test.
Implementation Evaluation was designed to test the case with wnich novice users understand the
interface and can use the document's many functions. For the HFE teview, the project staff enluated
the user interface design of the electronic document using the guldelines contained in the Guideline itself.
The Field Test was designed so that the Project team could evaluate the Guideline's technical contentA variety of data were
and interface for conducting an evalualma in a control room environment.
collected during and following the evaluatk/as, including rating scales, questionnaires, and both user and

The major findings are discussed below. It should be noted that thetest conductor comments.
Development Test was not a formal experiment and that the results are based on a relatively small

-

number of participants v30 were mainly project personnel (although not involved in the interactive
document development) A!! results should be c,nsidered with this limitation in mind.

Most
General Guideline usability was found to be quite good for an unte-.. d prototype.

interface charactaistics thought to be indicative of usability (such as visual clarity, consistency,
explicitness, case of use, case oflearning and remembering, response time, etc.)were rated highly. Some
difficulties were encountered mainly in the areas ofinput devices, reporting and help functions. Thus,
good progress has been made toward the design objective of developing a straightforward and intuitive
interface for reviewers who are not already familiar the host computer system.

While u' :rs indicated that improvemer.ts in screen desigt And organization can be achieved, the
Some inconsistencies in appearance and

Guideline was judged to be easy to use and readable. Most of the, functions and controls were
.

functioning across different display screens were noted.
evaluated as highly useful and easy to use. The exception to the highly useful category was the glossary
function. Since the glossary was not tallored to the Guideline, many terms for which definitions were
needed were not in the glossay In additlan, several mntrol# functions were evaluated as not being easy
to use. This included the evaluation function,information input functions, and the reporting function.
The evaluation function wu hindered by the lack of adequate guideline selection support. In addition,
users indicated a need for a method of identifying apphcable guidelines for which they were unable to
make an immediate pass / fall determinatloc, i.e., it was considered important to be able to distinguish
*pending* cvaluations from guidelines that were judged "not applicable * or those that the reviewer had
not yet accessed. The exclusive re!!ance on using the mouse /trackball for evaluation and navigation
functions was considered time consuming and tedious. Most users indicated a desire for using command
(keyboard) inputs for these functions. Finally, the reporting function did not always work properly and
was very time consuming.

The technical content of many guidelines was sufficiently abstract as to create difficultywhen used
for evaluation purposes. This problem ieflects a generally recognized limitation of guidelines in the area
of advanced technology human system interface and of human computer interface guidelines in particular.
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The reasons for this problem are many and include limitations in the technical basis for guidance
development due to deficiencies in both scientlSc knowledge and industry crperience with advanced
technology. loconsistent wording also contributed to the users' difficulty with some guidelines, in
addition, the guidelines were judged to be too detailed in some areas and to contain redundancy. While
an effort to correct these problems had been made prior to the Development test, there were over 1900
guidelines and the complete c!!mination of all redundancy and clariScation of all terminology had not
successfully been accomplished.

Based upon these results, modifications to the Guideline were recommended, including redesign
of the inspection / review screen (as now represented in Revision 2), improvements to existing functions
wh*:e problems were noted, and the addition of several new functions. The Guideline was also reviewed.

technically in order to:

Imprme Conirni-The guidelines were reviewca to climinate redundancy, review and
revise technical terminology to ensure better consistency throughout the document, and

. .

to ensure better consistency between the titles and contents of each section.

Imprwe User Accen to Guldelines The tiered approach to guideline access was
developed (as described in Section 3) to enable reviewers to begin at a higher level of

e

review without requiring them to access allindividual guidelines unless/until necessary.,

"

These modiScations resulted the present version of the Guideline (Revision 2) and the
elimination of several hundred guidelines.

. .
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IDENTIFICATION OF IIFE 1151 AREAS IACKING ADEQUATE GUIDELINES6,

New guidelines are indicated where gaps exist between the identl0 cation of areas for which
guldance is needed and the guidance available in the primary source documents. This comparison
resulted in a preliminary list topic areas requiring further guidance development. (A more comprehen.
sive list will be developed following testing of the Guideline document through actual application.)

Interration of Advanced Technolorv Into Conventional Control Rooms

As plants age and equipment is replaced, the opportunity to replace systems with digital
technology increases. As a result, the control room bemmes an increasing mix of conventional and
advanced technology. The introduction of digital technology into a mnventional CR can pose 1,afety
issues since the operator's tasks and methods ofinteracting with the system can change. Guidelines for
the review this integration are needed.

b)1tm Svctems

Thw human factors issues of NPP alarm systems have been persistent. Recent efforts to improve
these systems have incorporated alarm filtering and prioritization techniques, and more sophisticated
method of alarm display (see O'Hara,1991 for a review of human factors issues associated with advanced
alarm systems). Review guidance on these characteristics are needed (and the NRC currently has a
project underway to develop this guidance).

Comouter Based Pmeedures

Procedures (especially emergency operating procedures) play an important role in NPP safety.
In some cases theIn several ACR designs, procedures are presented in computerized form.

computerization is simple and merely represents a VDU version of paper procedures. In other cases the
procedures are fully integrated with the plant DMS. Guidance for the review of the computerization of
procedures and for the integration of procedures with plant data are needed.

Automatior Methodolories

Advanced reactor designs will likely involve more sophisticated interactions between operators
and automated systems than currently exists (see IAEA,1991). This will include task sharing, task
trading, and sequence automation, e.g., at certain way points the automated process stops until the
operator authorizes the system to proceed. Thus, the operator plays a more active ' monitoring" role than
is traditionally the case with automated processes. Guidelines for these types of human system
interaction are not available and need to be developed.

Intellicent Ormtor Aids

Operators in future CRs will be provided with many different types of Intelligent aids. Despite
the emergence many books on the subject, the availability of * validated * human factors guidelines for
these systems is limited as is industry experience with their use in actual systems (as opposed to

.

laboratory studies).
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Interface Manarement and Navirational Straterles
.

As discussed in Section 2, managing the interface of a computer based workstation and successful
navigation through the data available can impose significant workload on the operator which is not
related to his primary task of monitoring and supervising the process mntrol system. This ' secondary *
task will mmpete for cognitive resources which would be better allocated to the primary task. Further
research is needed on the balance between workstation Dexibility and the imposition of interface
management workload on operators.

Graphical Presentation of Data

There exist a vast number of graphic display techniques for representing numerical data (e.g.,
pattern charts, simulated meters, surface charts, segmented column histograms) that are precently found
on VDTs. In order to make the most effective use of these screen design techniques, more research is
needed on understanding the effects of various graphic data display techniques have on operator

.

perception and assimilation ofinformation, Speel5c areas where more research is needed include the use
of highlighting, spatial relationships, and animation (see Tullis,1988, for a detailed discursion of these

In addition, additional guidance on the appropriate application of different graphic display
areas).
techniques is needed.

Stereoscoole and Virtual Imste Dimlns

Three dimensional (stereosmpic) and virtual image display tectinology has been the subject of
a great deal of research in recent years. The technology for these display techniques has noticeably'

increased and shows considerable promise for commercial applications. However, the psychophysical
concepts, measurement techniques, and subjective evaluation data for virtual image three-dimensional
displays are nonexistent, at.? are in need of human factors research.

Visual Dimlav Hardware Characteristics
~'

Human factors guidelines wete found to be lacking for many of the variables which imptet the
readability and legibility of visual display terminals (see Snyder and Bogle,1989, for a detailed discussion
of these areas). Specific areas where additional guidelines are needed include:

-

The measurement of raster modulation for color displays,*

Determination of appropriate maxir'num character and background contrast ratio,*

Determination of polarity recommendations, ,*

The measurement of display resolution for color CRT and Oat panel screens,*

A requirement for luminance uniformity (acceptable variation in luminance),*

Selection and specification of suitable color coding metrics and ccior spaces,*

Character, line, and word spacing for emissive displays, and*

Flicker senrittvity.*

6-2
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Flat Panel Dimlen

Flat panel disiasys have been identi6ed as a potential display technology for use in a dvanced Npp
CRs of the future. Among these Cat panel displays are light emitting diodes (LEDs), plasma displan,
thin Gim electroluminescence (TFEL), electrochromics, electrophoretics, and liquid crystals (LC).
According to manufacturer speci5 cations, dat panel technology appears to be quite compatible with
requirements of the human visual system (e.g.,in terms of contrast and viewing angles). However,little
human factors guidance exists on these technologies, at least within the primary documents surveyed.

New input Devices

While many guidelines exist for the more traditional methods for interacting with VDTs (i.e.,
displacement keyboards), guidance for some of the rnore recently developed input mediums is sparse.
For example, very little human factors guidance was found for membrane keyboards, head movcment
controllers, glove controllers, and multi degree-of freedom (>3) handcontrollers. While more guidance
was found for other devices (e.g., mice, IJght pens, touch input devices), the guidance available is not as
complete as that which exists for displacement keyboards. Since keyboards have been the primary inputHowever, with the recent advances made in display
devices for computers, this is not surprising.
technt, logy, graphic displays are becoming more accessible. With the benefits associated with graphic
(direct manipulation) user interfaces, new methods for interacting with these displays are being explored
and human factors guidelines for these 'new' input devices are needed.
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INFORMATION DISPLAYl.0 Screen Organiution and Layout1.1
1.1.1 General

(Tier 2 Screen Organiution)
1.1.1 1 Reserved Screen AreasSpecific areas of the screen should te reserved for information such as commands, status
messages, and input fields; those areas should be consistent on all screens.
COhniENT: @)

(Tier 2 Screen Organiution)
Uncluttered Display Screens1.1.12

Display screens should te perceived as uncluttered.COaiMEN'T: Distribute the unused area to separate loF cal Froups, rather than having all unused area on one side.i

G)

(Tier 2 Screen Organlution)
1.1.1 3 Distinctive Display Elements

The different elements of a display format should be distinctive from one another.COMErw7: Diff erent display areas can be separated by spacing (where space permits). Outlining can also be useddistinct from each other. G)
to separate diff erent areas, so that dispisyed data, cor. trol options, instructions, etc., are

1.1.14 Data Displayed in Usable Form (Tier 2
Screen Organistion)

Data should be (lisplayed to users in directly usable form; users should not have to convert

COhiMENT: A user should not have to transpose, compute, interpolate, or translate displayed data into other units,displayed data.

(A.C.D.E)or refer to documentation to determine the meaning of displayed data.

(Tier 2 Consistency)
Data Display Consistent with User Conventions

Data should be displayed consistently with standards and conventions familiar to users.1.1.1 5

COMhni: (C E)

1.1.16 Establishing Display Standards (Tier 2 Consistency)

When no specific user conventions have been established, some consistent interface design
standards for data display should be adopted.
COMMENT: Both the itens on display and the displays themselves should be standardized. Two kinds of
standarduation are impanant: standardization of herns to a disphy and standardization of displays. Although
standanhzation is desirable,it should not take pecedence over de grouping principles of frequercy, sequence,
locations, and importarce. (B.E)

(Tier 2 - Consistency)
1.1.17 Display Consistent with Entry Require;ments
Data display should be consistent in word choice, format, and basic style vdth requirements for

COMMEN7: When composing data and control entries, users will tend to mimic the vocabulary, formats, and word
data and control entry.

order used in computer displays, including displayed data, labels, emr messages, and other farms of user guidance.
When entry formats are consistent with display formats, users are more tikely to compose an acceptable entry on
their first try. (C.D.E)

1.1.1-8 Consistent Wording (Tier 2 - Consistency)

For displayed data and labels, words should be chosen carefully and used consistently. COMMENT: Consistent word usage is particularly imponant ior technical terms. Stamiard terminology should be
defined and dccumented in a Elossary far reference by interface desigrers as well as by users. (A.E)

1.1.19 Consistent Grammatical Structure (Tier 2 - Consistency)
Consistent grammatical structure for data and labels should be used within and across displays.
COMMENT: Even minor inconststercies can distract a user and dehy comprehension as the user wonders(A,E)
momentarily whether some apparent difference repesents a real difference,

Pore 1 \
Section 1: Information Display I
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1.1.1 10 Consistent Format Organization (Tier 2 - Consistency)
A consistent organization should be adopted for the location of various display features from one'

display to another.COhnENT: For example, one location might te used consistently for a display title, another area might beerror

reserved for data output by the computer, and other areas deds:ated to display of control opuons,instmeuons,As an excepuon,it rnyht be desirable to change display fonnats in some
splays of any parucular t>Temeasages, and user command entry.

daunctive way to help a user distinguish one taAk rr activny fmm another, but tFThe obpctive is to dewp display f ormats that are
should still to formatted consistently among themselves.
consistent with accepted usage and esisung user habits. Consistent display fcemats will help estabhsh and preserve

There is no fixed display format that is optimum for all data handhng applicanons, since
applications will vary in their requirements. However, once a suitable format has teen devised it should teuser onentation.

(E)
mamtained as a pat'em to ensure consistent design of other displays.

1.1.1 11 Familiar Wording (Tier 2 - Meaningfulness)
The wording of displayed data and labels should incorporate f amiliar terms and the task oriented
jargon of the users, and avoid the unf annliar jargon of designers and programmers,
COhnENT: (AI)

1.1.1 12 Necessary Data Displayed (Tier 2
Task Compatibility)

All data required for any transaction should be available for display.
COhthEhT: Dtsplayed dath :hould be tilored to user needs, providmg only necessary and immediately usable data

(E)
for any transacuan; disp * should not te overloaded with extraneous data.

1.1.1 13 Consolidation of Information (Tier 2
Task Compatibility)

All data related to one tast should be simultaneously displayed. (B)
A user should not have to remember data from one saten to the next.

,

COhihEh7:

1.1.1-14 User Control of Data Display (Tier 2 Task Compatibility)

Users should be able to control the amount, format, and complexity of displayed data as necessary
to meet task requirements.
COhBENT: (AI)

1.1.1 15 Date/ Time Annotation (Tier 2
Task Compatibility)

When task performance requires or implies the need to assess currency of infomtation, displays
should be annotated with date time information.
COhBENT: (A)

1.1.1 16 Context for Displayed Data (Tier 2 Memory Load)

Each data display should provide needed context, recapitulating prior data as necessary so that a
user does not have to rely on memory to interpret new data. -

COhBEh7: (CE)

1.1.1 17 Invariant Display Fields (Tier 2 General)
An invariant field, including the page title, an alphanumeric designator, the time, and the date,
should be placed at the top of each display page.
COhBENT: The pge title should indics:e the purpcse of the display,is in a conststent location on each page, and
is separated by at least ore blank line from other informanon. The alphanumaic designator prmides a convenient
means for accessing display pages, identifying them, relerring to display pages in discussions, and reponing
problems in page fcrmats. The designator should te meaningtul enough to be easily teamed and rememberr4 as well(D)
as te compatible with the designation scherne applied to hardsind insmtments en panels.

1.1,1 18 Frame Identification (Tier 2 - General)
Every display frame should have a unique identification to provide a reference for use in requesting

the display of that frame.COhSENT: The frame identifteation should te an alphanumeric code or an abbreviation which is prominently
displayed in a conststent location. It should te shon enough O 7 charactus) anSor meaningtul enough to be teamed
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and rememtered easily. (C)

1.1.1 19 Display of Information (Tier 2 . General)
Whenever possible, users should be able to see the whole page on which they are working.
cohntEtm (A)

1.1.1 2G Information Density (Tier 2 . General)
Information density should be minimized in displays used for critical task sequences.
COhiMENT: For entical information, a minimum of one character space should le leh blartk vertically above and
below entical information, with a minimurn of two dwarter spaces lefI blank horizontally before and after.

,

(A.C.D)

1.1.1 21 Display Background (Tier 2 - General)
Because the background color on a display does not present any information,it should not distract
the user from the data.
COhihENT: (A)

1.1.1 22 Frame Identifier Demarcation (Tier 3
Design Details)

At least one blank line betweut the tide and the body of the display should be provided.
COhthENT: (A.E)

1.1.1 23 liierarchy of Titles (Tier 3 . Design Details)
Where displays have several levels of tides (and/or labels), the system should provide visual cues
to aid users in distinguishing among the levels in the hierarchy.
COhihiENT; Character size variation and indentation are two common methods of expressing a hierarchy Bolding,
underlining and letter case are also frequently used, but the method for their implementation has not been well
estabbshed. (D)

1.1.1 24 Variant Display Fields (Tier 3 Design Details)

The last four lines (at least) of each display page should be reserved for variant fields.
COhniENT: Vanant information might Irelude alarm messages, data source identification tie page number for
consecutive pages, system messages (e.g., standby subsystems), ermt messages, response entry prompts, and
progr..n messages. (B)

1.1.1 25 Screen Packing Density (Tier 3 . Design Details)
Screen packing density should not exceed 50% and preferably should be less than 25%.
COhihENT: (B)

Display Background Color (Tier 3 Design Details)s

1.1.1 26
Only one background color should be used on a display.
COhthENT: Background color can influence the way a user interprets a colm symbol (e.g., shape. lines). When a

color symbol or figure is surrounded by another color, the surrounding colm can change the appearance of theenclosed color. For esample, green on a yellow background will appear more blue than the same stude of green on a
blue background. (A)

1.1.1 27 Display Background Contrast (Tier 3 - Design Details)
The background color should be of an appropdate hue / contrast to allow the data (foreground) to be
easily visible.
COhihENT: (A)

1.1.1 28 Ilardcopy Request (Tier 3 Design Details)
Users should be able to obtain a paper copy of the exact contents of the alphanumede or digital

,

graphic displays
COMhtENT: (A)

1.1.1 29 Flexible Design for Data Display (Tier 3
Design Details)

.
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When data display requirements may change, means for users (or a system administrator) to trutke
necessary changes to display fiinctions should te provided.
COhihENT: (E)
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1.0 INFORh1AT10N DISPLAY
1.1 Screen Organization and Layout
1.1.2 h1ultiple Pages

Data Partitioning on Crowded Displays (Tier 1. Use)
Wl.en a display contains too much data for presentation in a single frame, the data should be1.1.21

partitioned mio separately displayable pages.
COhihtENT: ( A.C.E)

(Tier 2 . Task Compatibility)
1.1.22 Important Information Displayed First
Required or frequently used data elements should be included on the earliest screens in the
application transaction.
COhihiENT: (D)

1.1.23 Position Within Functional Hierarchy (Tier 2 . Task Compatibility)
Infonnation about a user's position in a functional hierarchy of tasks or task steps and their related
displays should be provided. .

COhthENT: For example by graphicalrepresentadons. (D)

(Tier 2 Task Compatibility)
1.1.24 Navigation Through Functional liierarchy
Users should be able to move to any other display in the display sequence. (D)
COhihENT: For example,by selecting a graphica) representadon of the display for a given task step.

1.1.25 Sequential Steps on hiultipage Displays (Tier 2
Task Compatibility)

When actions on one display in a sequence requiit completion of actions on a previous display, the
user should be able to move to a display only when all of the conditions have been met.

(D)COhibiENT: Or when an intentional override procedure has teen completed.

1.1.26 Position Reference for Sequential Displays (Tier 2
Task Compatibility)

User's working with a designed sequence of displays performing well-defined sequence of task
steps should be provided with a position location reference within the display sequence.
COhthe:Nr: (D)

1.1.2 7 h1uttitasking Independent Tasks (Tier 2
Task Comptibility)

During multitasking where tasks do not require integration, they should be designed to present

information to different sensory modalities.COhBGhT: For example, a visual tracking task and search for a particular icon (independent tasks) should not be
concurrent tecause both are spatial in nature. In contrast, verbal communication with another pan of the plant and

(D)scarth for a panicular icon could te performed simultaneously,if necessary.

1.1.28 h1ultitasking Dependent Tasks (Tier 2. Task Compatibility)
Whenever multitasking involves tasks that are not independent (i.e require integmtion), the tasks
should be designed to access the same pools of processing resources (i.e., verbal, spatial,
auditory, visual, etc.).
COMhEhT: For example,if two values must te compared (integntion),both values should be displayed visually,
rather than one displayed visually and the other in the auditory dimension. Time-shanng is less efficient if tre twoi
tasks require resources from the same pool. When the tasks require integration of infcaTnation. perfomance s
benefitted if the same pool of resotates is m 4 (D)

hiinimize hiemory Load (Tier 2 hiemory Load)
1.1.249
Page design and content planning should minimize requuements for operator memory.
CohthtENT: (B)

1.1.2 10 On. Screen Help for Continuing (Tier 2 Feedback)

Displays should indicate how to continue.COMhEhi: "Ihe user response that is necessary to continue the interaction seqterce should be indicated on erh|
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(Tier 2 . Feedback) h ve from

A mesure should te available that provides explicit information to the user on ow to mo1.1.2 11 Navigation hiessages

one frame to another or how to select a different display.
COhthiEA: 06)

1.1.2 12 Numbering Display Pages (Tier 2 . General) l
When display output is more than one page, each page should te annotated to indicate disp ay

bd t aring.
COhthtEN*T: If alarge display output is viewed by conttnuous panning /scrotling rathes than y iscre e phich is currently visible. Typit. ally, thecontinuauon.

then sorne other rneam must be used to label that portion of the display widentify pages by a note

phne.e *pape x of >* ts commonly used for dus purpme. A recommended formal is tod in the display of page numters.t
immediately to the rirht of the duplay utle. Indmg rrros should not e use
(C.E)

1.1.2 13 Itclated Data un Same Page (Tier 2 . General) l d

When parttioning displays into mtduple pages, functionally related data items should be disp aye
t

COhtMEh7; Relatiorts arming data set.t should appear in an interrated display rather than paruuoned into segura etogether on one page.

windows. ( A.C.E)

1.1.2 14 1.abels for Multipage Tables (Tier 2 . General)
For a large table that exceeds the capacity of one display frame, users should see column headings
and row labels in all displayed sections of the table.
COMhtENT: (E)

(Tier 3 - Design Details)
Continuous Numbering in Multipage Lists

When a list of numbered items exceeds one display p ,ge, the items should be numtered1.1.2 15

continuously in relation to the first item on the first page.For example, items continued on de nex page should te numbered relative to die last item on de
COMMENT:
previous page (C,E)

Annotating Display of Continued Data (Tier 3
Design Details)

When lists or tables are of variable length, and may extend beyond the limits of one display frame,1.1.2 16 ldd
a user should be informed when data are continued on another page and when data are conc u e

'

COMMEhi: For example, incomplete lisu might be rnarled ' continued on next page,* * continued,' or 'rnort. Con:ludtng lists migt.t display a note stch as 'end of hst' or *end.' As an exception, shon hsts whose conclus on
on the present page,

i

(E)
is evident from the display iminal need tot be antotated in tids way.

I
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l.0 INFORMATION DISPLAY
Screen Organization and Layout1.1

1.1.3 Grouping
(Tier 2 Sequencing and Grouping)

1.1.3 1 Data Grouped by Sequence of Use
Where displayed data are used in some spatial or temporal order, those data should be group-J by
sequence of use to preserve that order.COhihiEh7: For example, data in an electmrde disphy should match the uder of items in an associated paper dath
fonn. (CI)
1.1.32 Data Grouped by Function (Tier 2 - Sequencing and Grouping)
Where sets of data are associated with panicular questions or related to particular fvnetions, each
set should be grouped together to help illustrate those functional relationships.
COhihiENT: (CI)

(Tier 2. Sequencing and Grouping)
1.1.3 3 Data Grouped by importance
Displayed data items which are particularly important should be pouped at the top of the display.
COhnfENT: (CI)

(Tier 2 . Sequencing and Grouping)
Where some data items are used more frequently than others, those items should be pouped at the1.1.3 4 Data Grouped by Frequency

top of the display.
COhtMENT: (CE)

Data Grouped Alphabetically or Chronologically (Tier 2
Sequencing

1.1.3 5
and Grouping)
When there is no appropriate logic for grouping data by sequence, function, frequency or
importance, some other principle should be adopted such as alphabetical or chronological
pouping.
COhihiEh7: (E)

(Tier 2 Sequencing ant. Grouping)1.1.3 6 Within Grou? Arrangement
Similar information shot 0d be displayed in poups according to the left to-right or top-to-bottom
rules.
COhihtENT: (B)

1.1.37 Group Size (Tier 2 Sequencing and Grouping)
Related data should be displayed in groups which subtend five degrees of visual angle or less.
Groups should be visually distinct from one another (D)
COMMENT: Fcr example, by separation from other smups with blank spaces.

1.1.38 Grouping for Data Comparison (Tier 2 Meaningfulness)

If users must analyze sets of data to discern similarities, differences, trends, and telationships, the
display femat should be structured so that the data are consistently grouped.
COMMENT: Disphys should pmvide cohesive groupings of disphy clenats so that users perceive large screens as
consisting of smaller identifiable pieces a chunks. Omuping techrdques (e.g., gmuping by color, shape, spanal
distance, orientation, type of characta, etc.) should be used to smup fuminuny similar inhrnnation ard to irdicate
membership in a common group. (D.E)

1.1.3 9 Group Data to Support Task Completion (Tier 2
Task Compatibility)

All displayed data necessary to support an operator activity or sequence of activities should be

grouped together. COMMENT: Gmuping sundar items together in a disphy fcrmat improves their readability and can highlight
rehtionships between different smups of data. Grouptng can be used to povide structure in the disphy and aid in the

(B)recognition and identifkation of specific items of infonnation. )
Page 7
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1.1.3 10 Demarcation of Groups (Tier 2 General)

Groups of information should be separated by blanks, lines, color coding, or other means.
COhihiENT: ( A,C.E)

(Tier 3 . Design Details)
1.1.3 11 Grouping Within Ifigh Density Displays
Displays with high information density should have an intennediate number of groups (i.e.,19 to
40 groups), if inherent functional groups of data exist, then they should te preserved.
COhihiEhT; A display with a low number of groups lacks clear orpnization and is difficult to work with. A
display with too many gmups yields performarce equally had because the grouping information is dispersed. An

(D)intermediate number of gmups yields the best performance.

Spacing as a Redundant Demarcation Technique -(Tier 3
Design

1.1.3 12
Details)
Spatial distance should be used for redundant coding when possible.
COhihiEh7: Although data grouping techniques have been found to be task dependent. gmupmg tused on location
has teen Fenerally successful a:ms: a variety of tasks. l.trnitanons are physical screen size and amount of
irtfarmation to te displayed. (D)

1.1.3 13 Combining Dissimilar Data G*oups (Tier 3 - Design Details)
Display items possessing two attributes should not

be displayed between two groups ofitems

which share one attribute each with the double attribute item.COhihfENT: For example, do not display a poup of activated Boron Recovery System elements between a group
of activated Electrical Power System elements and a group of irmetive Boron Recovery System elements.
Conjunctive stirnuti which are displayed between two poups of clernents sharing one dimension each with the
conjunctive stimulus art very difficult to detect. (D)

.

m

-

Page8
Section 1: Information Display

_ , - ___



.. .

t .

INFORMATION DISPLAY
|

1.0 Screen Organization and Layout |
1.1 :

1.1.4 Windows
1.1.4.1 General !

1.1.4.1 1 Temporal Proximity of Data (Tier 1 - Use)
A sequence of displays with which the user will have to interact in close temporal proximity should|

be contained in !.epare.te windows which can be displayed simultaneously or nearly!

simultaneously,
CO, ' MEN 7: (D)

(Tier 1 - Use)2.12 Appropriate Use of Window d r's should be

. 9 the need to jointly view different data cannot be determined in a vance, useto define and select separate data windows that will share a single display rame.
1.1

fL

COMMEh7: Degnding upon user needs (and systern capabilny). data windows might appear simultaneously asabl:
(l.c.

segments of a joint display (i.e tiled),might be overlaid in varying degrees so as to obscure one anotherlayrred).or might be displayed sequentially at the user's opdon tn the Initer condition, muluple display windows(A.E)
will differ hule from multiple dirplay pages, except perhaps in speed of sequential access.

1.1.4.13 Consistent Window Control (Tier 2
Consistency),

User control of windows should operate consistently from one display to another for each type of
COMMENT: Control of predefmed windows may simply involve * opening * and ' closing * them, by selection ofwindow.

duplayed opuon labels or function keys. Control of user. defined windows may require user specification of window
contents, window size and pasitioning on the display. Such window control must be teamed by a user, and
consistent design of control logic aids that teaming. (A.E)

1.1.4.1-4
Selection of Window Functions (Tier 2 - Task Compatibility)

The capabilities present in a window should be a function of how the user will interact with the
COMMEN7; For example, a window that simply presents a one-line status message frorr, the system that the userwindow.

d b sizeble,

will only read anu not respond to might need to only have the ability to be closed, it might not nee to e re
movable, etc. (A)

1.1.4.15 Window Functions (Tier 3
Design Details)\

As appropriate to the user task, windows should be capable of the following operr.tions:scroliing/ panning, resiring, moving, l.iding, activating, deactivating, copying to/from, zooming
in/out, tabbing, and undo-last,
COMMENT: (A)

1.1.4.1-6 Keeping Track of O aen Windows (Tier 3 Design Details)

Within a session, the system should ceep track of the windows thr.t are open (but not necessarily
activ a or displayed), and display them as a menu.

COMMEh7: (A)

Page9
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INFORMATION DISPLAY1.0 Screen Organization and Layout1.1
1.1.4 Windows
1.1.4.2 Display of Windows

(Tier 2 - Screen Organir.ation)
Windows should be visually separated from each other and from their background, preferably by1.1.4.21 Window Demarcation

borders or similar demarcation.
COhBENT: (A)

(Tier 2 . Flexibility of Use)
1.1.4.2-2 Tiled vs. Layered Windows
Users should have the capability to select between * tiling" and " overlapping" window
environments.
COhBIENT: (D)

(Tier 2 . General)Distinction Iletween Window Types1.1.4.2 3
Window types should be perceptually distinct.COhBENT: For example. inters:tive windows in both the tiled and layered window emironments should bed id
perceptua!Jy disunct from nordnteractive windows; and a:tive windows in both the tiled and layere w n ow(D)
emironments should be perceptually distinct from a other window types.

(Tier 2 - General)
Prioritization of Caution and Warning Windows

Caution and waming windows should have display priority under emergency conditions.1.1.4.2-4

COhBENT: (D)

1.1.4.25 Prioritization of Active Wint
. During Multitasking (Tier 2

Active windows should have display priority over all but the interactive window.General)

COhBENT: (D)

1.1.4.26 Nondestructive Overlay (Tier 2 General)
When a window temporarily obscures other displayed data, the obscuted data should not be
permanently emed but will reappear if the overlay is later removed.
COhBEhT: (A.2)

1.1.4.2-7
W!n60w Design (Tier 3 . Design Detalls)

Windows should have a rectangular shape. The wmdow should be framed by a border of a single
line. The frame should expand and contract with the window.
COhihENT: (D)

(Tier 3 Design
Default Window Size Consistent with Content1.1.4.2-8

The size and shape of the initial presentation of a window should be consatent with its contentsDetails)

(amount of information, number of menus, data fields, etc.)
COhBENT: (A)

Default Window Size for Scanning Data (Tier 3
Design Details)

The default size for text windows and windows used for scanning data shotdd be at least four lines1.1.4.2. 9

COhBENT: Window sizes of four lines provide better performance than those with fewer than four lines,of information.

Windows with twenty lines show little advantage over windows with four lines. Chher research has shown thatsearch time is slower in a 1.line window than in the next largest size (7 lines), but did not vary apprecia y amongbl

7,13, and 19 line windows. (A.D.E)

1.1.4.2 10 Window Default Width (Tier 3 - Design Details)
Page 10
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0 0

he default width for a generic sm window should cover from 67% to 100% of the full screen..
When users read cimttnc: sly scwiling :: xt (at a rate set by the user), line lengths of 52 to 78

COhihENT: (D)chart:ters ;rovide the f astest ;mf(smarce.

1.L4.2 11 Tile Default 'or Multiple Windows (Tier 3
Design Details)

Wh-n multiple windows are open simultaneously, the default condition should be a tiled window
env1,onm nt, provided that the size for each window is sufficient to hold usable, readable

COMMENT: A succested maximum number of tiled windowsis four. The sire of the tiled windows rnight beinformation.
(D)

approximately 1/n of the available dssniay, where n is the number of sindows.

1.1.4.2 12 Layered Windows as Default (Tier 3
Design Details)

When a tiled window environment results in windows of a sire that would reduce the user's abilityd

to use the inforrnation in the window, a layered window environment should be employe .COMhEh7: The layered windows can overlap and should be the def ault window site until resired by the user.
(D)

Page il
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1.0 INFORMATION DISPLAY
1.1 Screen Organization and Layout
1.1.4 Windom
1.1.4.3 Interacting with Windows

(Tier 2 Consistency)
Consistent Control Within Windowstaken by a user working within e window,1.1.4.31 *

When control actions such as command entry may indow to another.

those control actions should be consistent from on,COhihEh7: For example. cursor positioning concols should operate consistently within all windows. If controls(E)
in one window operate differently than in another, user confusion will be unavoidable.

(Tier 2 Minimizing User Actions)
1.1.4.32 Closing Windows
Users should be able to close a window with a sincie action.
COhihENT: A.E)

(Tier 2 - Minimiz:ng User Actions)
1.1.4.33 Easy Shifting mong Vs . sws
If several windows are displayed at once, srme easy means should be provided for a user to shift

COhihiEh7; The most direct method might be to allow a user to select a window by pointing anywhere within itsamong them.

displayed borders, but that a: tion might be confused with the sele:non of a pw. ula* item within the window.'

(AI)

1.1.4.3-4 Activation of Window Cursor (Tier 2 - Minimizing User Actions)
The action that puts a window into the interactive state should automatically place the placeholding
cursor in that window so that the user can provide inputs through that window.
COhihEh7: (D) b
1.1.4.3 5 Window Opening Methods (Tier 2 - Minimizing User Actions) 4" '
The user should be able to open a window by performing any of a set of simple actions.f
COMhfFNT: For example, windows may be opened by istaing a coramand to open a specific sindow; selecting a' -

(D)window utte from a tist on a Inemr. or selecting an icon for the window.

1.1.4.3 6 Activating a Previously Opened Window (Tier 2 - Flexibility of Use) (W ,.

The user should be able to put a window in the interactive state by performing r.ny of a set of

simple actions in that window or related to that window.COhthEhi; For example, by moving the pointing cursor to the window and perfe: ming any action, including
rJng a key or a bunon on a cansar control dJvice; a command to open a specifi: window; selecting a window title
fron- a !ist on a menu; or selecting an icon for the window. (D)

g (Tier 2 -
1.L 4.3-7 Multiple Methods for Switching Between Windows
Fictibility of Use)
The smtem dould provide the user several options for moving between active windows.

I (A)
COhihEN7: For example, clickuig a mouse button. tab, ausur keys. or function key.

1.1.4.3 8 Multi Modal Window Designation (Tier 2 - Feedback).

If windows are capable of different modes, the system should provide immediate and
unambiguous fer back concenung which mode is active.
COhihENT: (A)

1.1.4.3 9 Interacting with Closed Windows (Tier 2 - Feedback)
When the user is communicating with a closed window, the system should provide feedback hatF

|
clearly designates the window (s) involved.COhihiE'7: Communicating with a closed wir*dow entails sending or receiving information between windows,{

one of which may not be vaible. (A)

Page 12
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1.1.4.3 10 Movable Windows (Tier 2
General)

Window movement capability should be provided such that the user can move windows to
different areas of the display.
COhnENT: (D)

1.1.4.3 11 Organizing Layered Windows (Tier 2
General)

Users should have the capability of moving a window to the iront of or behind any or all other
windows.
COhBENT: (D)

1.1.4.3 12 Overlapping Tiled Windows (Tier 2 - General)
Users should have the abihty to move tiled windows so that they overlap.

$ COhSENT: (D)

1.1.43 13 Smooth Window Movement (Tier 2 - General)Movemem of a window should appear to be smooth and con nuous to the user.-

COhnENT: (D)

1.1.4.3 14 Moving Windows off Display (Tier 2
General)

Users should not be allowed to move windows entirely off the display.
COhBENT: (D)

1.1.4.3 15 Critical Function Area Obscurement (Tier 2 - General)Windows should not be movable to obscure menu bars, access to the command area, or caution
and warning messages.
COhmENT: (D)

1.1,4.3 16 Indicate Active Window (Tier 2 - General)
If several windows are displayed at once, indication should be provided to the user of which
window (if any) an action can currently be taken.

COhSENT: Adding windows to a display can increase the conceptual comphxity of contml a:tions as well as thetifficulty of data assimilation. A prominent cursor might be displayed in the currently active window or perhaps the3

(A.E)
disphyed border of an active window to indicate to a user whkh window is currently * active."

1.1.4 3-17 Hidden Windows (Tier 2 - General)
-

A window that is not displayed should be capable of sending and teceiving information.
COhBENT: (A)

1.1.43 18 Alerting User to Information Availability (Tier 2 - General)
The system should be capable of alexting the user to criticalinformation that becomes available in
an inactive or non-displayed window. -

COhSENT: (A)
,

User Alert to Prevent Loss of Information (Tier 2 - General)
if a user-requested action would result in lost or damaged data, the user shauld be alerted and7.1.4 3-19

alternative actions recommended. (A)COhSENT: For exaraple,"Save file before closing 7*

Keyboard Entry Within Active Window (Tier 2
General)

1.1.43 20
Keyboard input should affect only the active window designated by the user.
COhSENT: (A)

1.1.4 3-21 Retrieval of Window Information (Tier 3 - Design Details)
Users should have the capability to obtain information about any and all open windows.
COhSENT: At a minimum this information should include window name, type,and any process initiated
through and displayed in that window. (D)

Page 13
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\ (Tier 3 - Design Details)
Window Activates Upon Opening

The action that opens a window should automatically make that window active.1.1.43 22

COMhENT: (D) (Tier 3 - Design
User Control Over Window Resizing Options

1.1.43 23
(1) Resizing which does notDetails)

Users should be able to select between two resizing conditions: change the size of the window contents, and (2) Resizing in which the size of the win ow conten
d ts

inerrase or decrease with the changes in the size of the window.COMhENT: %c default condition should be resizing which does not change the size of the contents.Many uses o
fr

h t ing to fit a

resizing involve sizing the window to fit the graphical or textual contents of the window (e.g. w en rycomplex graphical object into alarge enough window to permit good resolution of elaborate deta s . ng d In contrast, a user might want to
il ) I such cases,

d h
the user would want tne object to remain the same size while the win ow c an e .en), but still be able to see thefh

tile a window (e.g., by decreasing its size and moving it to a corner o t e screcontents of the window. In sucis a case, the user would want the window contents to change n s zei i with the

window. (D)
(Tier 3 Desic

Independent Control Along Horizontal / Vertical Axis1.1.4.3-24

Users should be able to change the horizontal and vertical dimensions of a window independentlyDetails)

and with muumal effon.
COMhENT: (D)

1.1.4.3 25 Largest Allowable Window Size (Tier 3 - Design Details)
The upper limit for resizing a window should be the size of the computer screen.
COMhEh7: (D)

1.14326 Smallest Allowable Window Size (Tier 3 - Design Details)
The lower limit for resizing a window should be the size of the window title.

(D)COhSEh7: Users should be able to identify a window of any size.
(Tier 3 - Design

Accessibility to Partially Removed Windows1.1.43 27

Windows partially moved off the display should be made readily cecessible with a single action.Details)
-

COMhEh7: (D)

1.1.43 28 Scrcilable Windows (Tier 3 - Design Details)
The user should have the ability to scroll through the contents of a window both horizontally and
vertically,if scrolling is required at any pointin an application.
COhBEh7: (D)

(Tier 3 - Design
Command Entry, Prompts and Message Locatior.1.1.4 3-29

When separate command sets are assoctated with different display windows they should be shownDetails)

at the bottom of each window. (AC
COhSENT: For cumple options for display control such as size of the wirdow, positioning, etc.

(Tier 3 - Design
User Control of Automatic Updatable Windows1.1.4 3-30

Details)
Automatically updated windows should have display freeze capability.en11y updated informanon the user should have control over the rate
COMhEh7: When a window displays autom
at which automatically updated screens are si: rolled. (A)

(Tier 3 -Management of Multiple Windows During Multitasking1.1A3-31 ,
,

Design Details)
Page 14
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_ To help the user to manage active windows, the system should provide user aids when multiple :
COMMEND An example user aid might he a list of active windows,includmg the name (dtle) of the window, the .windows are active.-

id thi

ongoing acdvity, the time elapsed since the beginning of the activity, the screen location of each w n ow, relation between activities in the various windows (e.g.,if they are hierarchically related as part of the sam' y.
k),

fDJ-
and a menu that would allow users to view the contents of a selected window in the layend environment.

-

.s

a

;
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1.0 INFORMATION DISPLAY
1.1 Screen Organization and Layout
1.1.5 Message Areas

1.1.5 1 Location of Message Areas (Tier 1 Use)

Message areas should be displayed in c window. The windows used for messages from the
system and messages from other users shoulC be located at unique, consistentlocations.
COhihiEN7: Once the wmdaw app:ars on the display it should be under the user's control.'Ihe user should be abledh e the window's
to remove the message area from the screen, revive it move the window with5 the screen, an c ang(D)
size. Ea:h of these actions should require only a single action by the user.

(Tier 2 General)
1.1.5 2 System vs. User Message Areas
Visibly and spatially distinct areas should display messages from the system and messages from.

other users.
COhihEh7: (D)

1.1.5 3 Notification of New Messages (Tier 2 General)

Notification of messages received should be provided automatically at log on and while the user is
logged on.
COhihEh7: (D)

1.1.5 4 Nondisruptive Message Notification (Tier 2 General)

Notification of incoming messages while the user is logged on should be nondisruptive,
'

COhSENT: Notification of incoming messages shculd not intemipt the user's current task and should not
automaucally overwrite the screen areas where the user is working. For example, the system might indicate message(D)
amval to the user by an advisory notice in a portion of the display reserved for that p'Upose.

1.1.5 5 Notification of Incomplete Message (Tier 2 General)

The user should be informed when a message extends beyond the area that the window is able to
display.
CohnEh7: (D)

1.1.56 Message Area Dimensions sTier 3 - Design Details)
By default, the width of message areas should extend across the entire display width and the
default height should be three lines.

:
I COhSEh7: (D)
,

1.1.5-7 Time Stamp Messages (Tier 3 - Design Details)
Foi mal time operations. messages should be time-stamped.
COhnmh7: (D)

1.1.5-8 Message Storage and Retrieval Jier 3 - Design Details)
Messages should be stored in a message queue that is available to the user.
COhBEh7: For example, the user might be able to saol) through a log file cor.taining the message and the time.
date. and origiri of the message. (D)

1.1.59 Rearrangement of Message Order (Tier 3 - Design Details)
The user should be atu to rearrange messages srch that they can be reviewed regardless of the
order in which they are queued.
CohBENT: (D)

:
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INFORMATION DISPLAY1.0 Screen Organization and Layout1.1
1.1.6 Command Areas

Command Area Located in Window (Tier 1
Use)

The command area should be contained in a window that the user can open, close, or resize.1.1.6 1

COhBENT: A user can only provide input into one command area at a time, even if the system in which the user
is working permits multitasking. The presence of multiple command areas would increase the user's worticad
without a commensurate in:rease in functionality. (Tf)

Consistent Command Area Location (Tier 2 - Consistency)1.1.6 2
A single command area should be in a conf tent location on the screen.
COhBEhT: (D)

(Tier 2 Minimizing User
Cursor Location Within Command Area1.1.6 3

When a command area window is first opened, the placeholder cursor should be in the leftmostActions)

position on the first line.COhBENT: At other times, the user should have the ability to place the pla:cholder cursor at any location in the
command area. (D)

1.1.6-4 Accessibility to Command Area (Tier 2 . General)

The user should always have ready access to the command area.COhBEST: For example, the command area might be in a window that (a) could not be covered by otherf b ed bunon.
windows, or (b) could easily be ' popped * to the bent of all other windows by selecting a so tware- as
(D)

1.1.6 5 Distinctive Command Area (Tier 2
General)

The command area should be visibly distinct from all other screen structures.
COhBENT: (D)

1.1.6 6 Command Area Buffer (Tier 2 - General)
When the command area is opened, the user should immediately be able to (1) enter a newcommand for execution, (2) access previously entered commands and execute them as they appear,
or (3) modify previously entered commands and execute them.COhBENT: The user should be able to edit, cut, paste, and re-execute these commands by the same methods as ared

used in text input and editing. Making previous commands available will povide continuity be: ween comman
(D)input episodes and may reduce time in repetitive tasks.

1.1.6-7 Command Area Obscurement (Tier 3
Design Details)

In general, opening the command area window should not interfere with the user's ability to view
CONSENT: However, when the command window is revived and contains commands, the command area should beother display structures,

(D)the same in size, content, and cursar placernent as when it was removed.
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1.0- INFORMATION DISPLAY
1.1: : Screen Organization and-Layout- q

1.1.7 -- General Information Areas

Constitent Location- (Tier 2
Consistency)- 1

Date and Time information should be shown in a consistentlocation..
1.1.71

q
COMMEb'T: (D) |

1.1.7 2 Time Display (Tier 3 Design Details) 4

The information area should display appropriately fomuned time information necessary for a-|
'

user's task and location.-
COMhENT:- (D)

(Tier 3 - Dedan Details)-
1.1.7 3 ~ Access to Software Version NumberUsers should have the capability to access and permanently display the version number of the

j
current application.

(D)-COMMENT:

Removal of General Interest Information _ (Tier 3_. Design Details)
;

.

Users should be able to remove any general information on the display. COMMENT: Either for a single session (e.g., by removing the window in which the information is contained) or
1.1.7-4

for all sessions (e.g.. by a change in their user profile) (D)
i

|:
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INFORMATION DISPLAYLD
1.2 Types of Displays
1.2.1 Tables and Lists

1.2.1 -1 Appropriate Use of Tables (Tier 1 - Use)
When information handling requires detailed comparison of ordered sets of data, a tabular format
for data display should be provided.
COhBENT: (CI)

1.2.12 Lists for Related Items (Tier 1
Use) h

A series of related items (words, phrases, instructions, etc.)should be displayed in a list rather t an
as conunuous text. (E)

A list format will facilitate rapid, accurate scanrung.COhBTEh7:

1.2.13 Logical Table Organization (Tier 2 - Sequencing and Grouping)
Tabular data should be organiad in some recognizable order to facilitate scanmng and assimilation.h

COMhEh7: If the data in the rows has order, the order should be ir) creasing from lef t to right. If the data in t e(A,CI)
columns has order,the order should be increasing from top to bottom of the display.

(Tier 2 - Sequencing and Grouping)
1.2.1 -4 Logical List Ordering

Lists should be ordered according to some logical principle.COhBEh7: For example, items in lists shall be arranged in a recognizable order, such as chronological,ld be ordered

alphabetical, sequential, functiona', or importance. When: no other principle applies, lisu shoualphabetically. It is the user's logic which shauld prevail mther than the designer's logic, where those aredifferent.

(CI)
1.2.15 Consistent Spacing Within Tables (Tier 2

Consistency)

Consistent column spacing should be maintained within a table, and from one table to another.
Similarly, spacing between rows should be consistent within a table and between related tables.
COhBENT: As an exception, when columns are grouped under superheadmgs, extra space between superheadings(A,C.D2)
inay help,in order to emphasue that the columns under any single superheadirig are related.

1.2.1-6 Character Size (Tier 2
Consistency)

The sizes of alphanumeric characters should be consistent within a table and between related tables.
COhBEh7: (D)

1.2.1-7 Character Font and Aspect Ratio (Tier 2 - Consistency)
The fonts and widths of alphanumeric characters should be consistent within a table, except when a
word or set of characters is highlighted by varying the typeface.(D)COhnshi: For example, through the use of italics or a " bold * function.

1.2.18 Maintaining Significant Zeros (Tier 2 - General)
Zeros should not be arbitrarily temoved after a decimal point if they affect the meaning of the.

number in terms of significant digits. (A.E)
COMhEST: For example, when an operator may want to distinguish between 19. 003 and 19.000.

1.2.1 9 Leading Zeros (Tier 2 - General)

Leading zeros in numeric entries for whole numbers should be suppressed.COMhENT: For example,28 should be displayed rather than 0028. A leading zero should be provided if the(C,D)
number is only a decimal, with no precedmg integer (i.e.,0A3 rather than A3)

(Tier 2 - General)1.2.1-10 Tables Referenced by First Column
When tables are used fer reference, the reference item should be displayed in the left column, and
the material most relevant for user response should be dislayed in the next adjacent column.(AI)
COhSEh7: AW*4 but less significant matenal should be displayed in columns further to the right.

\
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(Tier 2 - General)Table Access by Row and Column i rhas

A table should be constructed so that row and column labels represent the informat on a use1.2.11)
i l t t The left,

prior to consulting the table.COhtMENT: For example, the information that can be used to access table entries for a pan cu ar as .i b which the user will access
most column should contain the labels for the row variables (that is, the informat on y( h t is, the informauon by whichl
other row items). The top row should contain the labels for the column variab es t a

(C.DI)
the user will access other columnar items).

1.2.1 12 Column Scanning Cues (Tier 3
Design Details)

The columns in a table should be separated by enough blank spaces, dots, or by some other
distinctive feature, to ensure separation of entries within a row.COhthtEh7: The spacing between columns should be greater than any internal spaces that mig t

h be displayed

withm a tabulated data item. (A,C.D.E)
(Tier 3 - Design Details)

1.2.1 13 Justification of Numeric DataColumns of numeric data should be justified with respect to a fixed decimal point; if there is no
decimal point, then numbers should be right. justified.
COh1 MENT: (A.DI)

Numbered Items Start with "1"
(Tier 2 - General)

1.2.1 14
Item numbers should begin with one rather than zero.
COMMENT: (AI)

(Tier 2 - General)
Repeated Elements in Hierarchic Numbering

For hierarchic lists with compound numbers, the complete numbers should be displayed; repeated1.2.1 15

elements should not be omitted. COMMENT: Implicit numbering may be acceptable for tasks involving perception of list structure. Completei h li t (AE)
numbering is beuer, however, for tasks requiring search and identification of individual items n t e s .

1.2.1 16 Single-Column List Format (Tier 2 - General)
Lists should be formatted so that each item starts on a new line.A list should be displayed as a single column. As an except;on, listing in multiple columns may be

(A,CE)COnihENT:
considered where shortage of display space dictates a compact format

1.2.1 17 Marking Multiline Items in a List (Tier 2 - General)
When a single item in a list continues for rnore than one line, items should be marked in some way
so that the continuation of an item is obvious. Items might be

COMMENT: For example, so that a continued poruon does not appear to be a separate item.i h b numbered or

separated by a blank space, or continuing lines within an hem might be indented, cr each item m g t emarked by a special symbol such as an anow or bullet. Some demarcation is panicularly needed w en a sh li tis

comprisa! (A,CE) -

Hierarchic Structure for Long Lists (Tier 3 - Design Details)
For a long list, extending more than one displayed page, a hierarchic structure should be used to1.2.1 18

permit its logical partitioning into related shorter lists.;

| COMMENT: (CE)'

1.2.1-19 Justification of Alphabetic Data (Tier 3 - Design Details)
Cohntms of alphabetic data should be displayed with leftjusti5 cation to permit rapid scanmng. COMMENT: As an e tception, indentation can be med to indicate subondmate elements in hierarchic lists. Also, a

:

;'
f t

shon list (of just fot or five itert s) could be displayed horizontally on a single line,in the interests o compac
(A.DE)[ display format. if that is donc consistently.

1.2.1 20 Justification of Numeric Entry (Tier 3 - Design Details)
Users should be allowed r.) make numeric entries in tables without concem for justification; the

,
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f - computer should right justify integers, or else justify with respect to a decimal point
if present.

.

COMMENT: (A.DE)

1.2.1 21 Row Scanning Cues (Tier 3
Design Details)

In dense tables with many rows, a blard:line, dots, or some other distinctive feature (to aid
horizontal scanning) should be inserted after a group of rows at regular intervals.( A C.DI)
COMhEh7: For snany applicatioas it will sufnce to insen a btank line after every five rows.

1.2.1 22 Density of Tables (Tier 3 - Design Details)
For iraproved readability, overall screen density for tables should be no greater than 30%.
COMMENT: (D)

(Tier 3 Design Details)
Arabic Numerals for Numbered List items

When listed items are numbered, Arabic rather than Roman numerals should be used.Arabi: numbers are more familiar to most users, and therefore require less interpretation than Roman
1.2.1 23

d (A,CE)

numerals do. "h advantage of Arabic numbers becomes picater when large numbers are use .COMhEh'T:

(Tier 3 Design Details)
Vertical Ordering in Multiple Columns

If a list is displayed in multiple columns, the items should be ordered vertically within each1.2.1 24

column,
COMMENT: (A,CI)

1.2.1 25 Vertical List Extension
(Tier 3 - Design Details)

Where lists extend over more than one display page, the last line of one page should be the first
hne on the succeeding page.
COMhEAT: (C)

.
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1.0 INFORMATION DISPLAY
1.2 Types of Displays
1.2.2 . Data forms

1.2.21 Appropriate Use of Forms (Tier 1 Use)

Forms should be used to display related sets of dataitems in separately labeled fields.COMMEhi: Forms can aid review of related data items by displaying explanatory labels to caption each data field.
(A.DE)

1.2.22 Comparing Data Fields (Tier 2 - Screen Organization)
Data fields to be compared on a character by character basis should be positioned one above the,

other.
COMhnT: (A) '

1.2.2-3. Consistent Format Across Displays (Tier 2 - Consistency)
-

The ordering and layout of corresponding data fields should be consistent from one display to
another.
COMMENT: (AI)

Consistent Format Within Data Fields (Tier 2 - Consistency)

The latemal format of frequently used data fields should be consistent from one display to another. COMMENT: For exarnple. time records might be consistently punctuated with colons, as IDtMM:SS or HIthat,
1.2.2-4

R
whatever is appropriate.The convention chosen should be fatniliar to the prospective users. (A )

Data Form Placeholder Cursor Location (Tier 2 - Minimizing User1.2.2-5

When the data form is first opened, the placeholder ctusor should be in the left-most position of theActions)

first available data field.
COMMEbT: (D)

1.2.2-6 Data Entry Error Acknowledgement (Tier 2
Error Handling)

Users should receive an error message only if they continue to make the same error. Tae error
message should describe the proper manner for ente. ring data.
COMMENT: (D)

Visually Distinctive Data Fields - (Tier 2 General)-
Clear visual definition of data fields should be provided so that the data are distinct from labels and1.2.2 7

other display features.
COMMENT: . (AE)

1.2.2-8 Field Definition / Delimiters (Tier 2 - General)Special characters (such as underlining, data field " boxing") should be used to delineate data fields
and data field lengths.
COMMENT: (A)

1.2.2-9 Highlight Active Data Entry Field (Tier 2 - General)-

The cunent field to be entered shocM be highlighted. COMMENT: Irrelevant objects slow %=1 processing by competing for resources. Use of highlighting makes
the current data field disenminable from inclevant data. (D)

(Tier 2 - Genen:)1.2.210 Form Compatible for Dva Entry and Display
When forms are used for data entry as well as for data display, the format for data display should be
compatible with whatever format is used for data entry.(A.CE)COMMENT: Use the same itern labels and ordenng for both.
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Identification of Entry Field Length (Tier 3 - Design Details)
Cues should be provided to indicate the maximum length of a data entry field.1.2.2 11 f
COMMENT: For example, a t;roken underscore could be used to indicate the number of characters available or an
entry . (D)

1.2.2 12 Data Entry Cues (Tier 3 - Design Details)
If appropriate, labels should be used to help cue the user as to the expected data entry.
COhiMENT: For example,'DATE (MM/DD/YY): JJJ.* (D)

1.2.213 Data Form Entry Error (Tier 3 - Design Details)
Data entered that does not match the predefined fomut of the data form should highlighted and
signaled the user.
COhSEhT: For example, with a beep. (D)

Distinguishing Blanks from Nulls (Tier 3 - Design Details)
Blanks (keyed spaces) should be distmguished from nulls (no entry at all) in the display of data1.2.2-14

forms, where that can aid task performance.

COMhENT: Some special symbol might be adopted to denote null ercy. If Seld delimiters are dispinyed to guidedata en:ry, then it will of ten be sufficient simply to leave those delimiters unchanged when no entry has been made.
(A.E)

(Tier 3 - Design Details)
Similar Formats for Data Form and Hardcopy

When users are highly familiar with a hardcopy version of the data form, the data form should be1.2.2-15

formatted to be similar to hardcopy source documents.COMhENT: Users should tm able to transfer their previous trammg and experience with the hardcopy format to the
computer display. (D)
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1.0 INFORMATION DISPLAY
1.2 Types of Displays
1.2.3 Mimics

1.2.3 1 Consistent Use of Symbols (Tier 2 - Consistency)

Mim:c symbols should be used consistently.
CCMhiENT: (B)

1.2.3 2 Mimic Detail (Tier 2 General)
A mimi: should contain just the minimum amount of detail required to yield a meanmgful pictorial

,

representauon.
COhBIEh7: (B)

1.23-3 Points of Origin (Tier 2 - General)
All munic origin points should be labeled or begin at labeled components.
COhihiEhT: (B)

1.23 4 Mimic Termination Points (Tier 2
General)

All mimic destination or terminal points should be labeled or end at labeled components.
COhihtEh7: (B)

1.2.3 5 Directional Arrowheads (Tier 2 - General)
Flow directions should be clearly indicated by distinctive arrowheads.
COMhiEb7: (B)

1.2.3 6 Use of Abstract Symbology (Tier 3 - Design Details)
Abstract symbols should conform to common electrical and mechanical symbol conventions
whenever possible.
COhnfENT: (B)

1.23-7 Mimic Line Width (Tier 3 - Design Details)
Differentialline widths should be used to code flow paths.
COhaiEh7: For exampic, significance, volume,leve! (B)

1.2.3-8 Overlappir.g Lines (Tier 3 - Design Details)
Mimic lines should not overlap.
COMMENT: (B)

1.23 9 Symbolic Component Identifiers (Tier 3 - Design Details)
Component representations on mimic lines should be identified.
COhBfENT: (B)
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1.0 INFORMATION DISPLAY
1.2 Types of Displays
1.2.4 Graphics
1.2.4.1 General

1.2.4.1 1 Graphic Displays: Trends (Tier 1 - Use)
For display of data showing relations in space or time a graphic format should be used.
CONSIENT: Relations is space or time are data such as, trend inforrr.ation, spatially structured data, time critical
informanon or relauvely imprecise informadon. Peoph cannot readily assimilate detailed textual or tabular data,hi l ments
although sometimes such data are necessary. Therefore, a graphi: 6 splay might be used where grap c e eI
showing trends and differences are combined with text annotation and tabuhr presentation of detailed data. n someil d data

appli:ations,it might prove helpful to supplement a primary graphi: 6 splay with alternative displays of deta e
available as a user-selected option. (A,C.D.E)

1.2.4.12 Graphic Displays: Data Comparison (Tier 1 - Use)
When users must guidly scan and compare related sets of data, the data should be displayed in

COMMENT: Graphic display might help users discem errors in a data base, since deviant " outliers * will appeargraphic format

visually 6stinct from the body of correct data. (A.D.E)

(Tier 1 - Use)Graphic Displays: Monitoring Data Change1.2.4.13
A graphic format should be used when users must monitt,r changing data.
COMMENT: Whenever possible, the computer should handle data monitonng and should call abnormalities to theki i
user's anention. When that is not possible and a user must monitor data changes. graphic display will ma e t eas er

(A.D.E)
for the user to detect critical changes and/or values outside the normal range.

1.2.4.1-4 Animation for Dynamic Display (Tier 1 - Use)
Movement of data elements under computer control can be used for displaying a temporal sequence
of changing events, or for the pictorial display of complex objects, Animation can be used to enhance a variety of graphic displays, including e-mWplots, curves, bar
COMMENT:
graphs, flow charts. etc. (E)

1.2.4.1 5 Highlighting by Animation (Tier 1 - Use)
When sequential relations or other connectivity between display elements requires highlighting,
animation may be used for that purpose.
COMhENT: For example.connectivity might be emphastzed by an anow moving repeatedly between :wo
displayed elements. (E)

1.2.4.1 6 Simplicity (Tier 2 - Screen Organization)
Graphical displays should maintain the visually simplest display consistent with their function. In
general, the fewest lines or objects in a graphical display should be used.
COMMENT: (D)

1.2.4.1-7 Consistency (Tier 2 - Consistency)
Consistent logic should be used in the design of graphic displays, and a standard format and
labeling practices should be maintained for each method of graphic presentation.
COMMENT: Censistency in graphic design will allow u: cts to focus on changes in displayed data without beingdistracted by changes in & splay fcrmat. The standar&zazion advocated here has to do with the logic of user interface

(A.E)
design, not with intemal processing by graphics software.

1.2.4.1-8 Consistent Annotation Format (Tier 2 - Consistency)

Any displayed annotation should be formaned consistently in relation to the graphic elements. COMMENT: For example. labels might always be placed over the displayed points with which they are associated.
Someumes, however,it might be necessary to displace a label from its * standard" position to avoid overlap or(A.E)
crowdmg on the & splay; such exceptions should themselves be handled consistently..
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1.2.4.19 Emphasis (Tier 2 - Meaningfulness)
Graphical displays should be designed so that a user notices the most important *hings firait.
COMhtEtTT: (D)

1.2.4.1 10 Only Necessary "nformation Displayed (Tit r 2
Task Compatibility)

Graphic displays should be tailored to user needs and provide only those data necessary for user
tasks.
COhBIENT: (A.DE)

1.2.4.1-11 Zooming for Display Expansion (Tier 2 General)

When needed to perceive graphic relations accurately, or to view flow diagrams in greater detail, a
zooming capability should be provided that allows expanion of the display of any selected area. COMMENT: Zooming can increase the degr-e of detail (i.e., can add data to a display). When used this way, ai hich may

zooming capabihtv implies that graphic data be ' layered" hierarcN: ally at different levels of aggregat on w

require complex da:a files and data management techniques. Zoorrung might be implemented as a continuousfun tion,by which a display can be expanded to any degree, analogous to a conunuous panning capability. Ortt

zooming miF t be implemented in discrete increments, as in increasing the maFnification of an optical insuumen oh ih
x2, x4, etc, incremental zooming with abrupt changes in display scale, may tend to disorient a user, but m g t
prove accep:able in some applications. Zooming can increase display spacing among crowded data items so that they
can be perceived better. Thus a control room operator might expand a ponion of a Piping and Instrumentation(A.DE)
Diagram to see more clearly the type of valves used within a panicular line up.

1.2.4.1-12 Reference Index or Baseline (Tier 2
General)

When a user must compare graphic data to some significant level or critical value, a reference index
or baseline should be included in the display.
COhBIENT: (CE)

1.2.4.1-13 Highlighting Critical or Abnormal Data (Tier 2 - General)
When a user's atter. tion must be directed to a portion of a graphic display showing critical or off-
nominal data, some distinctive means of data coding should be used.
COMMENT: (CE)

1.2.4.1-14 Data Annotation (Tier 2 - General)When precise reading of a graphic display is required, the display should be annotated vdth actual
data values to supplement their graphic representation.COMMEhT: For example, adjacent numeric annotation might be added to the ends of displayed bars on a bar graph:
numeric data might be displayed to mark the points of a ploued curw. (CE)

1.2.4.1 15 Text Annotation (Tier 2 - General)
When a graph contains some outstanding or discrepant feature that merits attention by a user,
supplementary text should be displayed to emphastze that feature.
COMMENT: For example. a flow diagram for pmcess control might include a current advisory message.(E)
POSSIBII PRESSURE V ALVE FAILURE, as well as appropnate graphic indications of the problem.

1.2 4.1-16 Changing Scale (Tier 3 - Design Details)
% .ien a graphic display has been expanded from its normal coverage, some scale indicator of the

expansion factor should be provided. COMMENT: For example, a linear indicator of current map scale might be shown in the nurgin, or perhaps simply
a numeric indication of the display expansion factor (e,g.,24 ). In many applications it may be helpful to show the
scale even for a display with normal,unexpanded coverage. (AE)

Overview Position of Visible Section (Tier 3 - Design Details)
Some graphic indicator of the position in the overall display of the visible section should be1.2.4.1 17

provided when a display has been expanded from its normal coverage. COMMENT: A graphic indication of the current coveny;e of an expanded display will pnmde some visual context
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to help a user maintain a conceptual orientation between the visible part and the whole display rom w
has been expanded. For example, in a corner of any frame of an expanded & splay,the computer might show af
rectangle representing the overall display,in which a smaller rectangle is placed to indicate the position and extent o
the cunently visible partion of that di.; play. (AS)

1.2.4.1 18 Printing Grnphic Displays (Tier 3
Design Details)

When on line graphic displays must te printed, users should be allowed to display the material
exactly as i, will appear in the printed output.
C0bnENT: On.line displays can offer some adventages over printed graphics, in terms of animation and
highlighting. When a user is prepanns a display for printed output, however, it is imponant that limitations of the
pnnt me6um can be taken realistically into account. If the printed v.:rsion does riot appear satisfactory,it may be

(AE)necessary to reformat the display in some way. 1

1.2.4.1 19 Use of Data Display Codes (Tier 3 - Design Details)
Data display codes should be used only if two or more conditions need to be represented in a
display that cons'sts of a graph, diagram or map.t

COhBENT: (D)

i

Page 27
Section 1: Infonnation Display



,a - .
,

INFORMATION DISPLAY1.0
1.2 Types of Displays
1.2.4 Graphics
1.2.4.2 Flowcharts

(Tier 1 Usc)
1.2.4.2 1 Appropriate Use of Flowcharts

Flowcharts should be used for schematic representation of sequence information. COMMENT: Flowcharts should be used for schematic representation of sequence information to disp?ay data thra
(A.E)

are logically related in tenns of sequential processes.

Flowcharts to Aid Problem Solving (Tier 1 - Use)
A Dowchan should be provided to aid problem solving when a solution can be reached by1.2,4.2 2

answering a series of questions, and when no tradeoffs will be required.A 110wchan can add strucmre to complex problem solving by illustrating a set of discrete decision
COhiMEh7: li e that

pomts. With such a flowchan, a user is given specific steps to follow in solving a problem,he p ng to ensurd quickly
all relevant factors are considered. For simple problems, however, a tabular or text format may be rea moreFor example,if a user must evaluate
than af flowcha t. Flowchans are not useful when a user must make tradeoffs.t valuate
alternauve outcomes,then using a flowchan would be cumbersome and time consuming. When a user mus eh i ht aid problem
ahernatives, a tabular fonnat may be more efficient. For example, n process control, a flowc art m g(E)
diagnosis when a user must determine the cause of abnormal conditions and take appmpnate action.

1.2,4.23 Consistent Wording (Tier 2 - Consistency)
The options displayed at the decision points in a flowchan should be worded in a consistent

Sometimes it may not be possible to use a consistent format for displaying options. However, theformat.
COMMENT: (E)
more consistent a flowchart can be ma& in format and wcstimg, the easier.

1.2.4.24 Necessary Information (Tier 2 - Task Compatibility)
To the greatest extent possible, flowcharts should display only the data required by the user. The
user should be able to request more detailed data with a single action.
COhBfENT: (D)

1.2.4.25 Conventional Path Orientation (Tier 2 - General)Flowcharts should be designed so that the path of the logical requence is consistent with familiar
(A.D.E)onentauon conventions.

COMMENT: For example, from left to right and from top to bonom, or clockwise.

1.2.4.2-6 Ordering to Minimize Path Length (Tier 2 - General)
When there is no inherently logical order to the steps in a flowchart, steps should be ordered to
mininuze ficwthan size th. (A.E)COMMENT: In other wonis, to minimize average path len3

1.2.4.2 7 Highlighting (Tier 2 - Gerperal)
If one element in a flowchan represents data of panicular significance, implying a special need for
user attention, then that element should be high;ighted.

.

COMMENT: For example,line codmg by color or boldmg might be tesed to highlight displayed paths, and/or the
boxes or other graphic elements representing displayed states. (Color coding may be particularly appropnate in

flowchans because of the effective pnmacy of cokr for guiding the visual scanning required to trace paths.) As acautionary example, the flowchan instructions (cr a critical safety function stants ute might highlight a box which(D,E)
says * ensure Reactor Coolant System pressure less than a befcre operung valve y*.

1.2.4.28 Consistent Ordering of Options (Tier 2
General)

When a flowchart is designed so that a user must make decisions at various steps, the available

options should be displayed in some consistent order from step to st p.COMMEh7: For example, *yes* might always be on the left and "no* on the right.*Ihe point here is that for
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options which have no inherendy logical order, some order should be consistently imposed. Consistent or er n(AI)
will permit a user to review a flowchart more quidly.

1.2.4.29 Single Decision _ at Each Step (Tier 3 - Design Details)
When a flowchart is designed so that a user must make decisions at various steps, only a single
decision should be required at each step; decisions should not be combined to reduce flowchart
size.
COMMENT: (AR)

1.2.4.2 10 Logi al Ordering of Options (Tier 3 - Design Details)
. _

When a flowchart is designed so that a user must make decisions at various steps, the available

options should be displayed in some logical order.COMMEhi: For ex. ample,if options represent stages of a process, those stages should be listed in the order inlb h unt of space

which they would actually occur.The ordenng of options should not be detennined mere y y t e amo
that is conveniently available to display them. (AI)

1.2.4.2-11 Flowchart Symbol Set (Tier 3 - Design Details)
-

There should be a standard c.et of flowchart symbols. To the greatest extent possible, the symbols
should be based on the standards for the task content.
COMhEh7: (D)

1.2.4.2 12 Conventional Use of Arrows (Tier 3 - Design Details)
In fiow charts and other graphics displays, arrowheads should be used in a conventional fashion to
indicate directional re.lations in the sequentialImks between various elements.
COMMENT: (DI)

1.2.4.2 13 Dynamic Flowchart Sizing (Tier 3 - Design Details)
The user should be able to enlarge or reduce the size of a flowchart. The line scale should reflecti

the change in overall scale.
COMhsh7: (D)

_

f
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1.0 INFORM ATION DISPLAY
1.2 Types of Displays
1.2.4 Graphics
1.2.4.3 Pictures and Diagrams

1.2.4.3 1 Appropriate Use of Pictures (Tier 1 - Use)
Pictorial displays should be used in applications where it is necessary to show ace' mtely detailed
representations of real or imaginary objects or processes. 'pretation.
COhSET: Pictorial displays aid in the analysis of objects and events, as in the case of piohandling tasks

Pictorial displays also suppon a variety of computer. aided design applications. For some infonna -lifi-d line drawmgs may bei
the display of detailed images (photographs) will help users. In other instances. s mp
more readily comprehended. (A.E)

(Tier 1 Use)
.

1.2.4.3 2 Appropriate Use of Diagrams

Diagrams should be used to show spatial relations, with selective focus on the data specificallyrequired by a user's task,in applications where a full pictorial rendering might be unnecessar yil

COhmBT: Diagrams are used to suppon many applications, ranging from mechanical assembly /maintenanceinstrue' ion to the representation of electronic circuitry and process contrc) paths. Diagrams are considered a specia
complicated. l

(AI)
form of picture. Diagrams should be kept as simple as possible, omitting unnecessary data.

1.2,4.33 Display Only Necessary Information
(Tier 2 - Meaningfulness)

Diagrams should display only the data required by the user. The user should be able to request
more detailed data with a single action.
COhnsT: (D)

1.2.4.3 4 Highlighting (Tier 2 - General)
If a picture or diagram contains data of particular significance, implying a special need for user
auention, those data should be highlighted.
COhBET: For example, selected ponions of pictures miF t be highlighted by adding a box outline to thet

display, or perhaps a blinking arrow. Diagram elements might be highlighted by bolding or video reversal, orperhaps by color coding. As another example highlighting might be used to indicate an aw" ment of damage w enh

monitoring a system that has beer graded in some way. (A.E)

1.2.4.3 5 Dynamic Diagram S' ting (Tier 2 - General)
The user should be able to enlarge os a M the size of a diagram.
COHB ET: (D)

1.2.4.3-6 Rotation (Tier 3 - Design Details)
In an application where a user must examine a depicted object from different viewpoints, the user
should be allowed to rotate its displayed image.
COhBOT: The axis of rotation will generally be the center of the depicted object. Where that is not the case,d l
some indication of the rotation axis should be displayed. In some applications it might also help the user to isp ay
some explicit s..parate indication of the degree of rotation and the current orientation of the depicted object. In
applications where a user must make a detailed companson of two (or more) displayed objects, it may be necessary(AE)
to allow independent rotation, translation and superposition of their images,

1.2.4.3-7 Spatial Relationships (Tier 3 - Design Details)
Diagrams should show relative spatial relations accurately and should include a line scale
describing the spatial relations.
COhBST: (D)

1.2.4.3-8
Aids for Pictorial Analysis (Tier 3 - Design Details)

When users must analyze pictorial images in detail, computer aids should be provided.
COhmBT; For examuung th: laternal s-xT of a depicted object,it might be helpful to allow a user to request
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aux.ilary displays of specified cross. sections or transect diagrams. For more detailed structural analys s oobjects,it might be necessary to provide computer aids for calculating area, volume, center of gravity, mo es od f

vibration, stresses, heat transfer, etc, (A.E)

1.2.4.3 9 Linking Sectional Diagrams (Tier 3 - Design Details)
When diagrantned data exceed the capacity of a single display frame and must be shown in
separate sections, an overview for the diagram should be provided.A logica11 inking of its various sections, and an easy means for users to move from one i etion toih

another should be provided (e.g., panning). An ahemative approa:h might be to construct a hierarchic diarwn w tCOMMENT:
d

a rooming capability to show grea'er detail Thtt capability re; resents a potential advantage of computer genested
electroni: displays over printed diagrams. For example, the sections of a diagram might be assigned letter co exb d by a user to
which could be shown in the overview and at any internal branch points, and which could e entere
requesi the display of various sections. (A.E)

|

|

.
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INFORMATION DISPLAY1.0
1.2 Types of Displays
1.2.4 Graphics
1.2.4.4 Maps and Situation Displays

1.2.4.41 Appropriate Use of Maps (Tier 1 Use)

Maps should be provided to display geographic data.COhSENT: 11ere the term * map * refers to the disphy of relatively stable geographic data, or the display of slowlyk h

chancing data such as weather.When mapped data change more quickly.as in the display of plume tac s,t osediaFrams are called "situr. tion displays *. Design recommendations for maps will generally p:rtain also to si.uation
displays. (A.E)

1.2.4.42 Qualitative Maps (Tier 1 - Use)
Qualitative distributional maps should be used to display relative geographical locations of dif'erent
kinds of data .
COhBENT: (D)

1.2.4.43 Quantitative Maps (Tier 1 - Use)
Quantitative distributional maps should be used to display variations in quantities across different
geographicallocations.
COhBENT: (D)

1.2.4.4-4 Situation Displays (Tier 1 Usc)
When it is necessary to show the geographic location of changing events, event data should be

combined with a map background.COMhENT: For example. a display for radioactive contml might sapenmpose plume tracks on a ba:.kground ofdhd
gcognphic coordmates, with supple.nentary annotation and/or coding to indicate track identificatior.. spee , ea mg.
altitudc. etc. (A.E)

1.2.4.4 5 Tonal Codes (Tier 1 - Use)Tonal codes (different shades of one color) rather than spectral codes (different colors) should be
used when users must make relative judgments for different colored areas of a display.COMhENT People can order categories along a continuous dimension to match tonal vatiations in one color.i t an

whereas people do not have a nannal means of ordering different colors. 'Ihis recommendat on represen sid d
exception to other guidelir,es advoca:ing distinctive code values. Codmg by tonal varianon should be cons ere
only for applications where perception of relatist diherences along a single dimension is more imponant than
perception of absolute values. (E)

1.2.4.4-6 Consistent Orientation (Tier 2 - Consistency)
When several different maps will be displayed, a consistent orientation should be used so that the
top of each map will always represent the same directiort. (A.D.E)
COhBENT: In common use, most maps are oriented so that Nonh is upward.

1.2.4.4 7 Consistent Positioning of Labels (Tier 2 Consistency)

Labels should be positioned on a map consistently in relation to the displayed features they

As a ;ractical maner, map displays can get very cros.ded. It may not always prove feasible todesignate.

maintain a consistent placement for labels. with the result thal designers will be tempted to put labels wherever theyCOhthENT:
d lbl

will fit. In such a crowded display, labels may obscure map feanre.s.and vice versa. Locatmg and rea mg a e sUnder these
will be slowed,particularly when map feannes are displayed closely adjacent to the beginning oflabels.(E)

', circumstances. some other approach to map labeling should be considered to avoid crowding.

1.2.4.4 8 Indicating Data Change (Tier 2 - General) |
When changes in mapped data are significant for a user's task, auxiliary graphic elements should,

be included to indicate those changes.
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CONSENT: For er. ample, auuhary coding might be needed to indreate vehicular movement on a map of showingb h
evacuation mutes. In dynande maps (i.e., situation displays), data changes involving movement can e s ownWhere

directly. On static displays, armws can be added to indicate the direction of movement of mapped elements.d t lines.

movement over an extended area must be represented, directional' pips * can be added to dispbye con our
G)

1.2.4.4 9 Area Coding (Tier 2 General)
Texture pattems, color, or tonal codes should be used when different areas of a map must be
defined, or when geographic distribution of a particular variable must be indicated.
COhEEN7: In many applications it may be desirable to limit area coding to one variable in order to assureill be
effecove information assunilation. Another appeach might be to allow a user to specify which vanable wil

coded on a map and to change that selection at will depending upon cunent task requirements. In some spec ai dt
apphcations.however,it may be feasible to superimpose several kinds of area coding to permit multivar ate a a
analysis by skilled users. (E)

1.2.4.4 10 Ordered Coding (Tier 2 - General)
Where different areas of a map are coded by texture pattems or tonal variation, the darkest to

lightest shades correspond to the extreme values of the coded variable.COhBENT: Orderly assignment of code values will help users perceive and remember the categories represented by
the code. G)

1.2.4.4 11 Feature Identification (Tier 2
General)

When it can be done without cluttering, significant features of a map should be labeled directly on
the display.
COhihEh7: (AI)

1.2.4.4 12 Highlighting (Tier 2 General)
If one area in a map represents data cf particular significance, implying a special need for user
attention, then that area should te highlighted.
COhBENT: (E)

1.2.4.4 13 Aids for Analyzing Maps (Tier 3 - Design Details)
When the use of mapped data may be complex, computer aids should be provided for data
analysis.
COh&EST: (AI)

1.2.4.4 14 Aiding Distance Judgments (Tier 3 - Design Details)
Computer aids should be provided when a user must judge distances accurately on a map or other
graphic displayfor that judgment.COh&Eh7: For exac. measurement. It might be better to allow a user to select (point at) any two points and have
the computer * read out* their separation distance duectly. The same technique might be used to detemtine the
direction (beanng) between two points. (AI)

1.2.4.4 15 User Selectable Orientation (Tier 3 - Design Details)
he user should be able to select different orientations and reference points. He system should
provide the user with a menu listing the common orientations and reference points.
COhnshi: (D)
1.2.4.4 16 Panning for Flexible Display Framing (Tier 3 - Design Details)
When a map exceeds the capacity of a single display frame users should be prmided a capability to
pan the display frame over the mapped data in order to examme different areas of current interest.
COhBEh7: (AI)

Show Overview Position of Visible Section
(Tier 3 - Design Details)

1.2.4.4 17
Some graphic indicator of the position in the overall display of the vis~ble section should be
provided when a user pans over an extended display in order to view different sections.
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COhSENT: For example,in a comer of a panned display, the computer might show a rectangle represent ng t efh r ntly visible
overall dtsplay,in which a smallet rectangle is placed to indicate the position and extent o t e cur el tra L of

porton of that display. While panning across a map, moving from one section to another, a user may osefinterest. An indicator of
what is being diplayed, and be uneenam how to move in order to see some other area o

(A.E)
runent position will help maintain user onentation.

1.2.4.4-18 Mapping Non. geographic Data (Tier 3 - Design Details)
in applications where the geoFraphic distribution of nongeographic data must be displayed, other
graphic elements should be added to a map for that purpose.COMMENT: Alphanumeric characters might be added to a map to show data, twt those will not aid a direct sisualf d
companson a:ross areas in the same way that graphic symbols can do. Moreover alphanumerie data may be con usei different sizes toindicate a
with labels and other kinds of annotation. For example, a symbol might be displayed nf
pani ular measure in different localities, or small stacked hats might be supenmposed on the different areas o a map

(E)
to indicate the local distribution of some data measure.

1.2.4.4 19 Identification of Map Data (Tier 3
Design Details)

_

Where possible, demographic or other data on map displays should be presented graphically rather
than by using text descriptions.
COMhENT: (A)

1.2.4.4 20 Stable Reference for Changing Data (Tier 3
Design Details)

Some stable display elements should be provided when graphic data are changing and displays are

COMMENT: Moving data may overlay and temporarily obscure other di:: play elements, such as fixed bar.kgroundautomatically updated.

daut When that happens, the display update logic must determine which data carefories have prionty on the display
and which may be obscured by othw and should restore the obsemed elements when the overlaid data moves away,d
and should funhet ensure that no da:a are erased fmm the display in the Jrocess of obscuring and restonng ata.
Stable display elements provide a frame of reference to help users assimilate and interpret data changes. (E)

_
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1.0 INFORMATION DISPLAY
1.2 Types of Displays
1.2.4 - Graphics
1.2.4.5 Instrument Panels

1.2.4.51 Software based Instrument Displays (Tier 1 - Use)
Software. based displays of instruments should be displayable in a function area.
COMhEh7: 'Ihe pan .I should be contained in a labelled window and should be closely analogous to the hardware
panel that is represented. Specific instruments on the panet should be clearly visible and should be labelled

t'D)
appopiately. following standanis for hardware panet labels.

1.2.4.5 2 When to Use Binary Displays (Tier 1 - Use)

Binary indicators should only be used for displaying information having two values.COMhEhT: The most common use of binary indicators in a process control environment is for alarm /waming(B)
devices. For quantitative measurements, bmary indicators should be used only for check-n:ading }xuposes.

1.2.4.53 Usability of Displayed Values (Tier 2
Meaningfulness)

Information should be displayed in a directly usable form.COMhEh7: All displays shculd indicate values in a form immediately usable by the operator without requiring
mental conversion. (B)

1.2.4.5-4 Increasing Scales (Tier 3 Design Details)
Numbers should increase clockwise, left to right, or bonom to top, depending on the display
design and orientation.
COMhENT: (B)

1.2.4.55 Scale Progression (Tier 3 Design Details)
Graduation interval values of fixed scales should be 1,2,5, or decimal multiples thereof.
Numbering by 1,10, or 100 is recommended for progressions.
COMMENT: (B)

1.2.4.56 Scale Intervals (Tier 3 - Design Details)
Nine should be the maximum number of tick marks between numbers.
COMMENT: (B)

1.2.4.5 7 Circular Scales (Tier 3 Design Details)
For one-revolution. circular scales, zero should be at 7 o' clock and the maximum value should be
at 5 o' clock, with a 10-degree break in the arc
COMhEh7: (B)

1.2.4.58 Location of Scale Values (Tier 3 - Design Details)
Numbers should be outside the graduation (tick) marks unless doing so would constrict the scale.
COMhEh7: (B)

1.2.4.5-9 Orientation of Numbers (Tier 3 - Design Details)
All numbers should be oriented upright.
COMhENT: (B)

1.2.4.5-10 Location of Zero (Tier 3 - Design Details)
When check readmg positive and negative values, the zero or null position should be at 12 o' clock
or 9 o' clock.COMhENT: With a mamx of cucular displays, deviazions from a 9 o' clock null position are easily detected in
check readmg. Zero is at 12 on multi revolution dials. (D)

1.2.4.5 11 Pointer Orientation (Tier 3 - Design Details)
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ne pointer on fixed scales should extend from the right of vertical scales and from the bottom of
horizontal scales.
CohthENT: (B)

1.2.4.5 12 Pointer Obscurement (Tier 3
Design Details)

The pointer on fixed scales should extend to but not obscure the shortest graduation marks.
COhihENT: (B)

1.2.4.5 13 Tick Mark Separation (Tier 3
Design Details)

Tick marks should be separatul by at least 0.07 inches for a viewing di::tance of 28 inches urxler low
illumination (0.03 to 1.0 fL).
COhihENT: (B)

1.2.4.5 14 Number of Tick Marks (Tier 3
Design Details)

Dials should not be cluttered with more marks than necessary for precisien.
.

COhthENT: (B)

1.2.4.5 15 Display Band Coding (Tier 3 - Design Details)
Zones shotN be color coded by edge lines or wedges. The colors red, yellow, and green should

(B)
COhihENT: Zones can be used to indicate operating ranges, off-normal levels, dangerous levels, etc.be used.

(Tier 3 - Design Details)
1.2.4.5-16 Digital Displays Level of Accuracy
Digital displays should include the appropri .te number of significant figures for the required level
of accuracy.
CohthENT: (B)

1.2.4.5 17 Digital Display Range (Tier 3 - Design Details)
Digital displays should accommodate the full range of the variable.
COhBENT: The full range of the vanable means highest and lowest values that are predicted that the variable can
obtain. under any conditions (nonna! operations emergency operations, etc) for the tasks the display is designed to
support. (B)

1.2.4.5-18 Rate of Change (Tier 3 - Design Details)
Digital displays should change slowly enough to be readable.
COhihENT: (B)

1.2.4.5 19 Direction of Change (Tier 3 - Design Details)
Digital displays should be provided with arrows to indicate the direction of change,if thatis likely
to be needed.COhthEST: Rapidly changing digital values are difficuh to read, and dxrectional indicators will help the operatar-

interpret the direction of trend. (B)

1.2.4.5 20 Binary Display Legends (Tier 3 - Design Details)
Legends should oc worded to tell the status indicated by the display.
COhihEk., (B)

1.2.4.5-21 Distinguishability of Binary Controls / Displays
(Tier 3 - Design

The legends of illuminated indicators should be readily distinguishable from legend push buttonsDetails)

by form, size, or other factors.COhihENT: This criterion has special emphasis to touch screen vimal display arminals (e,g., CRTs) when touch
(B)panels are employed as a control device.
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1.0 INFORMATION DISPLAY
1.2 Typ. nf Displays
1.2.4 G rapes
I.2.4.6 Scaling

1.2.4.6 1 Scaling Conventions (Tier 2 - Consistency)
Conventional scalir.g practice should be followed,in which the honzontal X axis is used to plot
time or the postulated cause of an event (the independent variable), and the vertical Y axis is used
to plot a caused effect (the dependent variable).When the X ads represents time intervals. the labeled scale points should represent the end of each

dCOMMEN7:
time interval. His consistent usage will aid interpittation of all data plots, including scatterplots,line graphs, an
bar charts. (A.DS)

1.2.4.6 2 Consistent Scaling (Tier 2 - Consistel.cy)
If users must compart. graphic data across a series of chart', the same scale should be used for
each chart.
COMhENT: Note Om! in many applications it may prove more ' ective to display data for comparisen in a single
combined chart, rather than requiring users to compare data acrt a a series of charts. Users will find it difficult to
compare data sets that are scaled differently. Moreover, users may overlook differences in labeling.and assume that(A,C,E)
the same scale has been used even wisen displayed scales are actually different from one another.

1.2.4.6 3 Scales Consistent with Function (Tier 2 - Task Compatibility)
The scales should be consistent with the intended functional use of the data.
COMMENT: For example,the monitoring of neutron flux at reactor tnp must have a vanable scale of 0 to 100%
of the design value and a time scale resolution of seconds. However, post-trip monitoring may have a variable scale
of 0 to 10% with a time scale resolution of minutes. Finally, operational log data of neutron flux may have a time
scale resolution of hours. (B)

1.2.4.6-4 Linear Scaling (Tier 2 - General)
A linear scale should be used for displayed data,in preference to logatithmic or othe non linear
methods of scaling.
COMMENT: Most users are more familiar with linear scales and willinterpetlinear scales more accurately than
other methods of scaling. However, since logarithmic scales show percentage change rather than arithmetic change;
thev may be appropnate for some special applications. (A.E)

1.2.4.6 5 Scaling in Standard Intervals (Tier 2 General)
Scales should have tick marks at a standard interval of 1,2,5, or 10 (ot M multides by 10) for
labeled divisions; intervening tick marks to aid visual interpolation should bm.ststent with the
labeled scale interval.
COMMENT: Users will find it difficult to interptt scales based on odd intervals, even if computers do not As a
negative example, h is not acceptable to let the computer divide available scale space automatically if that results in
a scale labeled in unfamiliar intervais such as 6 cr 13. In special instances, the X-axis might be scaled in odd
intervals to show customary divisions, such as the 12 months in a year. (A.D.E)

1.2.4.6 6 Numeric Scales Start at Zero (Tier 2 - General)
When users must compare aggregate cuantities within a display, or within a series of displays,
scaling of numeric data should begin with zero.
COMMENT: Numerical scales generally should have zero at the bouc.n as the first number on a vertical scale or at
the left as the first number on a horizontal scale. De exceptions to this orgaruzation would be: a)if the numbers art
used for nammg categories, b) if zero is not a possible number on the scale, or c) if the scale contains negative
numbers. If for any reason the zero point is omitted, the display should include a clear indication of that omission.

(A.D.E)

1.2.4.6-7 Positive and Negative Values (Tier 2 - General)
When graphed data represent positive numbers, the graph should be displayed with the origin at
the lower left, such that values on an axis increase as they move away from the origin of the graph.
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COhSENT: When the data include negadve values and the axes must extend in both directions from a rero po|

(AI)
that origin should be displayed in the center of the graph.

1.2.4,6 8 Single Scale Only (Tier 2 General)

Only a single scale should be shown on each axis, rather than including different scales for
l les.

different carves in the graph.COMMEC Single-scale graphs will generatly permit mwe accurate reading than graphs displaying severa scaMoreover, by

Many usen will be confused by multiple scale graphs and make errors when interpreting them. changing the relative scale factors of muldple-scale graphs it is possible to change radically t e r apparhi ent meaning

and bias interpretadon by users. (A,C,D.E)

1.2.4.6 9 Aids for Scale Interpolation (Tier 2 - General)
If interpolation must be made or where accuracy of reading graphic data is required, computer aids
should be provided for exact interpolation. f it

COMMENT: For example,it might suffice to allow users to request a fine grfd as an optional display eature; orh f a chart; or it

might be better to displa) vemeal and horizontal rules that a user could move to intersect t e axes omight prove best simply to let a user point at any data item and have the computer label that tem wi ith a readout of

its c. xact value(s). (C.E)

1.2.4.6 10 Unobtrusive Grids (Tier 2 - General)When grid lines are displayed, they should be unobtrusive and not obscure data elements (e.g.,
curves, plotted points). COMMENT: Grid lines should be thinner than data curves, and should be invisible behind depicted objects andflexibihty
areas. Heavy vertical grid hnes may conceal the height of plotted peaks. Electronic displays offer mored h l eof aparticulardata
than printed graphs Grids can be displayed or suppressed by user selecdon. For rea mg t e va ul d

point,pedaps no grid is needed at all. A user might simply ask the computer to display the value of any se ecte
point. (A.C.D.E)

1.2.4.6 11 Direct Display of Differences (Tier 2 - General)
Where users must evaluate the difference between two sets of data, that difference should be
plotted directly as a curve in its own right, rather than requiring users to comparr visually the
curves that represent the original data sets.
COhatEh7: (C)

1.2.4.6-12 Indicating Time (Tier 2 - General)
If time is plotted on the X axis,it should increase from left to right. If time is plotted on the Y
axis,it should increa.se from top to bottom.
COMMENT: (B)

1.2.4.6-13 Numbering Grids (Tier 3 - Design Details)

Graphs should be constructed so that numbered grids are bolder than unnumbered grids. If ten-grid intervals are used, the fifth intermediate grid should be less bold than the unnumbered grids.|
'

COMMENT. (B)

1.2.4.6 14 Restricted Use of Broken Axes (Tier 3 - Design Details)
When data comparisons of interest fall within a limited range, the scaled axis should emphasize that
range, with a break in the displayed axis to indicate discontinuity witn the scale origin.
COMMENT: Note, however, that a broken axis distarts the displayed amount in stlation to a base value and so
risks confusing users. In effect, a user will expect that a scale marked in regular intmals will continue in acenststent fashion. If an axis must be broken label that break clearly, perhaps with some indscator that extends

,

|

acrtra the displayed graph. (A.D.E)

1.2.4.6-15 Duplicate Axes (Tier 3 - Design Details)
When scaled data will contain extreme values, duplicate axes should be displayed, so that the X-'

axis appears at both the top and bottom, and the Y-axis at both the left and right sides of the graph.
COMMEhi: Extreme data values may be ined fr from conventionally placed axes. When duplicate axes are
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(A D.E)
displayed at the top and right side usas will find it easier to read the extreme values.

1.2,4.6 16 Use of Multiple Scales (Tier 3
Design Details)

At the user's request, the top and bottom x axes may be display-d with different scales.
COMhENT: Wh!.n different scales are used. the numerical values for the scales should be displayed in different type
fonts. (D)

1.2,4.6 17 Multiple Scales - (Tier 3 - Design Details)
When two or more dependent variables are displayed in aline graph, the default condition should

be that data be shown on separate two dimensional graphs.COMhENT: The gtsphs should be in the same display. However, when requested by the user, two independentthe left y and right y. axes would use different scales, as
variables may be displayed on a common graph as follows: ld be

may the top and bottom x-axes. When different scales are used,the numerical values for the scales shou
displayed in different type fonts. (D)

(Tier 3 Design Details)
1.2.4.6 18 Scaling Against a Reference Index
If different variables on a single graph seem to require different scales, they should be scaled
against a common baseline index, rather than showing multiple scales.COMhEb7; For example rather than showing power in megawans and profits in dollars,both might be graphed
in terms of percent change fmrn a baseline period. An indexed chan can permit comparisons among differentl i propnate
vanables when multiple scales would otherwise be needed. However, care should be taken in se ect ng an ap
base penod against which to index, in order to ensure that cornpansons will not be biased. Index scaling may also b0
appropriate for showmg the effect of a single variable whose units of rr.casurement change in real value with time.
(AE)

Restricted Use of Three Dimensional Scaling (Tier 3
Design

1.2.4.6 19

Unless required, use of three-dimensional scales (i.e., where a Z-axis is added to the display)Details)

should be avoided. Showing a 2 axis on a display that is limited to two actual dimensions will confuse many users. If
COMhENT: hi
three dimensional scaling is employed, a consistent method of representation (e.g., isometric or orthoFrap c
projection, perspective drawing, or triangular coordmate grid) should be used. It is often }xnsibir in graphic display
to rhow a third dimension through use of auxihary coding (e.g., color or shape coding, or supplementary(AE)
annotation). which may prove most effective than trying to represent a third sputal dirnension pictonally,

1.2.4.6-20 Numerical Scale Value Alignment (Tier 3 - Design Details)
Numerical characters that represent a value on a numerical scale should be aligned by their decimal

points.COhit 'ENT: For example, a scale being used to represent a continuous range of numbers rather than a nominal
(D)iunction. When whole numbers are displayed, a dectmal point should be assumed.
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1.0 INFORMATION DISPLAY
)2 Types of Displays
. 2.4 Graphics
1.2.4.7 Curses and Line Graphs

(Tier 1. Use)
Appropriate Use of Curves and 1.ine Graphs

Curves (smoothed line) or line graphs (straight lint agments) should be used for displaying1.2.4.11

relations between two continuous variables showing data changes over time.

"OhihiEhi: Lint graphs are regarded here menJy as a sTecial form of plotted curves,hence recommendatintts fordisplaytng curves art ir~. ended to app'y also to bne graphs. Curves art generally superior to other gnphic met o shd

ior speed and accuracy in integreting data trends Urdike panted graphs. computer. generated curves can showdynamic data change as in os:illoscote displays. A curve implies a continuous fun: tion. Where that could bed i t to the
misleading.a better choice might be a hr graph compowd of discrete display elements from one ata po n
nest. ( A.D.E)

Preference for Groohs over Tables (Tier 1
Use)

If the shape of a function is important in making decisions. a graph should be chosen rather than a1.2.4.12

COhihiEh7' Further. if data interpolation is necessary graphs and scales should be used in preference to tables.table or scale.

(8)

Preference for Gra9hs over Har Graphs (Tier 1 Use)

For task.s requiring both time to estimate trends and accuracy, the line graph should be used rather1.2.4.73

than horizontal bar or column charts.
COMbiENT: (B)

1.2.4.7-4 Surface Charts (Tier 1 Use)
When curves re7 resent all of the portions of a whole, a surface chart should be used. The areas
defined below tie curves should be te.4tured or shaded. Surf ace charu pennit smooth, continuous display of data categories that might be represented in more
disertte fann by a set of seFmented hars. Rus,rtcommendations for surface cJuins may te applied also toCOhiMEhi:

segmented bar chans. (A.E)-

1.2.4.75 Consistent Line Codes iTier 2
Consistency)

When coding by line type in a series of di elayed charts,line codes should be used consistently to
represent corresponding data.
COMMEN'T: (A.E)

1.2.4.76 Interpreting Graphs (Tier 2 Memory Load)
Curve and line graphs should .mnvey enough information to allow the reader to interpret the datn
without referring to additional sources.
COMhENT: (A)

1.2.4.7 7 Trending Time Intervals (Tier 3 Design Detsils)

Trend disp.ays should be capable of showing data collected during time intervals of different

COMMEh7: For example, a short time base of just a few minutes is needed to study fast changing trends, whilelengths.

other trends may not show sig nificant changes for senral hours. Ahhough several variable tiends may be groupedon the same display,it is very difficuh to put an entire pmcess ovetview in a single trend display. Otouped variables(B)
should be related, so the operator can contlaze changes in one variable with changes in other key vanables.

1.2.4.78 Multiple Trend Lines (Tier 3 Design Details)

Compared curve data should be displayed in one combined graph. COMMENT: De objective hen is an integrated display that will pmvide a user with all needed information. Ondifficult.
the other hand, as mort curves are added to a graph the user's task of companson will become more
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1.2.4.79 Safety Status Trends (Tier 3 Design Details)
Time history displays of safety status parameters should present the 30-ndn interval immediately
preceding the cunent real time.COhihiENT: Ttme history displays of parameters over a ncent time interval are a preferred means of dispiayingi dately
trend and rate of change data. A ume history of each safety status parameter for the thiny minutes mme i
preced ng carent real tirne is acceptable. Availabihty of time history data displays on either the prtmary SPDS

(B)
display format or on a secondary SPDS display formai is acceptable.

1.2.4.7 10 Single Value Line Chart (Tier 3
Design Details)

On a parameter vs. parameter type chart, where one dimension is plotted against the other on an X.
Y axis, the target area should te defined.
COhihiENT: De classic display example is the pressure temperature map, which presents a saturation curve tnat
bisects the subcooled water region and the superheated steam r:gion. This sort of display is best used for detecting
deviations from normal if a target area can be defined. By plotur:g a brief time history,one may be able to predicti lly when
where the values are headed. Care should be taken to distinguish the current value from past values.espec aiB)
the values change slowly. his can be done by placing at X or some other mark at the cunent value,

1.2.4.7 11 Minimize Clutter on Single Value Charts
(Tier 3 . Design Details)

Old data points should be removed after some fixed period of time.COhiMENT: Ideally, as one new point is plotted the oldest point should be removed, thereby maintaining a
constant number of displayed reints. (B)

1.2.4.7 12 Line Coding to Distinguish Curves (Tier 3 . Desi n Details)

When multiple curves are displayed in a single graph then line coding should be provided.Line
COMhCNT: Line coding must be pmvided panicularly if curves approach and/or intersect one another.
coding is required to distinguish one curve from another. (AI)

1.2.4.7 13 IILghlighting Multiple Curves (Tier 3 Design Details)

In charts displaymg multiple curver,if one curve represents data of particular significance, the r
that curve should be highlighted .
COhihiENP For example,if one curve represents critical /discre;mnt data, that curve might be displayed with a
noticeably thicker line stroke or in a different color, ifline coding is already used to distinguish among multiple
curves, then the means of highlighting any particular curve should be selected so that it will not be confused with
coding for visual separation. Fcr example.if displayed curves are distinguished by line codes (solid, dashed dotted.(A,E)
etc.), then one curve might be highhghted by displaying it in a different color.

1.2.4.7 14 Multiple Parameters: Identification (Tier 3 - Design Details)
When more than one parameter is presented in a plot, there should be means of identifying each
individual parameter. -

COMMENT: (B)

1.2.4.7 15 Multiple Parameters: Grouping (Tier 3 Design Details)

When more than one parameter is displayed on a plot, the gmuping of parameters should enhance
,

the operator's assessment of the safety su.tus of the plant.
COMMENT: (B)

1.2.4.7 16 ' Linear Profile Chart (Tier 3
Design Details)

A horizontal line representing normal e nrating conditions should be superimposed on the display,s

COMMENT: (B)

1.2.4.7 17 Linear Profile Pattern Recagnition (Tier 3
Design Details,

'1he chart should be designed so that it forms taognizable geometric patterns for specific abnonnal

COMMENT: ne linear aspect of this display format is confuh; and makes panern recognition marginal, but it isconditions.
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i l prurde would te
considered akquate for determining the problem as well as seventy. For eaample, an rregu ar

(D)indicanve of abnormal operating conditions.

1.2.4.7 18 Coding Linear Profile Charts (Tier 3
Design Details)

The area beh w the profile line should be shaded to provide a more distinguishable profile.
COhihtENT: (D)

1.2.4.7 19 Labeling Linear Profile Charts (Tier 3 . Design Details)
Labels should be provided along the bottom to identify each parameter.
COhiMENT: (B)

1.2.4.7 20 Circular Profile Chart (Tier 3
Design Details)

The circular profile chart should be designed so that it fomu a recognizable geometric pattem for
f

COhniEN7: Und:r normal operating conditions, the profile should be circular. An irregular profile is indicative o
-

specific abnormal conditions.
il

an abnormal operating condition. As the user becomes experienced with the circular profile, the asyrnmetr :apolygons that result from off. normal situadons should become more familiar. For example, a steam generator tutef design. (D)
rupture may result in an hourglass shape or a loss.of coolant accident might produce a cloverlea

1.2.4.7 21 Labeling Circular Profile Displays (Tier 3
Design Details)

Labelt should be provided to identify each radial line.
COMMENT: (B)

1.2.4.7 22 Coding Circular Profile Displays (Tier 3
Design Details)

The area within the profile should be shaded to enhance the operator's perception of plant status.
COMhtEh7: (B)

1.2.4.7 23 Broken Lines for Pro.iccted Curves (Tier 3 . Design Details)
Curves representing planned, projected or extrapolated data (e.g., broken, dashed or dotted lines)
rhould be distinctive from curves representing actual data (e.g., solid curves).
COMMENT: (A.E)

1.2.4.7 24 Cumulative Curves (Tier 3 . Design Details) |
Cumulative curves may be used to show the etnTent total at any point. Cumulative curves should

~

not be used to extract ciuantitative or rate of change data.
COMMENT: Cumulative curves tend to 's ash out' local vartanons in the displayed data. The rate of change in
incremental data can be estimated byjudging the slope of a cumulative curve at any point,but that is hard to do.i

j

(A.E)

1.2.4.7 25 Repeating Display of Cyclic Data (Tier 3
Design Details) i

Where curves represent cyclic data, the graph should be r xtended to repeat uncompleted portions
|

of the displayed cycle. COMMENT: The intent here is to allow users to scan any critical portion of the displayed cycle without having to|particular
return visually to the beginning of the plot. Ilow much extension is desuable will depend on :.rI

(A.E)
application. In short, data that are used together should be displayed together.

1.2.4.7 26 Ordering Data in Surface Charts (Tier 3
Design Details)

The data categories in a surf ace chert should be ontered so that the least variable curves are!

displayed at th: bottom and the most variable at :he top.
'

COMMENT: Sometimes there are independent logical grounds for the ordering of data categories. If a surface chanconstructed on a logical basis pro:!uces confusing irregularity of curves, then it might be better to display the data in
some other graphic format. In a surface chart, any irregularity in the bocom curve will ' propagate" throughout the

|

|
curves above it which will make it difficult for a user to distinguish whether apparent irregularity in upper curves is|(A.E)real or mesely a consequence of this method of }vesentation. |

1.2.4.7 27 Labeling Surface Charts (Tier 3 . De lgn Detr.ils)
,
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Where space permits, the different areas of surface charts should be lateled direaly within the
textured or shaded bands.
COhihtEhi: (AE)

1.2.4.7 28 Hand Charts (Tier 3 Design Details)

Allitems on a band chart should be related to the total.A band chan contains a senes of tunds depicting the components of a total series he values of the
bands (or strata) are plotted on an X.Y plot. Each of the bands are added to one another so that the topmost boundaryCOhihiENT:

represents the sum of all bands. For example, tend chans can be used to show how much ech turbine is
cor.tributing to total flow. his format is most useful when all elements ~vimue equally to the total under
nmnal circumstances. Band chans should not be used when changes it: e a movement of a series are alvupt, or
where reurate readmg of a component is of paramount importance. (B)

1.2.4.7 29 Reference Index (Tier 3 . Design Details)
When curves must be compared with some critical value, a reference index in the chan to aid that

comparison should be included.COhihtENT: In such cases, the index might be displayed as a horizontal or venical line, or perhaps as a reitrence
curve of some kind. (AI)

1.2.4.7 30 Compatible Ordering in Legends (Tier 3 Design Details)

If a legend must be displayed, the codes in the legend should be ordered to match the spatial order

of their correspording curves in the graph itself.COhihiENT: If legends are shown for a series of related graptis, then adopt some logical order consistently for all of
those legends. (AI)

L2.4.7 31 Screen Area of Coverage (Tier 3 . Design Details)
Graphs should exceed eight degrees of visual angle,
COhihtENT: Figures composed of distiret smaller elements are perceived holistically when less than eight degrees
of visual angle in size. he perception of the smaller elements predominates when the figure is greater than eight
degrees. (D)
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1.0 INI'ORM ATION DISPLAY
1.2 Types of Displays

Graphics1.2.4 Ilar/ Column Graphs and IIistograms1.2.4.8
(Tier 1 Usc)

Appropriate Use of liarGraphs and llistograms
Bar graphs should be used when comparing a single measure across a set of several entities, for a1.2.4.8 1 nment of
vatiable sampled at discrete intervals, for a variable at different times, or to show apporuo

a totalinto its component parts.COMMEhi: De value of the bar Fraph format. as with other graphie displays,is to speed informationh

assimilation by a user, in some apphtations, however, a ur * can scan displays in a leisurely way,as w enically

re'.itwqr pnnted output. In su:h cases, the (hta shown in a lut graph could often be presented more econom( A,C.D.E)
(i.e.. rest computly) by a textual desenption or in a small table.

1.2.4.8 2 llistograms (Tier 1 Usc)
Histograms (bar graphs without spaces between the bars) nuy be used when there are a great many
entities or intervals to be plotted.llistograms are of ten used to plot frequency data. i.e.. the frequency of observauons ior each of manyLet fenec* appearan:e which

Abons,a histogram will avoid the *pi:COMMEhi:
intervals scaled alonE the X. atis. For such appb:

myht result imm spaces between hars. ( A.C.E)

1.2.4.8 3 Stroke Type Charts (Tier 1 - Use)
Stroke type charts can te used as altematives to conventional full bars.
COMMENT: (11)

1.2.4.8 4 Vertical liar Charts (Tier 1 - Use)
Column charts or vertical bar charts should be used when the direction of change of themeasurement is to be emphasized or when time is represented by one of the axes of the chart.
COMMEh7: Column cnaru can be mort effective than line Fmphs in displaying a single set of data which covers a

(B.D)
shon pericd of ume (e.g., data measure over a pericx! of a weel).

1.2.4.F.5 Stacked or Segmented liars (Tier 1 - Use)
Stacked bars, in which differently coded segments are shown cumulatively within a bar, should te
used when both the total treasures and the portions represented by the segments are of interest.
COMMEh7: (A.E)

1.2.4.8 6 Consistent Orientation of Bars (Tier 2 - Consistency)
In a related series of bar graphs, a consistent orientation of the bars (vertical or horizontal) should

be adopted, If bar length is used to represent time duration, then it might be more appropnate to orient the twsVertical twsCOMMEhi:
horuontally,in a: cord with the general conventicri of ploning time on the horizontal atis of a graph.(A.E)
can te used to display firquercy counts or a large variety of other measured anributes.

1.2.4.87 Reference Index for Normal Operations (Tier 2 - General)
Bar charts should contain reference (s) to the normal operating condition (s).
COMMEN7: With refestnces showing normal parameter operanns values the o}erators art more likely to notice
devtations from normal conditions. (B)

1.2.4.8-8 Reference Index for Critical Values (Tier 2 - General)
A reference index should be included in the chan when the extent of displayed bars must te
compared with some critical value.
COMMEh7: Indeting may te compli med in simations where the displayed bars do not represent a common
measurt in such a case,it might help to choose (or devise) an indet scheme so tha: bar lengths will fati in the
same zone under nmnal cordtions, so that deviations in har length will be stadily noticed by users who must
monitor changing data. For example, a heruontallire might be an siequate reference index for a venical bar graph.I

I
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( A,E)

1.2.4.89 liar Spacing (Tier 2 General)
When data must te compared, tars should te adjacent to one another. Adjacent bars should be
spaced such that a direct visual comparison can te made without eye movement.
COhihiENT: In this regard,the spacing between bars stould be less than the bar width. If there are a great many
tws to te displayed, then rpacing will prtxiuce an altemating partem of toght and dark bands that could prove
visually disturbing. (A.C.E)

1.2.4.8 10 Paired or Overlapped Ilars (Tier 2 General)

When paired measures from two data sets must be compared, each pair should be displayed as
contiguous or (partially) overlapped bars.COhihiENT: For enample, a common application of p;ured data is the display of planned versus actual quantities.
Paired hats will permit a dacct visual comparison by the user. Wher more than two data sets must te compared, a
display of gmuped bars will be less effective. As the number of matched items tecomes larger.it might te better to
display the e ets in separate har graphs, or to allow users to select different sets of data for timultareous display.

(E)

1.2.4.8.<\ IWghs At ' Tier 3 Design Details)
In a simph wcp ?, a cru bt.t represents data of particular significance, then that bar shotdd be
highlighted.00hihtEN1: If one t er reprc:ents cnticalldiscrepant data, then that har might te coded differendy, for cumple,
using solid black rdt. r men cross hatched highlighting. However,if tar coding is already used for other purposes,
such as to distinguish among different sets of trouped hars, then no additional IJghlighting code should te
supenmposed on the bars themselves; pertutps some other means of hi6 ughdt g (e.g., an snow) might te ady ?d.h

(E)

Ordering Data in Stacked liars (Tier 3 Design Details)

In stacked bars, the data categories should be ordered within each bar in the same sequence, with1.2.4.8 12

the least variable categories displayed at the bottom and the most variable at the top.(A.E)
COhiMENT: In effect, a series of stacked b:::. ts analogous to the stacked curves of a surface chart.,

1.2.4.8 13 Restricted Use (J Icons (Tier 3
Design Details)

leonic symbols of varying size (rather than simple bars) should be used to represent quantitativevalues in bar gra?hs only in special cases when unambiguous icons can be provided and when no
interpolation will be necessary.
COhihiENT: In general, use of icons to represcrit quantitadve informadon should te avoided. Icons are often
ambiguous, and so must te explaired somewhere on de display. In aridition, users will fmd it difficult to interpolate
using icons. (A.E)
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1.0 INi'OltM ATION DISPLAY
1.2 Types of Displap
1.2.4 G raphics
1.2.4.9 Pie Charts

1.2.4.9 1 Itestricted Use of Pie Charts (Tier 1 _Use)

A pie chan should be used only to shcw the relauve distribution of data among categories.
COhihiENT: in other words, for deplaying data Quit represent propomonal twu of a whole, he charu should not
be used when the vie wer is to estract quanutauve inkrinauon; a tar fraph will pemut more accurate interpretauon
for su:h apphtauons. hiuttiple pie charts will not pernut accurate corninrison of dtff erent totals.ahhough different-d

stied pies can be used to inicate pross differeecs Sta: Led bar traphs will prove more eff ecove for Otis purpo:.e an(A.E)
should be used when it is necessary to show propomorn of different totals.

1.2.4.92 Numeric Labels (Tier 2 General)
_

Numbers should te added to pie chan segment lab:ls to indicate the percentage and/or absolute
values represented in the display index. .

COhthiENT: (E)

1.2.4.93 liighlighting (Tier 2 General)
If a partcular segment of a pie chart requires emphasis,it should be highlighted by special hatching
or shading and/or by * exploding", (A.E)

'Expkding" means daptacing it slightly inen the remainder of the pie.COh1 MENT:

1.2.4.9-4 Partitioning the Pie (Tier 3 Design Details)

Paruuoning should te limited to five segments or less.
COhih!PNT: (A)

1
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1.0 INi'ORM ATION DISPLAY
1.2 Types of Disnlays
1.2.4 Graphica
1.2.4.10 Scatterplots

(Tier 1 - Use)
1.2.4,10 1 Appropriate Use of Scatterplots
Seatterplots can te used to show variable conelatiorn or the distribution of points in space.
COhihiFJ4T: Scauerplots.as the name impbes are someurnes used to show a dispersal intended to ind care non-correlation of vanables. But s:auerphits rnay not k convin;ing for that purpose, tecause users will often perceive
or imagine partems in scattend data points where none a:tually eaist. Note that scatterplots cannot be showneffecuvely in most iorms of three-dimensiona! spatial representauon because of inherent display ambirtuties. (Hereh h

the tnangular pnd might k considered an esception.) A third din.ension rnight k represented by ccx ng t ei

symbols used to plot different data categones. If that is done, however, the visual correlation between any twovanables in the s:stterplot will k obscured. Curves can be supenmposed on scatterptots (data plotted as po nts ni ia
iil r s thus

two- dimensional graph) to indi: ate cornputed data trends, conelatens, or other denved stat st ca measu e ,
combirung Iwo types of graptut d splay. (A.DI)

1.2.4.10 2 liighlighting (Tier 2 . General)
If some plotted points represent data of particular significance, they should be highlighted to make
them visually distinctive from others.Signifi: ant data points miF t be highlighted by bol6ng, color, blinbng, shape coding, or otherh
COMhiEN'T: (A.E); rneans, or might be designated by supplementary display annotation.

(Tier 3 - Design.

Grouping Scatterplots to Show Multiple Relations1.2.4.10 3

When relations among several variables must be examined, an ordered group (matrix) of
.

Details) '

scatterplots should be displayed, each showing the relation between just two variables.
COhihiEhT: The ordering of several scatterplots in a single dirplay might help a user discern relations among

'

micra: ting vanables. (A E)

1.2.4.10 4 Interactive Analysis of Grouped Scatterplots (Tier 3
Design

.

When scatterplots are grouped in a single display to show relatiorts among several variables, aninteractive aid should te provided for analysis so that if a user selects a set of datain one plot then
Details)

the co!Tesponding data points in other plots will be highlighted.
COhthiENT: Data selection might be axomplished by 'bntshing* a scanerplot with a superimposed box of
controllable site to define the data set of interest. That techruque can exploit t}e capabilities of intera:tive graphics

>

(E)
to permit a range of data analysis not possible when using printed graphs.

,

,

.
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1.0 INFORMATION DISPLAY
,

1.3 Display Elements
1.3.1 General

,

(Tier 2 . Task Compatibility)
The rate of update should be contro!Jable by the user and should te determined by the use to be1.3.1 1 Display Update Rate

d for
made of the information. The maximum update rate should be determined by the time require
the user to identify and process the changed feature of the display,
COMhm: he minimum and manmum update rate should te determined by the requirrments of the user's(C.D)
informational needs and rate of cognitive pmcessing of the information by the user for exh type of tad:.

1.3.12 Freeze Feedback (Tier 2 Feedback)

An appropriate label should be provided to remind the operator when the display is in the freeze,

mode.
COMMENT: (C)

1.3.13 Number System (Tier 2 General)
When numeric data is displayed or required for control input, such data should be in the decimal,
rather than binary, octal, hexadecimal or other number system.
COMMENT: (C)

1.3.1 -4 Parameter Validity Check (Tier 2 General)

The system should suppon the user in monitoring: critical parameters, parameters that change very
rapidly, and parameters that change very slowly, The system should alen the user when values
COMhM: Users may not be able to perceive the valuer of changed parametas if the update rate is very fast. Forare out of range.

slowly chanF ng data. fixation on a display for an extended period of time (1 10 minutes) may result in selective
adaptation. This lowers sensitivity to a stimulus similar to the one fixated upon. Long term fixation to an

i
(D)

unchanging display may result in delayed textion time to an updated stimulus which is similar in fonn,

1.3.15 Display Freeze or Snapshot (Tier 2 General)

A display freeze mode should be provided to allow close scrutiny of any selected frame that is
updated or advanced automatically by the system.
COMMENT For fioren display frames, an option should be pmvided to allow resumption at the point of stoppage
or at the cunent real-time point. (C.D)

1.3.16 Continuous vs. Discrete Data Changes (Tier 3 - Design Details)
Continuous changes should be used to present real time data or to show trends in recorded data.
Disc ete changes shnuld occur at the user's request or as some standard increment is reached by
reabtime data values.
COMMENT: (D)

1.3.1 7 Continuous Viewing Requirement (Tier 3 - Design Details)

When the requirements of an operation monitoring task dictate that current data changes becontinuously viewed, the user should have the option of simultaneously viewing the " snapshot"
,

display and the continuous display.|

COMMENT: (D)

1.3.18 Changing Values (Tier 3 - Decign Details)
Changing alphanumeric values which the operator must reliably read should not be updated morei

often than once per second.
COMMENT: Changing values which the viewer uses to identify rate of change or to read gross values should not
be updated f aster than 5 times per second. nor slower than 2 per second, when the display is to be considered as real.

! time. (C) '

,
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1.3.1 9 Display Motion (Tier 3 . Design Details)
ltems on a Fraphic display :;hould not move faster than 60 degrees per second of visual angie, with
20 depees per second preferred. COMMENT: Dunng motion, pois visual attributes and spatial oriemation are usually preserved while small details(D)
may te lost or processing slowed. Perception of fast moving stimuli may be mcomplete.

_

,
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1.0 INFORMATION DISPLAY
1.3 Display Elements
1.3.2 Cursor
1.3.2.1 General

1.3.2.1 1 Distinctive Cursor (Tier 2 . General)
Cursors should have distinctive visus) features (shape. blink, or other means of highlighting).

A cunor is the most immediate and cononuously available form of user guidance, since i; will
generally mark the current fo:us of user anention. Different cursor formats may denote different operanottalCOhBENT:

conditions. If that is done, each of those different cursors should be distin:tive from other displayed items, and fmm
An underscore cunor would be difficuh to see on a display of underscored text, or on a graphical

display contaming many other imes. If the curs'r is changed to denote different fun:tions (e.g., to signal d:letionrather than entry), then ca:h different cursor should be disunguishable from the others. If multiple cunors are used
exh other.

on the same display (e.g., one for alphanumen; entry and one for bne drawing). then erh cunor should be
distinguishable from the others. (D.E)

1.3.2.12 Non Distracting Design (Tier 2 General)
The cursor should not be so distracting as to impair the searching of the display for information.

unrelated to the cursor.
COMhENT: (B)

1.3.2.13 Slable Cursor (Tier 2 . General)
The displayed cursor should be stable.COhBEh7; 1.e.,is should remain where it is placed u'itil rnoved by the user (or by the computer) to another

The intent of the recommendation here is to avoid unwanted 'drif t".
Some special applications, such as

position. (E)
aided tra: Ling, may benefit from computer. controlled cursor rnov . ment.

1.3.2.14 Consistent Cursor Positioning (Tier 2 . General)
When entering a display, the computer should automatically positions the cursor in a consistent

display location.COhBENT: For example, for data entry displays, the cursor should be pla:e4 initially at the ftrst data field.
(E)

1.3.2.15 Cursor Selection Area (Tier 3 . Design Details)
When cursors are used in selecting display areas, a large area for pointing should be provided,
including the area of the displayed text label, plus a half character distance around the label.
COhBEST: (A)

1.3.2.1 6 Multiple Pointing Cursor Control Devices (Tier 3 . Design Details)
When there are multiple cursor centrol/ pointing devices, a unique pointing cursor shape should be
associated with each device,
COhBEh7: (D)

1.3.2.1.'1 Unique Shapes (Tier 3 - Design Details)
Cursors of different shapes should be used for different purposes,
COhBENT: The shape of a cursor should reflect the state of the system cr processing mode. A specific cursor
should tx uniquely assigned to a spectfe purpose to provide state a mode information to the user. A straight line
cursor m pht be used as the placeholder cunor to indicate entry position in a worti pVeessing taAL, an arrow might
be used as a pointina, cursa to indicate seten structures, and an X shapo:1 pointing cursor might be used when the
u: t caruot intera:t with the system. Within this general framework, the numter of cursor shapes used should be
kept to : mirdmum. (D)

|

Page 50
Section 1: Information Display

__ _ __ ._ _ _ __ _ __. _ . . _.



- - - - - _ _ - _ - _ _ _ _ .

, ,

|

INFORM ATION DISPLAY1.0
1.3 Display Elements
1.3.2 Cursor
1.3.2.2 Pointing Cursors

Pointing Cursor Visibility (Tier 2 General) i

The pointing cursor should be visible to the user at all times and may obscure characters unless t1.3.2.21

interferes with performance within an application. COMMENT: To maintain pointing cursor quahiy. tne cursor shcuid obsa:rt other chara:ters, not vice versa.
(D)

1.3.2.22 Pointing Cursor Illink (Tier 2 - General)
The pointing cursor should not blink.
COMMEN7: (D)

Pointing Cursor: Image Quality (Tier 3
Design Details)

Pointing cursors should maintain irnage quality throughout an entire range of motion within thedisplay. The position of the pointing cursor should be clearly visible dunng movement from one
1.3.2.23

screen position to another. Flicker should be minimind.
COMMENT: (D)

1.3.2.24 Pointing Cursor Shape (Tier 3 - Design Details)
To the greatest degree possible, pointing cursors should be completely graphic and should not
contain a label. h b (D)

COMMEN7: llowever,if a pointi. g cursor includes a label, the text should be large enouF to be reada le.
(Tier 3 Design Details)

1.3.2.2 5 Pointing Cursor: Size Constancy
The pointing cursor should maintain its size across all screen and display locations.
COMMENT: (D)

1.3.2.26 Pointing Cursort Movement (Tier 3 - Design Details)
The movement of the pointing cursor should appear to the user to be smooth and continuous with
smooth and continuous movement of the cursor control device. The pointing cur,or should not
move in the absence of any input fre.,m the user.

COMMI.N7: (D)
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INFORMATION DISPLAY
j

1.0 ,

1.3 Display Elements i

1.3.2 Cursor
1.3.2.3 Placeholder Cursors

'

Placeholder Cursor Visibility (Tier 2
General) i

The placeholder cursor should only be visible when text enny is possible.1.3.2.3 1 s

COhBENT: (D)
(Tier 2 . General)

Identification of Placeholder Cursor
i he

At the initiation of a task, an application, or a new display, the user should be able to detenn ne tlocation of the placeholder cursor without an extensive search. Following the initial placement o1.3.2.3 2 f
t |

the placeholder cursor, the position of the cursor should be under the user's controCOhfMEtU: For example, the cursor might be placed initially at the first data field in a data form, at t e u
h pper left

'

l h cter of a word
comer of a blank display in a word processing task, and immediately following thc ast c ara(D)
processing display containing alphanumeric characters. -

1.3.2.3 3 Placeholder Cursor Blink (Tier 2
General)

- .

If placeholder cursor blinking is to be used to direct the user's attention, the default blink rated line

COhBErn: A blinking cursor need not obscure characters - for example, the blinking cursor may be an un ershould be 3 Hz.

(D)
that does not cover the entire ctaracter.

(Tier 3 Design Details)
,

Nonobscuring Placeholder Cursor
The placeholding cursor should not obscure any other character displayed in the position

,

1.3.2.3 4

(A.E) i

COhBENT: As an example, a block cursor might employ brighmess inversion (* reverse video').designated by tne cursor.

(Tier 3 . Design Details)
1.3.2.3 5 Number of Placeholder CursorsThere should be only one placeholder cursor per window.

<

COhBTENT: (D)

1.3.2.3 6 Placeholder Cursor Slae (Tier 3
Design Details). -- .

The placeholder cursor should assume the height and/or width of the text characters adjacent to it.
COhihENT: (D)

'

)

i
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INFORMATION DISPLAY1.0
1.3 Display Elements
1.3.3 Text, Style, Character

1.3.3 1 Consistent Text Format (Tier 2
Consistency) d

A consistent format should be used from one display to another when textual material is formatte ,
as in structured messages,.
COhnBT: (AI)

1.3.3 2 Consistent Word Spacing (Tier 2
Consistency)

Consist nt spacing between the words of displayed text should be mrintained,with left
justification of lines and ragged right margins.COhBET: Reading is easier with constant spring, which outweighs the advantage of an even right marginlumn

achieved at the cost of uneven (nonproportional) spacing. Uneven spa:ing is a greater problem with narrow coformats than with wide columns. Uneven spacing handicaps poor readers more than good readers. Right Jmtificationi h ld ortly te employed if it

with nonproponional spa:ing (fill justified) slows reaing time. PJght justificat on s oucan be achieved by variable spacing, maintaining constant pmpornanal differences in spacing between an w t
d i hin

(A.D.E)wc-ds, and consistent spacing between words in a lire.

1.3.3 3 Conventional Text Display (Tier 2 . Meaningfulness)
Computer. generated displays of textual data, messages, or instructions, should generally follow
design conventions for printed text. Adoption of familiar design conventions for teat display will termit users to rely on prior reaingCOhSB7:
skills. (AI)

1.3.3 4 Conventional Punctuation (Tier 2 . General)Conventional punctuation should be used in textual display; sentences should end with a period or
other specialpunctuation.
COhan7: (AI)
1.3.3 5 Clarity of Wording (Tier 2 General)
Text displays, especisily text composed for user guidance, should employ simplicity and clarity of
wording.
COhBh7: (AI)
1.3.3 6 Distinct Wording (Tier 2 - General)
Distinct words rather than contractions or combined forms should be used, especially in phra.ws

COhSS7: For eaample. 'will not* should be used rather than * won't.* 'this pra:tice will help users understandinvolving negation.

the sense of a message. (AI)

1.3.3-7 Conventional Use of Mixed Case (Tier 2 - General)
Text should be presented using upper and lower case characters.
COhBENT: Reading teat is easier and faster when capitalizanon is used conventionally tc stan sentences and to

indicate pmper nouns and acronyms. 'There are several eacepuons, however. An item intended to attract the user'sanention, such as a label or title might be displayed in upper case. Also. upper case should be used when lower case
lenen will have decreased legibility, e.g., on a display terminal that cannot show true descenders im lower case
letters. (A.DI)

Time insensitive Character Recognition. (Tier 3
Design Details)

' Die height of characters for reading tasks in which identification of individual characters is not time.1.3.3 8

critical should be 10 minutes of are minimum.
COhBET: (F)

1.3.3 9 Readability (Tier 3 Design Details)
.
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The minimurn character height should be 16 minutes of are and the maximum character he g t
should be 24 rninutes of are for tasks in which readability is important.(F)

COh! MENT: Character heights of 20 to 2? minutes of arc are prefened for reading tasks.

1.3.3 10 Legibility (Tier 3 Design Details) ii t t

A minimum character height should be 16 minutes of arc for tasks in which legibility s mpor an .h ld not be

COhthiENT: The prefened chaneter height for dese tasks is 20 m 22 minutes of arc. Characters s ou(F)
larger than 45 minutes of arc when groups of chaneters are displayed.

Character Fnrmat/ Aspect Ratio (Tier 3 - Design Details)i
,|A 4x5 (width tcwheight) character matrix should be the minimum matrix used for superscr pts a..for numerators and desiominators of fractions that are to be displayed in a single character position.

1.3.3 11

)'t l such as
COMMEhT: The 4x$ mainx may te used also for alphanumeric irtformation not related to the user s ai ,id maint used for numeric ~

copynght idenufication. A $x7 (width.truheight) character matrix should be the m r mumd by two dot posidonsif diacntical
and uppercase.only prevntauons. The venical height should be increased upwart x for tasks that require

marLa are used. A 7x9 (width.trwheight) character matrix should te the minimum ma nii n nt such asin
continuous reading ior context. or when individual alphabetic tharacter legibility s mpo a ,i if diacritical marks are

proofreadmg. The verucal height should k increased upward by two dot (pixel) posit onsl dot (pixel) position,

used. If lower case is used. the vertical height should te increased downward by at east oneld be greater than 1/12 of

pref erably two or more, to recomm(xiate descenders of lower case letters. Stroke width shou(F)
the character he,ght. A stroke width may be more than one pixel wide.

Character Ilcight to Width Ratio (Tier 3 . Design Details)
For fixed (as opposed to proportionally spaced) column presentations, the height to width ratioL3.312 line,

should be between 1:0.7 ta 1:0.9. For display formats requiring more than 80 characters on a
dfor

COMMENT: For proponionally spaced presentations, a height.itwwidth ratio closer to 1:1 should te pennitteratios as low as 1:0.5 are permitted
h is the

rame characters,Ior example.tre capital leuers M and W. The teight.to aidth ratio of a given c aracterd capitalleuer, Some

vertical distance between the top and bouom edges, and tie leh and right edges of a nonaccenteletters, however, are customarily seen as narrower than others. For example,in a given character set the ener , an
t I d

id h Accordingly,

sometimes the letter J, appear rutripwer than M and 2. lowercase leuers may sitnitarly vary in w t .id h that is,the width that occurs

the height-husidth ratio of a given character set thould be the modal character w t -most of ten in the set of capitalleners. These measurements are to te made at the sarne luminance eve
l l as the

resolution measurement. (F)

1.3.3 13 Character lleight (Tier 3 - Design Details)The default value for character height should be 15.0 to 22.0 minutes of arc ,with 20.0 minutes of
Height (inare prefened.

COMMENT: Minutes of arc can be convened into height in millimeters as follows:MA is minutes of arc, and D is the distance from the user to the screen (in mm).
mmM.xD(MA)/21600, where

(D)

1.3.3 14 Character Width
(Tier 3 - Design Details)

The default value for character width should be 60% to 80% of the upper case character height
COMMEST: (D)

1.3.3 15 Inter.VA,rd Spacing (Tier 3 - Design Details)
A minimum of one character width (capital N for proportional spacing) should be used between
words.
COMMENT: (F)

|
1.3.3 16 Inter.Line Spacing (Tier 3 - Design DetalS)
A minimum of two stmke widths or 15 percent of characta he ght, whichever is greata, should be

|

|
used for spacing between lines of text.|

COMMENT: 'Ihe space terween hres of text should tot te used for uppense accent marts ce for lower caseL
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descenders of cluraciers. (F)

Inter. Character Spadng -(Tier 3 , Design Details)
Between-character spacing should be a mirdmum of 10 percent of character height.1.3.3 17

COhihM: (F)
1.3.3 18 Interline Spacing (Tier 3 . Design Details) |Spacing between lines of character groups should be at least one third to one. half the height of theJ

tallest character. \
COMhm: (D)
1.3.3 19 Interline Serif Specing (Tier 3

Design Detalis)

The space between the tallest character of a lower line should not be less than one stroke width,

from a character above it that projects below the line.
COMMENT: (D)"

,

1.3.3 20 Separation of Paragraphs (Tier 3 . Design Details) |
d by atleast one blankline. -

. Displayed paragraphs of text shoutd be separate
COMhM: - (A.E) !

1.3.3 21 Justification Options (Tier 3
Design Details)-

Right justification and fill. justification options should be available to the user.
|

COMMENT: .(D)- '

1.3.3 22 Line Length Options (Tier 3
Design Details)

Users should have the ability to change the line length for an entire text fde or for any particular'

.

section of a file, down to a specific line. ;

i

COhatENT: (D)

1.3J.23 Default Llae Length (Tier 3. Design Details)

'Ihe default condition for line length should be between 52 and 80 characters. COMMENT: Line lensths of less than 52 characters result in slower readmg times, but line lengths from 52 to 78
.

.;

8

characters do not produce differences in reading time. However. 80 characsers is mat standard than 7 characters.
(D)

1.3.3 24 Default Margin Settings (Tier 3 -Design Details)
,

h
'Ihe def ault values for the margins m a text file should be set to permit viewing of all of t e

.

'

characters in the entire horizontal line. *

COhnw: (D)
1.3.3 25 Setting .' labs (Tier 3 Design Details)
Users should have the ability to set tabs for any particular section of a text file, including the entire,

file.
COMh m e (D) '

Changing Line Spacing -(Tier 3
Design Details) .

Users should have the ability to change the line spacing for an entire text file or for any particular1.33,26

section of a file.-
COMMENT: (D)

(Tier 3 Design Details)

1.33 27 Intercharacter SpecingMmimum spacing between successive characters on a line thould be one pl.xel or 20% of character
'

width (whicheveris greater).
i

. D)(COMMENT:

Sentences Begin with Main Topic (Tier 3
Design De- als)j

.

,

.

133 28 |
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The rnain topic of each sentence should be located near the beginning of the sentence.
COMMEtC: (E)

1,3,3 29 Concise Wording (Tier 3
Design Details) d

When speed of display output for textual material is slower than the user's nonnal reading spee ,
the text should be worded concisely to aid comprehension.COMMEtG: The goal here is to make wording concise but not cryptic. Omining articles 7the*,'a*), pregos t o

ii ns
l reduce

('of*,'by*) and relative pronouns (*duu', *which*, *who*) may save some space, but may a so
understandahihty. (E)

(T;er 3 Design Details)
1.33 30 Affirmative Sentences
Af firmative statements rather than negative statements should be used. COMMENT: The user should te told what to do rather than what to avoid.For etample. * Clear the screen

before

* f A.E)
entering data * is preferred over *Do rot enter data lefore clearing die screen.

1.33 31 Active Volte (Tier 3
Design Details)

Sentences should be composed in the active rather than passive voice.h b

COMME.NT: Sentences in the a:tive voice will genera!Jy be casier to understand. For example,' Clear t e screen y(A,E)
pressing RESET * is pref erred over "The saecri is cleared by pressing RESET *

(Tier 3 - Design Details)
When a .4entence describes a sequence of events,it should be phrased with a corresponding word1.33 32 Temporal Sequence

f

COMMEtG: Ternporal order is clearer. Reverse order may confuse a user.For example.* Enter LOGON te ortorder.

running programs" is preferred over *Bef are runrdng programs enter LOGON (E)

1.33 33 Adequate Display Capacity (Tier 3
Design Details)

When a user must read continuous text on line, at least four lines of text should be displayed at one

COhhENT: Four lines of text is the mirdmum that should be displayed when the reading material is simple incontent. If the content is more complex,or if a reader will need to reier frequently to previous materia , t en more
time. lh

hnes of text should be displayed. (A.D.E)

1,33 34 Text Displayed in Wide Columns (Tier 3
Design Details)

Cc;ntinuous text should be displayed in wide columrts, containing at least 50 characters per line. COMMENT: When space for text display is limited, a few long lines of text rather than many short lines of textdin narrow
should te displayed.1 ext displayed in wide columns willle read significantly laster than text displaye
columns. (E)

1.33 35 lirightness Ratio (Tier 3 - Design Details)
The characters should be at least twice as light (or dark) as the background.
COMMENT: (D)

13.3 36 Combining Text with Other Data (Tier 3 - Design Details)
When text is combined with graphics or other data in a single display, thus limiting the spaceavailable for text, the text should be formatted in a few wide lines rather than in narrow cohtmns of
many shortlines.
COMMENT: (E)

1.3 3 37 Placing Figures Near Their Citations (Tier 3 - Design Details)
When tables and/or graphics are combined with text, each figure should be placed near its first

citation in the text, preferably in the same display frame.COMMErn: Readers may not tother to find and look al a figure if it is dirplayed separately imm its citation in thed bl t llow optional
text. As an exception,if a figust is cited at several points in the text, then it might te esira e o a

dtsplay of the figure at user request, perhaps as a temporary window overlay at each point of citation. Also,if afigure is cited at several points in pririted text, and particularly if that t .xt may te accessed at different places by its
1
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the end of each

readers, then it might be desirable to troup figures consistently at a particular location, such as at
,

section. (A.E) l

(Tier 3 - Design Details)
Under normal illuminad m (non dark adapted), dark characters on a light background should be1.3.3 38 Figure Ground Contrast idh ld be
used. In environments requiring dark adaptation, light characters on a dark backgroun s ou|

used.
COhihENT: (D)

1.3.3 39 Font Style (Tier 3 Design Details)
The f ollowing fonts have been specifically recommended for use on CRTs: N AMEL font for thef
alpha characters, AMEL or AND font for numerals, and Leroy font and Lincoln / MITRE font or

ibibry and, for most computers,isalphanumeries.
he basi: evaluation criterion for font t. election should te leff ho ldle

more influenced by resolution, character sitt, spacing, and interline spacing than by font styles. Pre erence s uriven to simple styles with straight lines Script and other highly stylized fonts should be avoided (e.g., shadow,
COhSEhi:

While the above

calbgraphy). The number of actual fonts available for use on visual display terminals is unlimited. fonts have been demonstrated empirically to be adequate for use on CRT displays, they are by no means the only
fonts recommended for use. (B.D)

1.3.3 40 Font L..les to Avoid (Tier 3 y Design Details)
In general, fonts should have true asce1ders and descenders, uniform stroke width, and uniform
COhBENT: Avoid type iaces that have extended serifs, intemal patterns, or stripes; are italicized, sten lled,aspect Iatio.

k ll d
shadowed or 3 dimensional; appear like handwritten script or like Old English script; or are distoned to loo ta an
thin or wide and f at. (D)

1.3.3 41 User Select:ble Font Size (Tier 3
Design Details)

For word processing and grrphics applications, character size should be under the user's control
through selection of font sizes.COhihEhT: De iont sir.e selection would determine the character height ard width, spacing between characters,
and the row spacing. (D)

Distinguishability of Characters -(Tier 3 Desir'a Details)

For a given font, it should be possible to clearly distinguish between me following characters: X1.3.3 42

and K.T and Y,I and L,I and 1 O and Q, S and 5, and U and V.
COhBENT: (B)

1.3.3-43 Minhnal liyphenation (Tier 3 Design Details)

In display of textual material, words should be kept intact, with minimal breaking by hyphenation
COhSTENT: Text is mue readable if each word is entirely on one line, even if that makes the right margin morebetween lines.

ragged. (AI)

1.3.3-44 Printing Lengthy Text Displays (Tier 3
Design Details)

When a user must read lengthy textual mataial, that text should be provided in printed form rather
than requiring the user to read it on line.
COhD,iENT: De intent of this guideline is not to discourage the on line display of text when it is needed, but
rather to discourage on-line display when the text would be more usefulin pa;cr form. For instance,if IEl.P
displays consist merely of screen after screcri of text whl:h is not tailored to a usets cunent task, than that textThere are many good reasons for displaying lengthy textual
might be better displayed in a printed users' manual. i

material on line. Ilowever, reading lengthy text on an ejectroni display may be 2430 percent slower than readmg tfrom a printed copy.1.engthy text may te displayed for editing, malling, or search tasks. Or a lengthy text might be
upiated frequently, and so on line display would te the best way to ensure that all users are readtng the most recent
venion. (AI)
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INFOltMATION DISPLAY1.0
1.3 Displa) Ele:nents
1.3.4 Labels
1.3.4,1 General

1.3.4.1 1 Group Labels (Tier 1 Use)

Each individual data group, field, or message, should contain a distinct. unique, and descriptive
latxt.
COMhM: (A,C.DI)

Dispiny Title (Tier 1. Use)

Every display should legin with a title or header at the top. describing briefly the contents orpurpose of the display.There should be at least one blank line between the title and the bo y o t e
1.3.4.1 2 d fh

display.
C 0hth M : (A.C.DI)

1.3.4.13 Label Location
(Tier 2 . Consistency)

Label locations and fonnats should te consistent across and within displays. Data group labels
should be located adjacent to the data group or message they describe.COhthENT: Data group lat<ts should also preferably be above or to the leit of the data group or message t ey

h

descrite (A,C.DI)

1.3.4.14 Consistent Wording of Labels
(Tier 2 . Consistency)

Latels should be worded consistently, so that the same data item is given the same labelif it
d

appears in different displayed forms.COhihENT: Coraistent gramrnatical imnar for dtflerent latets should also be employed;i.e.. single wor s orh ld tot te used.
phrase.s for some labels and shon senterces for others, or verbs for some and nouns for odiers s ou
(E)

1.3.4.15 Meaningfulness (Tier 2 Meaningfulness)

Latels should be meaningful. Labels should be English words or should use the currently accepted
technical term.
COMhENT: (DE)

1.3.4.16 Wording of Labels (Tier 2 General)
Labels shou'd describe the data content of a data group accurately, using the fewest characters

possible.COhihENT: llowever,latets should corisist of the entire woni or sequerce of words, ratier ttum an abbreviation.
whenever space permits. (A.D) .

1.3 A.1 7 Label Emphasis (Tier 2 - General)
Labels should be highlighted or otherwise emphasized to differentiate them from other screen
stmetures and data in a unique and consistent rnanner.
COhihENT: 'Ihe technique used should te easily distingu!shed from that used to highlight or code emergency cr(A.C.DI)
critical messages. such as by holding, underlining and use of capitals.

1.3.4.1 8 Labeling User Options (Tier 2 General)

Data group labels should reflect the question or decision being posed to the user, when presenting
a list of user options.
CohihiDir: (C)

1.3.4.19 Proximity to Data Field (Tier 3
Design Details)

A label should te separated from its associated data field by atleast one standard character space,
but should be close enough to the data field to allow the user to associate it with the appropnate
data.
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COh04ENT: (DI)

1.3,4,1 10 Label Separation (Tier 3 . Design Details)
Labels should be separated from one another by at least two standard character spaces.
COhihE.h7: (D)

,

Label Contractions and Punctuation (Tier 3 . Design Details)
Labels should not include contractions, short forms or punctuation unless absolutely necessary for .1.3.4.1 11

meaning, to accommodate space limitations, or unless the label is an accepted standard.
COhiMENT: (D)

1.3.4.1 12 Frame Labels (Tier 3
Design Details)

Display frames labels should be an alphanumeric code or an abbreviation which is prominently
display:d and is shon enough (3 7 characters) or meaningful enough to be Icamec

and

remembered easily,
COhihENT: (A)

,

<

a.

'
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INFORMATION DISPLAY1.0 ;

Displa. F.lements it1.2
LabelsScaling, Graphs, Ilarcharts and illstograms1.3,

1.1.S.4

Normal Orientation for Labels (Tier 2 - General) i ;

The annotation of graphic displays. including labels for the axes of graphs should te displayed n1.3.4.21 <

u! i of

a norinal orientation for reading text. COMMENT: For example, users should be presented with horizontally displayed latels, even for the ver ca aa sii With a printed graph,it

a graph, A convenoonal test onentation of latels will p:rmit faster, more accurate rem ng.may be possible to tilt the page to read a disoriented label. With an elect. uni: display, a user usua y a
ll c ttnot tilt the

(E)
display screen but instead must tilt his/her head.

1.3.4.22 Axes Labels (Tier 2 . General)Charts and axes should be clearly labeled, with its description and measurement units if any.f f

COMhiEh7: 1 abels should be displayed in convennotal text onentauon on both the X. and Y asis or case o
.

readtng. ( A.E)

1.3,4.23 Labeling Curves (Tier 2 General)
When multiple curves are included in a single graph. cach curve should be identified directly by an
adjacent label, rather than by a separate legend.COhiMEh7; As an excepuon, where dtsplayed curves are too close for direct labeling, an acceptable altemauveh d identify their

might be to disunguish the various curves in some way perhaps by color otxiang of hne etx ng, ancodes in a septnue legend. Direct labehnt will permit users to assimilate informadon more rapi y t an isp
dl h d laying a

sepande legend. (A)

1.3.4.24 Graphical Objects (Tier 2 General)
The label for a specific graphical object (e.g., a data graph, a schematic or an icon) should be
placed in close proximity to the graphical object.COhiMEh7: When possible the label should be cri the component if h does not obscure the component. If! h

muldple component pans of the graphical object are close to the label, a line should point from the late to t elbl
associated part. The label locaticos for graphical objects should te consistent amoss all displays and the a e s,

should not overlap. (D)

1.3.4.25 Labeling Single Bars (Tier 2 - General)

Each bar on the display should have a unique identification label, COMMENT: '!he latel provides a posiuve identificanon of the parameter ca:h har reptsents. It would not be(B)
a:ceptable for an operator to have to r emorize the position of exh parameter on the display.

1.3.4.26 Labeling Paired Bars (Tier 2 General)
When bars are displayed in pairs, they should be labeled as a unit, with a legend or individual

distinguishing labels for each ,nr. COMMENT: Direct labehng of bars vill permit efficient information assimilation by a user. If the user has to(E)
refer to a separately displayed leFend,interpretatico of the chan will be slower ard mcre subject to ernr.
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1,0 INFORMATION DISPLAY
1.3 Display Elements
1.3.4 Labels
1.3.4.3 Windows

1.3.4.3 1 Window Identification (Tier 1
Use)

Windows should be identified by a label consistently located at the top of the window's border.
COMhEh7: (A)

1.3.4.3 2 Multiple Window Identification (Tier 2 . General)
Where several windows can be displayed at one time, active windows should be indicated by
labeling or other means.
CohnEST- (A)

1.3.4.33 Scrollable Windows (Tier 3
Design Details)

Labels should remain on the screen while the data scrolls undemeath diem.
COMhENT: (A)

.

1

L

|
L
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INroltMATION DISPLAY1.0
1.3 Display Elements
1.3.4 Labels
1.3.4.4 Display Control

1.3.4.4 1 Display identification (Tier 1 Use)

When a user can select / manipulate data displays, each display should have an identifying latel and
other identifying infomiation to support display control and data access.COhihiENT: There strauld te an identifying label in any septely seleeted 'windov that might be overla

id on

i nt means for

another display. An identifying label will help users remember differrat displays and provide a conven erequesung them. Even in systems where users exercise httle initiative in data selection. where dupbys are arge
l ly

d displayed

configured in advance by designers, some Lind of display idenufication will help taers underuan the
(A.E)

consequences of sequen:e control a uons.

1.3.4.4 2 Consistent Label Location
(Tier 2 Consistency)

Identifying labels should be located in a prominent and consistent location.op left corner of the display might te used for this purpose.(A.E)

COhihiEhi: As an example, t it

1.3.4.4 3 Paging vs. Scrolling Labels (Tier 2 . Consistency)

Paging vs. scrolling labels should be consistently distinct and unambiguous.COMhtEh7: For example, U" may be used to scroll up a line within a frame and PREV 10US to go to a prece ng
&

page. (A)

1.3.4.4 4 Labeling Paging Displays (Tier 2 - Task Compatibility)
Labeling used for display paging should be referred to in functional terms

d

(A)
COhihiEh7: For example. FORWARD and BACK. or NEXT and PREVIOUS.

1.3.4.45 Labeling Display Freeze (Tier 2 General)

When a display has been frozen, that display should be annotated with some appropriate label to
remind users of its frozen Status.
COhihiEST- (E)

1.3.4,4 6 Labeling Display Suppression (Tier 2 General)

When data have been suppressed from a display, the display should be annotated with some
appropriate label to remind users that data have been suppressed.
COhthfENT: (E)

(Tier 3 Design Details)
1.3.4.4 7 Labeling Panning Functions names for display faming functions should
When a panning orientation is maintained consistently,d not to movement of the displayed data.

refer to movement of the display frame (or window) anCOMhiEh7: For example, the command 'Up 10* should mean that De dispiny trame will move up ten lines withf t ent data will
the effect that ten hnes of previous data Sill appear at the top of the display, and ten tires o su sequ
disappear at the bonom. (E)

1.3.4.48 Labeling Scrolling Functions (Tier 3
Design Details)

When a scrolling orientation is maintained consistently, names for display framing functionsshould refer to movement of the data being displayed, and not to movement of the display frame or
COhihtEb7: For example, tre commar.d 'Up 10* should mean that displayed data sill move up ten lines behmdwindow.

ill disappear frt,m the top of
the (con:eptually fixed) display frame, with the eHect that ten lines os previous data w(E)
the display, and ten lines of subsequent data will appear at the bonom.
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INFORMATION DISPLAY1.0
1.3 Display Elements
1.3.4 Labels
1.3,4.5 Functions Keys

1.3.4.51 Distinctive Labels (Tier 2
Meaningfulness)

Function keys should be distinctively and informatively labeled to designate the function it
performs.
COMMFNT: (AI)

1
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INFORMATION DISPLAY1.0
1.3 Disp.ny Elements

Pictures, Drawings, Maps, and Situation DisplaysLabels1.3.4
1.3.4.6

(Tier 2 Consistency)
Consistent Positioning of Labels h

Labels on a map should be positioned consistently in relatinn to the displayed features t ey1.3.4.6 1
h ntsponding

COMMENT: For cumple,equignent names miF t always le placed immediately above t e codesignate. h d d It may not alm 1 ys pro 'e

syrntels showing their locations. As a prrtical matter, map displays can get very crow e . feasible to maintain a consistent placement for labels, with the result that designers wil e tem ep features. and vice versa. Locating andlt p d to putlabels

wherever they will fit. In such a crowded display, labels may obscure madl ly adjacent to the teF rtning of label.i

reading labels will te slowed. parti:ularly when map feamres are displaye c oseUnder these circumstances, some other appoa:h to map labeling should te considered to avo
id crowding. (A.E)

(Tier 2 Memory Lead)
1.3.4.6 2 Symbol Labeling
A legend derming symbols should be displayed or availa'ule *t user option.
COMMEh7: (A)

_

M

$
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INFORMATION DISPLAY1.0
1.3 Display Elements
1.3.4 Labels
1.3.4.7 Menus

1.3.4.71 Title (Tier 2 General)
An explanatory title for each menu 5 ' auld tv: provided.
COhihiENT: (A)

1.3.4.72 Sub. Group Labels (Tier 2 General)
Where menu options are grouped in logical subunits, each Frotip should be provided a descriptive
label that is distinctive in format from the option labels themsenes.

Moreover, careful use of group labels may serve to reduce the number of words needed for individual opdon labels.Although this practice might somedmes seem to waste display space,it helps provide user guidance.COhiMEN'T:

( A.E)

o

e
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INFORMA' ON DISPLAY1.0
1.3 Display Elements
1.3.4 Labels
1.3.4.8 l'ie Charts

f

riser 3 Design Details) |1.3.4.81 Labeling Pie Charts
Pie chart segments should be labeled directly rather than by a separate legend.!

(E)
COMhENT: The label should te in a ronnal orientation for reading text.

1.3.4.8 2 Numeric Labels (Tier 3
Design Details)

Numbers should be added to pie chart segment labels to indicate the percentage and/or absolute
values represented in the display index.
COMhENT: (E)

1.3.4.8 3 Segment Labeling (Tier 3
Design Details)

If a segment is too small to contain the label, the label should be placed outside the segment with a
line from it to the segment.
COMhENT: (A.E)
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INFORMATION DISPLAY1.0
1.3 Display Elements
1.3.4 Labels
1.3.4.9 Tables

1.3.4.91 Row and Column Labels (Tier 1
Use)

Each row and column should be uniquely and informatively labeled and should be visually distinct
from data entries.
COhihST: (A.DI)

1.3.4.92 Individual Field Labels (Tier ; e General)
Each individual field should be labeled. The user thould not have to rely on contextual clues alone
to identify a field.
COhihtENT: (A)

1.3.4.93 Labeling Units of Measurement (Tier 2
General)

labels should include the unit of measure for the data described. Labeling unit of measurement
should be part of column labels, or placed after the first low or column data entry.
COhihiENT: (A.C.DE)

1.3.4.94 Proximity to Rows (Tier 2 General)
Labels should be centered and in close proximity to rows in a numerical data matrix.
COhth s 7: (D)

1.3.4.95 Justification (Tier 2 General)
Labels should be lef t justified in a tabular anay with numerous subheadings or subiabels.
COMhtENT: (E)

Scrollable Table Labeling (Tier 2 General)
1.3.4.96
Labels should not scroll off the visible portion of the display.

-

COh1 MENT: (A)

1.3.4.9 7 Multipage Table Labeling (Tier 3 . Design Details)
Where more data fields exist than can be displayed on a single display page, row and column labels
should remain along the top (or bottom) and left (or right) edges of the display.
COMhtEh7: (A.E)

|
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INFORMATION DISPLAY1.0
1.3 Display Elements
1.3.4 Labais
1.3.4.10 Data Fields

1.3.4.10 1
Consistent Formatting (Tier 2 - Consistency)

(A)

Label formats shWd be consistent.COhBENT: For exnple, by spacial relation to associated data ield. color, fonts. size, and location.
f

*

Data Field Definition (Tier 2
General)

1.3.4.10 2
Data fields should be defined by a label and character entry space.
COhBES7: (D)

(Tier 2 - General)
The units of measurement for displayed data should be included either in the label or as part of each

Labeling Units of Measurement1.3.4.10 3

data iten
COhBEST: (A.E)

1.3.4.10 4 Location of Group Labels (Tier 2 - General)
A field grcup heading should be centered above the labris to which it applies. It should be

a

completely spelled out and related to the labels.
COhBEhT: %

1.3.4.10 5 Flein Labels in Uppercase (Tier 2
General)

Data field labels should sppear in upper case only, while entered text may appear in both upper and
lower case.
COhBEST: (A)

and Label (Tier 3 Design
1.3.4.10-6 Separation of Character Entrl e.

The label and the character entry area should be separated by atleast one character space At leastDetails) da
two character spaces should be maintained horizontally between a character entry area an

-

succeedinglabel on the same row.
COhnENT: (B.D)

1.3.4.10 7 Data Field Separation (Tier 3 - Design Details)
At least Sve spaxs should appear between the longest data Seld in one column and : te rightmost
labelin an adjacent column.COhBENT: ' Die design goalis visual separanon of colurans of fields. Note that these separation guidelines areDArc,,:

rninimurns. If wider sp:.:tng is feasible, utilize it. For cumple, WARNING: . .
T&E: (B)s. STATUS: _

Q _

(Tier 3 Design Details)
_

1.3.4.10 8 Separation of Columns
Where space constraints exist, verticallines may be substituted for spaces for separation of
columns of fields.
COhBEhT: (B)

1.3.4.10 9 Justification of Data Field Labels (Tier 3 - Design Details)
1.abels should be leftjustined and end with a colon.
CohBEN7: (B.D)

1.3.4.10 10 Justification: Equal Label Lengtt (Tier 3 - Design Details)
When label sizes are relatively equal, both labels and data fields should be left justified. One spa :e
should be left between the longest label and the hta Seld column.
COh0 DENT: (B)
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1.3,4.10 11 Justification: Unequal Label Length (Tier 3
Design Details)

When label sizes vary greatly, labels should be right justified and the data fields should be left-d h d t field.
justified. One space should be left between cach label an t e a aFEED FLOW. In rnostCOMMENT: For etenple,

STEAM OENERATOR PRESSURE:
inttances, however,left-junificadon of capdons and right justifimion of dua fields will usually yield a more
balanced dtsplay. (B)

(Tier 3 - Design Details)
1.3.4.1012 Section lleadings and Label Irdew tion
When section headings are located on the line above MM screen fields, the labels should be
indented a minimum of five spaces from the start of the headmg.COhSEN7: Scanning aninquiry screen will be aided iflogical groupings of fields are identified by headings. Thisd e level

pemits scanning of headings until the correct one is located. at whleh point the visual search steps own onid il scannedheadings.For
to the items within the grouping itself. The above guideline is intended to prov e eas yPRESS:

LEVEL:
SECONDARY CONTAINhENTexample.

fB) (Tier 3 - Design
Section IIcading Proximity to Subordinate Labels

1.3.< .10 13

When section neadings are placed adjacent to the rehted fields, they should be located to the left ofDetails)
hl t

the topmost row of related fields. The column oflabels should be separated from t e onges
heading by a mtmmum of three blank spaces.
COMhENT: (B)

(Tier 3 - Design Details)
1.3.4.10 14 Multiple Fields Without Group Ileadings
For multiple-occunence fields without group headings, at least three spaces should exist between
the columns of fields.
COMhENT: (B)

1.3.4.10 15 Multiple Fields With Group Headings (Tier 3 - Design Details)
For muluple-occurrence fields with group headings, at least three spaces should appear between
columns of related fields and at least five spaces should appear between groupings.
COMMENT: (B)

-
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INFORMATION DISPLAY1.0
1.3 Display Elements
1.3.4 Labels .,

1:"' DT U
1.3.4.11 -C = .'e

(Tier 3 - Design Details)
Label Punctuation as Entry Cue b

The label for each entry field should end with a special symbol, si nifying that an entry may e1.3.4.11 1 F

d for any

COMhENT: Asymbol should be reserved exclusively for prompdng user entries, or at least rarrly usemade.

other purpose. (E)
(Tier 3 - Design Details)

Data Format Cueing in Labels
Fielu . cels should include additional cucing of data format when that seems helpful.1.? ' 71 2

COMhENT: For example. DATE (hiht/DDAT):
_,./_ ._/_ _ . (E)

1.3.4.11-3
Protected Labels (Tier 3 - Design Details)

Field labels should be protected from keyed entry by making the cursor skip over them
automatically when a user is spacing or tabbing. COMMENT: When a user must change a displayed form, including changes to field labels, then that user must

be

able to override label prntecdon. (E)

1

.
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1.0 JNFORMATION DISPLAY
1.3 1)isplay Elements
1.3.e Icons

1.3.51 Appropriate Use of Icons (Tier 1 Use)-

The primary use of icons in graphic displays should be to represent concrete objects or actions.COMhEh7: Icons may be used to graphically represent operations, processes and data structures, and may be used

f ctions,
as means of exercising control (e.g., by selecung an icon and commandmg operations) over system un
components, and data structures. (A.D)

1.3.5 2 Cross mode Standardization (Tier 2 - Consistency)
Icons should be co7 stent and predictable acroas operating modes and across applications.
COhBENT: (A)

1.3.5 3 Icon Control (Tier 2 - Flexibility of Use)
The user should be able to initiate the process related to a selected icon in numerous ways.
COhBENT: For example, the user might open a fDe by selecting a file icon and entering a command, entering a
keystroke command, choosing a menu item, or moving the file icon to an icon that represented the action, to open.
(D)

1.3.5-4 Iconic Representation (Tier 2 General)
Icons should be graphically designed to looklike the objects, processes or operations they

represent by use of literal, functional, or operational representauons.CChBENT: Some pictorial symbols have conventional meanings within a usu . apulation, which must beLiteral a figure of a
followed to ensure their correct interpretation. Examples of representations:

Functional, a figure of a file cabinet Operational, a hand on a switch, (A,C,E)
thermometer

L3.5 5 Distinguishability (Tier 2 - General)
Each icon should represent a single object or action, and should be easily disenminable from all
other icons and all display structures in use on the same display as that icon.COhEEh7: The distinguishing feature between icons should be the extemal geometric configuration of the icon.
(D)

1.3.5-6 Simple Design (Tier 2 - General)

Icons should be simple closed figures when possible.COhBENT: When icons are too visually complex, they are not quickly recogmzed. This climinates the pnmary
advantage of using icons- quick recognition. Simple, closed Sgures are prtcessed more efficiently than are open
figures. (D)

1.3.5 7 Icon Size (Tier 2 General)
The size of the icon should be large enough for the user to perceive the representation and
disenminate it from othericons.
COhmErm (D)

1.3.5-8 Nonpictographic Icons (Tier 2 - General)
When pictographic icons are not possible , nonpictographic icons should be used so that
functionally similar objects or accons are represented by perceptually sunilar icons.COhBENT: Pictographic icons may not be possible when the object does not have a pictographic equivalent.
(D)

1.3.59 Selecting Icons (Tier 2 - General)
An icon that the user has selected should be highlighted.
COhSENT: (D)

(Tier 2 - General)1.3.510 Labels for Control Option Icons
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if icons are us-J to represent control actions in n,enus, a label should be associated with each con.
COhSES7: (A.E)

1.3.5 11 Moving Icons (Tier 3 Design Details)
Users should be able to move to and select icons, as well as move a selected icon, by use of any
available cursor control device, including X.Y controllers and aricw keys.
COhBEb7: (D)

1.3.512 Origination Point (Tier 3 Design Details)

Icons that are being moved should indicate where the icon originally was.COhihEST: For example, the solid line icon udght remain at the originallocation while an outline of the icon
(D)f ollowed under the cursor until the icon was no longer selected.

1.3.5 13 Labeling Icons (Tier 3 Design Detallt)
To the greatest extent possible, icons should be accompanied by a textlabel, especially when the~

*

icons do not closely resemble the symbolized object or action.
COhthENT: To the extent that it does not cluuer or cause distonian of the icon, the label should be incorporated
into the icon itself, When icons are designed such (nat the label ls inside of the icon, the number of perceptual(D)
objects is reduced, resulting in enhanced processinL of the label and the icon.

1.3.5-14 Screen Arrangement (Tier 3 - Design Details)
Under default conditions, icons should be grouped spatially together on the display. The user
should be able to change the spatiallocation of an icon.
COhmENT: (D)

1.3.5 15 Glossary (Tier 3 - Design Details)
The user should have access to a glossary that contains a list of the standard icons and their
associated objects or actions through the on-line Fielp system.
CONSENT: (D)

:
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INFORMATION DISPLAY1.0
1. Coding
1.4.1 General

(Tier 1 - Use)Coding by liighlighting Critical Data
Distinctive highhphting should be used to call a user's attention to changes in the state of the1.4.11 i

system, and to indicate irnportant, hazardous, or critical information which requires user act on.
.

bl

COhofENT: For example, such items might include recendy cinnged data, or discrepant data exceedmg accepta eing to

lumts, or data f ailing to meet some other defined criteria. "Highbght' is used here in its geteral sense, meanh i ghtening or

emphasse or make prominent, and is not resui:ted to any particular method of display cahng suc as nHighbghting is most effective when used spanngly, adding emphasis to a display widch isFor some purposes, position coding (i.e.,
inverse video.

relanvely uniform in appearance except for just a few highbghted items. displaying unpattant items consisten0y in a particular locadon) might be a sufficient means of highlighting, asd tillbe needed to highbght

when an error message appears in a space otherwise left blanL But anuhary co es may s
'(A,C.E)

important items, even if they are positioned consisten0y.

1.4.12 Coding by Data Category (Tier 1 - Use)
Display coding should be provided in applications whre a user must distinguish rapidly among
different categories of displayed data. COMMENT: Particularly when those data are distributed in an inegular way on the display.

(A.E)

1.4.1 3 Consistent Coding Across Displays
(Tier 2 - Consistency)

Consistent meanings should be assigned to symbols and other codes, from one display to another.
COMMENT: When calms is not consistent, the user's task of display intnpretanon may be made more difficuh
than if no auxiliary coding were used at all. (A.E)

1.4.1-4 Meaningful Codes (Tier 2 - Meaningfulness)

Meaningful or familiar codes should be used, rather than arbitrary codes. COMMENT: For example, a three-letter mnemonic code (RHR = Residual Heat Removal) is easier to rememberRemoval), although an
than a three-digit numeric code or a two chaneter arbitrary code (ND = ResidualHeat

(C.E)
arbitrary code may eventually become famthat through frequenti .te.

1.4.1-5 Familiar Coding Conventions (Tier 2 - Meaningfulness)
Codes for display (and entry) should conform with accepted abbreviations and general user-

(A.E)
COMMEb7: For example, use M for * male *, F for * female *, rather than arbitrary digits 1 and 2.expectauons.

1.4.16 Warning Coding (Tier 2 General)/
Conditions requiring special attention should be coded distinctively. COMMENT: For example, messages might be marked with a blinking symbol and accompanied by an auditary4

signal. (E)

1.4.1-7 Coding and Legibility (Tier 2 - General)
Coding should neither reduce legibility nor increase transmission time.
COMMENT: (C)

1.4.18 Dermition of Display Codes (Tier 3 - Design Details)
When codes are assigned special meaning in a display, a definition should be provided at the

bottom of the display that replicates the code being defmed. COMMENT: For a color code, each definition should be displayed in its appropriate color (e.g., Red = Open,Giren
= Close). (D.E)
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INFORMATION DISPLAY1.0
1.4 Coding
1.4.2 Text Coding
1.4.2.1 Abbreviations and Acronyms

1.4.2.11 Minimal Use of Abbreviation (Tier 1 - Use)
Complete words should be displayed in preference to abbreviations.COMhENT: Abbreviations may be displayed if they are significantly shoner, save needed space,and will be
understood by the prospective users. (AI)

1.4.2.12 Use of Random Characters (Tier 1
Use)

When grouping alphabetic characters, acronyms or abbreviations should be used in preference to
randomly selected characters that have little relevance to the system.
COhBENT: (A)

1.4.2.13 When to Abbreviate (Tier 1
Use)

Abbreviations and acronyms should be used only if a display does not have sufficient space for theh f ll dr
unabbreviated word or if the abbreviation or acronym is more frequently used than t e u wor o
phrase.
COhBENT: (D)

1.4.2.1 -4
Common Abbreviations (Tier 2 - Meaningfulness)

When abbreviations are used, those abbreviations should be commonly recognized, and
abbreviated words should not produce uncommon or ambiguous abbreviations.COhSENT: For example. CST Pressure low would be acceptable, but Condensate Storage Tank Prssr Lw isd h en for
unacceptable. The point here is that when abbreviation is necemry due to space constraints, the wor s c os
abbreviation should be those that are commonly known in their abbreviated form, and/or those words whose
abbreviations can be unambiguously interpreted. (E)

1.4.2.1 5 Distinctive Abbreviations (Tier 2
General)

Abbreviations should be distinctive so that abbreviations for different words are distinguishable.
COhSENT: (A.CI) _

1.4.2.1-6 Dictionary of Abbreviations (Tier 2 General)

If abbreviations are used, a dictionary of abbreviations should be available for on-line user'

reference.
CONSENT: ( A.C.D.E)

1.4.2.1 -7
Minimal Punctuation of Abbreviations (Tier 3 - Design Details)

Punctuation of abbmviations and acronyms should be minimized. Punctuation should be retained when needed for
COhBENT: For example. SPDS is Ireferred over S.P.D.S. (AE)
clarity. e.g., 4.in, front dimension" rather than *4 in front dimension"*

Abbreviations Should be Understandable and Shorter than the Original
-1.4.2.1-8
Word (Tier 3 - Design Details)
Abbreviations and acronyms should be used only if significantly shorter than the complete word,
saves needed space, and can be understood by the user populanon.
COh&ENT: (D)

1.4.2.19 Simple Abbreviation Rule (Tier 3 - Design Details)
When defining abbreviations, sone simple rule should be used and users should be able to

understand that rule. COMMENT: Abbreviation t y truncation is the best method, except when word endings convey imponantd If an
information. When a truncation rule is used, abbreviaticas are easy to derive and easy for a user to deco e.ii
abbreviation deviates from the consistent rule, it r.uy be helpful to givt it some special mark whenever t s
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displayed (E)-
(Tier 3 - Design Details)-

1.4.2.110 Abbreviations Defined in TextWhen words in text displays are abbreviated, each abbreviation should be defined in parentheses
d ber

fouowing its first appearance. COMMENT: This practice will help only those users who read displayed text from front to back an rememi s of a multipage text display,

what they have read. For forFetful users, and for users who sample later sect onabbreviations may still seem undefined. For such users,it might be helpful to have an on ne
li dictionary of

abbreviations for convenient reference. (E)

,
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INFORMATION DISPLAY1.0
1.4 Coding
1.4.2 Text Coding
1.4.2.2 Alphanumerics

1.4.2.2 1 Alphanumeric Coding (Tier 1. Use) h

Alphanumeric characters for auxiliary coding should be used in display applications suc as
graphics where the basic data presentation is not already alphanumenc.COhSENT: Alphanumers codes that are visually distinct for visual displays,and phonetically distin:t or au

f ditory

(A.E)
displays (or in any application where displayed codes must be spoken) should be used.

(Tier 2 - Consistency)
Consistent Case in Alphabetic Coding

For alphabetic codes. all letters should be consistently displayed either in upper case or in lower1.4.2.2 2
l i

COhihENT: For data display, upper case labels may be somewhat more legible. For data entry. computer og ccase.
b such

should not disunguish between upper and lower case codes.because users find it hard to remem er any
disunction. ( A.D.E)

Meaningful Alphanumeric Codes
(Tier 2 - Meaningfulness)

Whenever possible, a meamngful alphanumeric code should be used in preference to a1.4.2.23
(D)

COhihiENT: For exampic, an acronym should be used instead of an arbitrary set ofletters and numbers.nonmeaningful code.

1.4.2.2-4 Short Codes (Tier 2
Memory Load)

When arbitrary codes must be remembered by the user, characters should be grouped in blocks ofi haracter
three to five characters, separated by a minimum of one blank space or other separat ng c
such as a hyphen or slash. When a code is
COhihENT: Arbitrary codes are alphanumeric characters without natural organnation.(A.D.E)
meaningful, such as a mnemonic abbreviation or a word, it can be longer.

1.4.2.25 Avoid O and I (Tier 2
General)

The use of the letters O and I in an alphanumeric code should be avoided; they are easily confused
with the numbers 0 (zero) and 1 (one), respectively.
COhBENT: (D)

1.4.2.26 Combining Letters and Numbers (Tier 2 - General)
When codes combine both letters and numbers, letters should be grouped together and numbers
grouped together rather than interspersing letters with numbers.will be read and itmembered somewhat more
COhihENT: For example, leuer lener number ('HWS*),

'

leaer number lener (*H5W*). (A.DE)accurately than

1.4.2.2-7 No Punctuation (Tier 2 - General)
Alphanumeric codes should have no punctuation except for codes which may be confused with
words.
COMhENT: (D)

|
|
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INFORMATION DISPLAY-1.0
1.4 Coding
1.4.2 Text Coding
1.4.2.3 Font

(Tier 1 - Use)1.4.2.3 1 Highlighting With Font Sty?e
Highlighting of characters within a text file or a table may be accomplished by use of a different
style of font or the use of alarger size of font.COMAENT: Plain text should not be used as a highlighting method.(D)

(Tier 2 General)
Style Before Size When Highlighting

The use of a different font style should be preferred over the use of a different size for highlighting1.4.2.3-2

information.
COMhENT: (D) (Tier 3 - Design ~

Highlighted Font Should Not Obscure Other Font1.4.2.3 3

The use of a different style or size of font should not obscure any nonhighlighted characters.Details)

COMhEh7: (D)

-
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INFORMATION DISPLAY1.0
1.. Coding
1.4.2 Text Coding

Enh.ancement/ Highlighting1.4.2.4

1.4.2.4 1 Highlighting Text (Tier 1 - Use)

When a critical passage merits emphasis to set it apart from other text, that passage should behighlighted by bolding / brightening or color coding or by some auxiliary annotation, rather than yb

i

COhihENT: A singh word might be capiahzed for emphasis,but capitalmng an extended passage will reduce tscapitalization.

readability. (E)

(Tier 1 Use)
Easily Recognizable Highlighting

Highlighting should te easily recognizable and be used to attract the user's attention to active1.4.2.4 2

fields, special conditions, or as a means to provide feedback.
COhihEST: (A)

1.4.2.4 3 Minimal Highlighting (Tier 2 - General)

Highlighting of infomution should be mininuzedA good rule of thumb for displays of nominal conditions is to limit the maximum amount ofi the

highlighting to 10% of the display information. If highlighting is to be used to attract the user's attent on,hi hlighting technique should be distinctive. If a large ponion of a display is highlighted.the highlig t ng w
COMhEhT:

hi ill no

F

longer be distinctive. (D)

1.4.2.4-4 Consistency (Tier 2 - General)
A particular highlighting method for related functions should be used consistently.
COMhEhT: (D)

1.4.2.4 5 Removing Highlighting (Tier 2 - General)
If highlighting is used to emphasize important display items, such highlighting should be removed
when it no longer has meaning.COhBEhT: If highlighting identifies an error, that highlighting should be removed when the enor is corrected
(A.E)

Readability of Displayed Information (Tier 3 - Design Details)
Highlighting should not interfere with the readability of displayed information.1.4.2.46

COhBENT: (A)

1.4.2.4-7 Highlighting Printed Output (Tier 3 - Design Details)
A highlighting technique similar to that used on the VDT should be provided for prinu:d output.
COMhENT: (A)
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INFORMATION DISPLAY1.0
1.4 Coding
1.4.2 Text Coding
1.4.2.5 Underlining

(Tier 1 -
Underlining to Indicate Unusual Values, Errors, Changes

1.4.2.5 1

Underlining may be used to indicate unusual values, erre rs in entry, and data changes.Use)

COMMENT: (A C) (Tier 1 -
Underlining Should Not Impact Perception of the Display

1.4.2.5 2

Underlining should not be used when it has an impact on the perception of the display.Use) (D)
COMMEb7: For cumple, there should be space between the channer and the underline matt,

1.4.2.5 3 Underlin;ng for Emphasis (Tier 2 - General) d h
When a line is added simply to mark or emphasize a dispityed itent it should be placed un er t e

(E)
COMMENT: Underlining probably detracts aom legibility less than would *overlining".designated item.

_
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INFORMATION DISPLAY1.0
1.4 Coding
1.4.3 Other Coding
1.4.3.1 Auditory

1.4.3.1 1
Use of Auditory Coding (Tier 1 - Use)

Auditory displays should be used as a means of supplementing visual display, or as an altemative
means of data output in applications where visual displays are not feasible.Au& tory signals nay provide feedback for control actuation. da'.a entry, or compleuon of timingi vtsual

cycks and sequences. For example au6 tory signals may be helpful in alerung users to critical changes n aCOMhENT:
Au& tory & splay may

display. Avitoy output might be used to pernut telephone access to coniputer. stored data.As compared with visual
be impra:6 cal in situations where high ambient noise prevents a: curate bstening.
d2 splays, an auitory 6 splay offers a potential advantage in auraenng a user's anention; a user does not have tob f
"hsten at" an au& tory display in order to hear it. On the other hand, auitory drplays suffer from a num er oi Auditory

comparauve disadvantages. Audnory displays generally do not offer as great arange of codtng opt ons.
displays do not p:rmit easy scanning to discern entical data items, or items that may have been missed at firstlisterung. For human hsteners with normal vision, auditory displays do not provide a natural representation of
spanal relations. (A.E)

(Tier 1 - Use)A) Immediate action is required on the part of the listeners.1.4.3.12 Tonal Signals

A tonal signal should be used when:B) a specific point in time is to be indicated, C) a spoken message would be inappropriate. D) the
intended listeners are familiar with the tonal signalimplication or code.A tonal signal is preferred over a spoken message when: A) the spoken message would compromiseC) speech channels
COhthENT:

the secunty of a situauon. B) noise con & dons are unfavorable for receiving spoken messages.are overloaded. D) a sp) ken message could annoy hsteners for whom it is not intended or when the spoken message
(B)

could mast other messages. E) it is desired to use the simplest audio signal.

1.4.3.1-3 Necessary Information (Tier 2 - Task Compatibility)
Audio signals should provide only that information which is necessary for the user.
COMhENT: (B)

1.4.3.1-4 Distinctive Auditory Coding (Tier 2 - General)
For auditory displays, distinctive sounds should be used to code items requiring special user

COhihENT: For example. a variety of signals may be avadable, including i
u. bells, chimes, buners, and tonesattention.

(E)
of different frequency. Tones may be presented in sequence to enlarge the sigm. repertoire.

1.4.3.15 Redundancy with Visual Warnings (Tier 2 - General)
Auditory alerts, as well as caution and waming sounds, should be redundat with visual warmngs
presented by pictures, messages, and blink coding.
COMhEST: (D)

1.4.3.1-6 Non-duplication of Auditory Signals (Tier 2 - General)
, Once a panicular auditory signal code is established for a given opemting situation, the same signal

should not be designated for some other display.
'

COMhENT: (B)

1.4.3.1-7 Association with Certain Activities (Tier 2 - General)
If a signal type is commonly associated with a certam type of activity,it should not be used for
other purposes when the situation is such that the more common convention is in use.
COMhEST: (B)

(Tier 2 - General)
1.4.3.1 -8 Signal Compatible with Environment
ne intensity, dumtion, and source location of the signal should be compatible with the acoustical

!
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environment of the intended receiver as well as with the requirements of other personne n t e

,

signal area.
COhBEhi: (A.B)

1.4.3.1 9 Intensity (Tier 2 General)
Audio signals should not starde listeners, add to overall noise levels or interfere with local speech

-no more

COhBENT: Most auditory signals are too loud and too long, here are three imponant consequences:i the presence of aactivity.

than one warning can be heard at any one time communications are often blocked out n(B)
continuous signal -when manual ovenide is available, operators often disable warning signals.

1.4.3.1 10 Intensity (Tier 2 - General)
The intensity of audio signals should be at least 60 dB above the absolute threshold.
COhBENT: (B)

Intermittent Signals- (Tier 2 - General)
Signals should be intermittentin nature to allow the user sufficient time to respond.1.4.3.1 11

COhBENT: (A)

1.4.3.1 12 Two-stage Signals (Tier 2 General)

When complex information is to be presented, two-stage signals should be used.COhBENT: nese stages consist of: .an anention-demanding signal to attract anention and identify a generali
category of informatior. a designation signal to foDow the anention-demandtng signal and designate the prec se

(B)information within the general class indicated above.

1.4.3.1-13 Listening to More than One Channel (Tier 2 '- General)
If a person is to listen concurrently to two or more channels, the frequency of the channels should
be different.
COhBENT: (B)

1.4.3.1-14 Turning Off Non critical Auditory Signals (Tier 2 - General)
Noncritical auditory signals should be capable of being turned off at the discretion of the uset. A
simple, consistent means of acknowledgtng and turning off waming signals should be provided.
CONBENT: (A.D)

1.4.3.1 15 Computer-Generated Speech Output (Tier 2 - General)
II computer generated speech output is used for auditory display, a special alerting signal should .
distinguish them from routine voice messages.
COhBENT: (A)

1.4.3.1 16 Total Number of Signals (Tier 3 - Design Details)
The number of signals to be identified should not exceed four.
COhBEh7: (A)

1.4.3.1-17 Indicating Who is to Respond (Tier 3 - Design Details)
When the signal must indicate which operator (of a group of operators) is to respond, a simple
repetition code should be used
COhBEhT: (B)

1.4.3.1-18 Voice Output (Tier 3 - Design Details)
For auditorj displays with voice output. different voices should be used to distinguish different
categories of data.
COhBENT: (A)

1.4.3.1-19 Frequency of Auditory Signals (Tier 3 - Design Details)
The frequency of an audio signal should be within the range of 200 to 5000 Hz, and preferably

.
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between 500 and 3000 Hz. COMMENT: The si nalinquency of auditory displays should be compatible with the midrange o t eends of the sensitivity .

responw curve for both pitch and loudness,i.e., avoid the use of signals at the extreme
F

'(B)
curves. where response reliability is more easily masked.

Detecting Small- Changes in Intensity (Tier 3+ Design Details)
'-

f 1000-

When small changes in signal intensity must be detected, the signal frequency should be rom1.4.3.1 20

to 4000 Hz.
COMMENT: (B)

(Tier 3 '- Design Details)
1.4.3.1 21. Signal Travel Over 1000 ftWhen an audio signal must travel over 1000 ft.,its frequency should be less than 1000 Hz.:
COMMENT: (B).

(Tier 3 Design Details) '

Signal Bending Around- Obstacles or pass throug'n partitions, its frequency -:1.4.3.1 22 b l
When an audio signal must bend around major o stac es
should be le;s than 500 Hz. '

(U):

Noise Environment Difficult 'to Penetrate - (Tier 3 - Design Details)L
COMMENT:

i'i l
When the noise environment is unknown or suspected of being difficult to penetrate, aud o s gna s1.4.3.1 23 d/ b mbh:ed

should have a shifting frequency that passes through the entire noise spectrum an or e co
with a visual signal.
COMMEbTT: (B)-

(Tier 3 Design
Maintaining' Security with Auditory Signaling

1.4.3.1 24 d

If a signal must occur in an area in which only cenaln personnel should be 1rivy to its purpose anDetails) - i bl mong

others are not to be unduly annoyed, a simple bell tone should be used that as recogn za e a.

ambient speech sounds without being loud
COMMENT: -(B)

,
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1.0 INFORMATION DISPLAY
1.4 Coding
1.4.3 Other Coding
1.4.3.2 Brightness

1.4.3.21 Limited Use of Brightness Coding (Tier 1 - Use)
Coding by differences in brightness should be used for hpplications that only require
discrimination between two categories of displayed items.
COhBENT: Brightness should be treated as a two. valued code, bright and dim. For example, a data form might

(E)
display dim labels and bright data items, in order to facilitate data scanning.

1.4.3.22 Brightness Inversion (Tier 1 - Use)

Brightness inversion should be used for highlighting criticalitems that require user attention whenbrightness inversion is available (reverse video), where dark characters on a bright background can
be changed under computer control to t.right on dark,or vice versa.
COhBD7: Brightness inversion is obviously limited to use as a two valued code, i.e., a displayed item is eitherd

shown with standard or invened brightness. If brighmess inversion is used for alening purposes, as recommende(E)
hen:,it should be reserved consistently for tharpurpose, and not be used for general highlighting.

1.4.3.2 3 Brightness Intensity Coding (Tier 1 Use)

Brightness intensity coding may be used to differentiate between adjacent items of information or
to code two to three state conditions (ON STANDBY-OFF, or RUN STOP),
COhBOT: Brightness coding should have ordy one meaning (e.g., ON-OFF or FAST SLOW,or STANDBYi
RUN, but not all three). (A)

1.4.3.2-4 Distinguishing Data Entries (Tier 1 - Use)
Brightness and boldness coding should be used to distinguish data entries in data forms from other
display structures,
COhBENT: (D)

1.4.3.25 Highlighting in a List (Tier 2 - Feedback)
In a list, the option (s) selected by the user should be highlighted.
COhBDT: (B)

1.4.3.2-6 Primary Information (Tier 2 - General)
High brightness levels should be used to signify information of primary importance, and lower
levels should be used to signify information of secondary interest.
COhBENT: (B)

1.4.3.2-7 Absolute intensity coding (Tier 2 - General)
The number ofintensity levels should be limited to 2 or 3 when absolute recognition is required.
COhBENT: None of the intensities used must be less than 20 edhn2, Levels approximating 33 percent and 100
percent of the display luminance should be used with displays having a maximum luminance between 60 and 100
cd/m2. A maximum of three levels, approximating 20. 40, and 100 percent of the display lummance, should be

used with displays that have a maximum lummance above 100 cd/m2. Intensity coding, as the only dimension forabsolute discnmination. should not be used for displays with a maximum display lummance ofless than 60 cd/m2.
(F)

1.4.3.2-8 Brightness Inversion (Tier 2 - General)
When used for alerting purposes, brightness inversion should be reserved consistently for that
purpose, and not be used for general highlighting.
CONSENT: (D)

1.4.3.2 9 - Relative intensity coding (Tier 3 - Design Details)
For relative discrumnation, a luminance difference of atleast 7 percent between adjacent areas
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between non-

(e.g., sections of a pie chart), and a luminance difference of at least 20 percent
adjacent areas (e.g., highlighted text) should be provided.
COMMEST: (F)

(Tie 3 Design Details)
Separating Levels of firightness Coding

Each level of bnghtness coding should be separ:.ted from the next nearest level by a 2:1 ratio.1.4.3.2-10

COMhENT; (A)
(Tier 3 - Design Details)

1.4.3.2 11 Not with Shape or Size Coding
Brighmess coding should not be used in conjunction with shape or size coding.
COMhENT: (B)

.
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1.0 INFORMATION DISPLAY
1.4 Coding
1.4.3 Other Coding
1.4.3.3 Color

1.4.33 1 Color Coding for Data Categories (Tier 1 Use)

When a user must distinFuish rapidly among several discrete categories of data a unique color
should be used to display the data in each category. No more than five
COhihtEh7: This should be followed panicularly when data items are dispersed on a display.
different colors should be used for category coding. With some d2 splay equipment now providing millions of
different colors, designers may be tempted to exploit that capability by using many different colors for codmg. The
capabihty to display many colors may be useful for depi:dng complex objects, and for providing tonal codes toi
show the relative values of a single vanable. However, such a capability is not useful for coding discrete categor es,(A.E)
except that it may allow a desiFner to select more carefully the pani:ular colors to be used as codes.

1.4.33 2 Color in Mimic Designs (Tier 1 Use)

Color should be used in mimics to differentiate process flow paths.
COMMENT: For example. blue may be used to code water lines: white. steam lines; yellow, oil hnes; and so
fonh. Such color differenual is potentially valuable in helping operators to son out complex intenelationships
GD

1.4.33 3 When Not to Use Color Coding (Tier 1 Use)

Color coding should not be used if the information will be accessed from monochromatic displays
or hardcopy printouts, or if users may be deficient in color perception.
COMMENT: (A)

1.4.33-4 Color Coding for Relative Values (Tier 1 Use)
When the relative rather than the absolute values of a variable are important, gradual color changes
as a tonal code should be used to show the relative values of a single vanable.
COMMENT: For example,in displaying tari depth, a saturated blue might be used to show the deepest point, with
gndually desaturated blues to show decreasing depth. (E)

1.4.3.3 5 Conventional Assignment of Color Codes (Tier 2 . Meaningfulness)
Colors for coding should be based on conventional associations with particular colors.
COMMENT: Red is associated with danger in our society, and is an appropnate color for wwning conditions.
Yellow is assceiated with caution and might be used for alerting messages or to denote changed data. Oreen is
assoctated with norma! *go ahead * condnions, and might be used for routine data display. White is a color with

( A.B.E)neutral association, which might be used for general data display purposes.

1.4.3.3-6 Conservative-Use of Color (Tier 2 - General)
Color coding should be employed conservatively, using relatively few colors and only to designate
critical categories of displayed data.
COMMENT: Casual. arbitrary use of colors on every display may cause displays to appear " busy" or cluttered
Casual use of color will also reduce the likelihood that significant color coding on particular displays will be
int-rpreted appropriately and quickly by a user. ( A.B.E)

1.4.33 7 Redundant Color Coding (Tier 2 - General)
Color coding should be redundant with some other display feature such as symbology.
COMMENT: Displayed data should provide necessary information even when viewed on a monochromatic display

(A.B.E)terminal or har.1-copy printout. or when viewed by a user with defecdwe color vision.

1.4338 Confot eng to Already Existing Meanings for a Job (Tier 2 - General)
Color cod s should conform to color mearungs that already exist in the user's job.
COMMENT: Color meanings will be more easily leam-d if color codes conform ta color meanings that aircady(B)
exist in a person's job. Color codes employing different meanings will be much mor- difficult to use.
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1.4.33 9 Easily Discriminable Colors (Tier 2
General)

When selecting colors for coding discrete categories of data, those colors should be easily
d

COhthENT: For erample, on a light luchground: red, dark yellow, green, blue and black - on a dark backgroun :discriminable.
If color cod:ng is applied to symbols that subtend smalj

d li i the number of colors used,desaturated red. Freen and blue, plus yellow and wiute.

vistial angles, which makes color percepuon difficult, there will be a special nee to m tif colors are used for & splaying text, care should be taken to ensure that colcred leuers are legible as well as
dacnminable. (A.E)

1.4.3.3 10 Unique Assignment of Color Codes (Tier 2
General)

When color coding is used, each color should represent only one category of displayed data.COhiMENT: Color will prove the dominant codmg &mension on a & splay. If 6 veral different categories of data aref
duplayed in red, say, they will have an unwanted visual coherence which may hinder pro;er assimilation o
information by a user. (E)

(Tier 2 General)
Limited Color Coding for Group Membership

Color coding for group membership should be limited to five or fewer colors,1.4.3.3 11

CohtMENT: (D)

Saturated Blue for Ilackground Color (Tier 3 - Design Details)
Saturated blue should only be used for background festures in a display, and not for critical data.The human eye is not equally sensitive to all colors, not are its optics color corrected. Blue symbols
1.4.33 12

d

appear dimmer than others, and are mort difDeult ;o focus. If blue is used for displayed data,it should be a desaturateCOMMENT:

(E)blue or cyan in order to make the data more legible.
(Tier 3 - Design Details)

Brightness and Saturation to Draw Attention
Brighter and/or more saturated colors should be used when it is necessary to draw a user's attention1.43.3 13

COMMENT: Both intensity and saturation should be used to draw a user's anention to critical data. Althoughsaturated and/or intense hues are useful for drawing a usets suention, their overuse willitsult in a display which s
to critical data. i

garish and difficult to view for long periods. (AI)

1.43314 Color and Quantitative Values (Tier 3 - Design Details)

Differences in color should not be used to represent differences in quantities. COMMENT: For example, the color should not change from blue to red as volume increases in the Refueling Water
lloidup Tank. (D)

1.4.33-15 Color Should Not be Distracting (Tier 3 - Design Details)
The use of color should not be distracting to the user

.

COMMENT: (!!)

1.4.3.3 16 Colored Ambient Light and CRTs (Tier 3 - Design Details)
Colored ambient lighting should not be used in conjunction with color-coded CRTs.
COMMENT: (B)

Unplanned Patterns from Color Coding (Tier 3 - Design Details)1.4.33 17Color coding should not create unplanned or obvious new pattems on the screen.
COMMENT: (B)
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INFORMATION DISPLAY1.0
1.4 Coding
1.4.3 Other Coding
1.4.3.4 Flashing /lilinking

1.4.3.4 1 Blink Coding (Tier 1_ Use)

Blink coding should be used when a displayed item implies an urgent need for user attention.COhBEh7: If used sparingly, blinking symbols are effective in calling a user's auention to displayed items of
visual fatigue if

unusual significance. Blinking characters may have somewhat reduced legibility, and may cause
used too much. (A.D.E,F)

Flashing should not be used as a means to highlight routine information. Flashing should only be1.4.3.4 2 Flashing _ (Tier 1 Use)

used as an alerting /warninging code.

COhBENT: (A)
(Tier 1 - Use)No Blinking for Attention to Detail or Reading

Blink coding should not be used for displays requiring attention to detail or reading of text.1.4.3.4 3

COhBENT: Blink coding generally reduces search times, especially in cense displays. Equal benefit has beenfound if the entire stimulus is blinked, pan of the stimulus is blinked or even if all of the nonstimuli are blinke .d

(A)
Visual search was not degraded, even in the nonstimulus blink condition.

Off Never Used to Attract Attention (Tier 1
Usc)

P
1.4.3.4-4
An "off' condition should never be used to attract attention to a message.
COhthENT: (B)

(Tier 1 - Use)
1.4.3.4 5 Long persistence Phosphor Displays
Blink coding should not be used with long-persistence phosphor displays.
COhBENT: (B)

1.4.3.46 Blinking (Tier 2 - General)
No more than two blink rates should be used to draw attention to criticalinformation.
COMhENT: (F)

1.4.3.4 7 Event Acknowledgement Keys (Tier 2 - General)
Event acknowledgement or flash suppression keys should be provided.
COMhEh7: (A)

Small Area (Tier 2 - General)1.4.3.4-8
Only a small area of the screen should blink at any time.
COhnENT: (A)

1.4.3.49 Optimal Blink Rate (Tier 3 - Design Details)
When blink coding is used, a blink rate in the range from 2 to 5 lh, with a minimum duty cycle
(ON interval) of 50 percent should be used.

COhBENT: The differences between the two blink rates should be at least 2 Hr The slow blink should be notless than 0.8 Hz and the fast blink rate should not be more than 5 Hz. 'Ihe percentage of time that the image should(A.D.E.F)
be 'on" should be greater than or equal to the time that it is "off." A 50 percent duty cycle is preferred.

1.4.3.4-10 Blinking Marker Symbols (Tier 3 - Design Details)
When a user must read a displayed item that is blink coded, an extra symbol such as an asterisk to
mark the item should be used, and the marker symbol N" Slink rather than the item itseH.uting from its legibility. (A.D.E)
COhBENT: "Ihis practice will draw anention to an item with .

1.4.3.4-11 Flashing Arrow (Tier 3 - Design Details)
.
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When flashing arrow is used to highlight a specific line of text or value in a table,the spatial
relation between the arrow and the item to which the arrow points should be consistent.

(D)
COMMENT: The arrow should not obscure any chara:ters.

.
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1;0 -INFORMATION DISPLAY
-<

_ Coding Coding1.4
Other-1.4.3

1.4.3.5 Image Reversal
(Tier 1 ~ Use)

1.4.3.51.. Reverse Video to In'dicate SelectionReverse video may be used :.' iadi~m relection of a parameter or set of data.
COhSErrr: (D)

1.4.3.5 2 Image Reversal. (Tier 1 Use)

Image reversal should be used primarily for highlighting in dense data fields.
Cohn sh7: (B)

1.4.3.5 3 Coding Annunciator Information (Tier 1 - Use)
>

Image reversal can be used to code annunciator information that requires immediate response.
COhmENT: (B)

-.

E

i
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1.0 . INFORMATION DISI' LAY
1.4 Coding
1.4.3 L Other Coding
1.4.3.6 Line

Coding by Line Length - (Tier 1 :Use)

Codes with lines of varying length should be used for applications involving spatial categorization1.4.3.6 1 '

*

in a single dimension. (AE) _
~ COMhENT: For example,the length of a displayed vector might be used to indicate speed.'

Coding by Line Direction -(Tier 1 - Use)
Codes with lines of varying direction should be used for applications involving spatial1.4.3.6 2

categorization in two dimensions.COMMENT: For example, the angle of a displayed vector might be used to indicate direction.i.e.. heading or
,

beanng. (A.E)

1.4.3.6 3: Line Coding- (Tier 1 _Use)

For graphic displays, auxiliary methods of line coding should be used, including variation in line
type (e.g., solid, dashed, dotted) and line width.COhiMENT: hree or four line types may be readily distinguished. and two or three line widths.(AI)-

-i
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1.0 INFORMATION DISPLAY
1.4 Coding
1.4.3 Other Coding
1.4.3.7 Shape and Symbol

1.4.3.7 1 Shape Coding (Tier 1 Use)
Coding with geometric shapes should be used to help users disenminate different categories of data
on graphic displays.COhBEST: Appmumateiy 15 different shapes can be distinguished readily. (A.B.DI)

(Tier 1 Use)
1.4.3.7-2 Symbols to Represent Fquipment Data
Symbols should be used to represent equipment components and process flow or signal paths,
along with numedcal or coded data reflecting inputs and outputs associated with equipment.
COhBENT: (B)

1.4.3.7-3 Special Symbols (Tier 1 - Use)
Special symbols, such as asterists, arrows, etc., should be used to draw attention to selected items
in alphanumeric displays.
COhBEh7: (A.E)

(Tier 1 - Use)
1.4.3.7-4 Graphical Coding Over Word Messages
When rate of comprehension and detection is important, graphical coding should be used rather

COhSENT: In general. symbolic / pictographic signs are more quickly detected and comprehended than word
than word messages.

messages. (B)

1.4.3.7-5 No Alternating Words and Symbols (Tier 1 - Use)

Words and symbols should not be used altemately.COhSEh7: Alternate use of symbols and wonis could cause confusion and retanl task performance. If a panicular
situation includes items that cannot be completely pictonahzed. i.e., if some items are easy to pictcrialize but others
are not. It is bener to stick to a word labeling rystem: observers will only be confused if they find some pictonals
ann mme word labels on an operator panel. (B)

1.4.3.7-6 Standard Symbols (Tier 2 - Consistency)
Graphic symbols should have standard aaeanings and be used consistently within a system and
amcng systems with the same users. -
CONSENT: (DE)

L4.3.7-7 Consistent Use of Special Symbols (Tier 2 - Consistency)
Special symbols to signal critical conditions should be cor:sistently used only for that ptupose,

,

COhBEST: (A.B.E)

Establishing Standards for Shape Coding (Tier 2 - Meaningfulness)
When shape coding is used, codes should be based on established standards or conventional1.4.3.78

COhSENT: Although shape codes can often be mnemonic in fonn. their interpretation will generally rely on
meanings.

teamed association as well as immediate perception. Ensung user standards must be taken into account.
. (B.C.D.E)

Clearly Discriminable Shapes (Tier 2 - General)1.4.3.7-9

Shapes used in coding for data groups should be clearly discriminable.CO)SENT: For example the elements of one group in a display might be triangles and the elements of a second
group might be circles. (D)

1.4.3.7-10 Upright Symbols (Tier 2 - General)
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Pictorial symbols should always be oriented " upright."
COhBENT: (B) (Tier 2 -

Maximum Viewing Distance / Minimal Ambient Lighting
1.4.3.7 11 d

The pictorial pattern should be identifiable from the maximum viewing distance and/or un erGeneral)
dii

minimal ambtent lighting conditions.COhthENT: Some pictorial panems may be effective only when the viewing distance and lighting con t ons arei becomes smaller or more

optimum; be sure that a particular pictonal partem does not lose its identity when t(B)
distant and/or when the ambient lighting or atmosphs ic condition are not good.

(Tier 2 General)' indicate the meaning of all symbols within the display.1.4.3.7-12 Legends i t d with

Displays should uselegend(s)COhihEN7: The 1:5 md(s) shoulo mdicate the meaning of all symbols in a display, both symbols assoc a ed)h ld be clearly associated with its
multiple referents are ese associated with only a single referent. The legen (s s ou(D)
window ar.d distinguishable from the display information.

1.4.3.7 13 Lowercase Lttiers for Labels (T'er 3 - Design Details)
When letters are vsed, perhap s to annotate geometric display symbols, lowercase letters should be
used to improve discriminabiity.
COMhENT: (B)

1.4.3.7 14 More than One Legend (Tier 3 - Design Details)
More than one legend should be provided if a display has many different symbols.COhSENT: If multiplelegends ase used on a display, the symbols should be grouped in legends accordmg to

(D)
perceptual similarity (e.g.. a color legend and a shape legend).

1.4.3.7-15 Data Grouping by Shape Coding (Tier 3 - Design Details)
Under most conditions, the preferred technique for data grouping in a graphic display should be

h

shape coding.COhBENT: Shape coding is achieved by items having the same shape, provided the shapes used are large enoug
(D)to perrnit discrimination of different shapes

1.4.3.7 16 Miminum of 20 Min of Arc (Tier 3 - Design Details)
Symbols should subtend a mmtmum of 20 min. of arc. If the viewing distance is longer than the
normal 28 in.,it should form a visual angle of about 22 min. of an:,COhBENT: The size of any symbol can be measure at the surface of the screen.but this does not detemune t e

h

bl h viewer's eye.and

visibility of tM symbol. What is impanant. is the angle that is subtended by the sym o at t e
(B)

this angle depends on symbol kight and viewing distance.

1.4.3.7-17
Stroke Width to-Height Ratio (Tier 3

Design Details)

The stroke width-to-height ratio should be 1:8 or 1:10 for symbols of 0.4 in, or larger viewed up
to a distance of 7 ft.
COhBEN*n (B)

Markers Close to Words Marked (Tier 3 - Design Details)
When a special symbol is used to mark a word, the symbol should be separated from the beginning1.4.3.7-18

(E)
COhBENn A symbolimmediately adjacent to the 1:egirming of a wor 3 willimpair hgibility.
of the word by a space.
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INFORh1ATION DISI' LAY1.0
1.4 Coding
1.4.3 Other Coding
1.4.3.8 Size

1.4.3.8 1 Limited Use of Size Coding (Tier 1
Use)

Size coding should be used only for applications where displays are not crowded.COhthEST: S:ze coding is achieved by varying the size of displayed a)phanumerics. labels, and other syrnbo s.l

(E)
No rnore that three dtstinct cites shotld be used in site cojing.

1.4.3.8 2 Adequate Differences in Size (Tier 3
Design Details)

For size coding, a larger symbol should be at least 1.5 times the height of the next smaller
symbol. An increase in symbol height must usually be accompanied by a proportiona

(A.E)COhth1ENT:
increase in width to preserve a constant aspect ratio and so fa:ihtate syrnbol recognition.

1.4.3.8 3 Symbol and Size (Tier 3 Design Details)
Where size difference between symbols is employed, the major dimensions of the larger should bel
at least 150 percent ot the major dimension of the smaller with a maximum of three size leve s
permitted.
COhihENT: (A)

(Tier 3 - Design Details)
Symbol Size Proportional to Data Value

When the symbol size is to be proportional to the data value, the scaled parameter should be the1.4.3.8 4

syrnbol area rather than a liacar dimension such as diameter.
COhthEST: (B)

1.4.3.8 5 Area Coding (Tier 3 Design Details)
For area coding, the maximum number of codesteps should be six, with three recommended.
COMhENT: (B)

1.4.3.8-6 Leagth Coding (Tier 3 - Design Details)
For length coding, the maximum number of code steps should be six, with three recommended.

-

COhihEST: (B)
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INFORMATION DISPLAY1.0
1,4 Coding

Other Coding1.4.3 S patial/ Position /Pa tt e rn/ Location1.4.3.9

1.4.3.9 1 Pattern / Location Coding (Tier 1 Use) hd
Pattem and location coding may be used to reduce search time by restricting the area to be searc e
to prescribed segments.
COMMENT: (A.C)

1.4.3.9 2 Grouping Techniques (Tier 1
Use)

Grouping techniques should be used to group functionally similar information and to indicate
fh cter.

membershipin a common group. COMMENT: Grouping techniques include pouping by color, shape, spatial distance, onentation, type o c ara
*

etc. (D)
(Tier I - Use)

Spacial Distance for Redundant Coding
Spatial distance should be used for redundant coding when possible. Limitations are physical1.4.3.93

screen size and amount of information to be displayed. COMMENT: Although data pouping techniques have been found to be task dependent, pouping bued on ocat on
l i

(D)has been generally successful across a variety of tasks.

1.4.3.94 Ilordering Single Blocks (Tier 1 - Use)
A border should be used to improve the readability of a single block of numbers or letters.
COMAEhT: (B)

(Tier 2 - Sequencing and Grouping)
1.4.3.95 Cohesive Groupings
Displays should provide cohesive groupings of display elements so that users perceive large
screens as consisting of smaller identifiable pieces or chunks.
COMMENT: (D)

(Tier 2 - General)
Distinctive Borders Around Critical InformationIf several labels or messages are clustered in the same area. distinctive borders should be placed1.4.3.96

around the etitical ones only.
COMMENT: (B)
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INFORMATION DISPLAY1.0
1.4 Coding
1.4.' Other Coding
1/.a a0 Texture (Tier 3 - Design

Darkest / Lightest Correspond to Extreme Values
1.4.3.10 1

Where texture pattems or tonal variation coding is used, values should be selected so tha
e

Details) 3

darkest and lightest shades correspond to the extreme values of tne coded variable.~;

COMhENT: (A)

1.4.3.10 2 Simple Texture Codes (Tier 3 - Design Details)
In selec'ing textures to code displayed areas, choose simple hatching rather than elaborate patterns.
COMhE.NT: Compared with manual drafung methods,it is tempdngly easy to L.ve a computer generate texture_

..

id f
codes of considerable complexity. Texture coding is a technique specifically related to graphics. Othe k n s o
display codmg (e.g.. site, shape, brightness, color), can be applied more genemlly in display design. (E)

-
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INFORMATION DISPLAY1.0
1.5. Display of Safety Parameters
1.5.1. General

1.5.11 Indication of Plant Status (SPDS)
,

The display does not ght false indications of plet status. |
COhihiENT: (G) i

1.5.12 Sampling Rate (SPDS) |
The sampling nte for each critical plant variabic is such tlat there is no meaningful loss of!

informauon in the data presented to the control room operator.
,

COhn(ENT: (G) |
(SPDS) '

Operator comprehension of a change in the safety status of the plant from the SPDS display could1.5.13 Rapid Recogncan of Status

be achieved in a matter of seconds.
COhiMESTT: (G)

1.5.1-4 Range of Conditions Portrayed (SPDS)
The display system correctly portrays information about the plant's safety status for a wide range
of eveats and includes symptoms of severe accidents.
COhfMENT: (G)

1.5.15 Trend Indication (SPDS)The SPDS display has the capability of indicating trends of each SPDS variable.
COMMENT: (G)

1.5.16 Display of Derivatives (SPDS)
Display of time derivatives of variables is acceptable only whet. the derivatives unambiguously
reflect the trends is the critical plant variables.
COhiMEt(T: (G)

Perceptual Cues (SPDS) rsonnel to the abnormal operating7.5.17 l
.he SPDS, where feasible includes perceptual cues to a ert pe
conJition.
COMMENT: (G)

1.5.18 Distinctive Disp, lay (SPDS)
The SPDS is readily distingutshed f om other displays on the control boari
COMMENT: (G)

1.5.19 Display Readability (SPDS) i NUREG.
'The display meet the intent of the appropriate display readability guidelines stated n
0700.
COMMEhT: (G)

i
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1.5.1 10 Control of Disniay Content (SPDS)ne control room operating crew. not personnel outside the control mom, control images :. glayed
on the control room SPDS.
COMhhT: (G)

1.5.1 11 Dedicated Display (SPDS)
A dedicated display, such as a CRT. continuously displays the minimum set of variables necessary
to assess the safety status of the plant.

COMhENT: (G)

1.5.1 12 Hierarchical Display (SPDS)
A hierarchical display system is used with control room operator-controlled means to access all
levels of display formats needed to evaluate the safety status of the plant.
C Ohth S T: (G)

1.5.1 13 Alert to Primary Displa) (SPD3)
Perceptual (audible or visual) cues are provided Fy the system to alert the control room operator to
retum to the prirnary display format while vcw.ng secondary information.
CohthirNT: (G)

1.5.1 14 11ackup Procedures (SPDS)
Operating procedures and training are provided to the control room operating crew that will allow
timely and correct safety status assessment when the SPDS is not operating.
COhtMENT: (G)

1.5.1. ;5 Training (SPDS)
The control room operator's training program contains instruction and training in the use of theSPDS in conjunction with operating procedures for nonnal, abnormal, and emergency operating
conditions.
COhthENT: (G)

User's Manual (SPDS)1.5.1 16
An SPDS user's manual is available for reference in the control room.
COMhENT: (G)

1.5.1 17 Hierarchical Disalays (SPDS)
The design provides a primary c isplay supported by a coordinated set of hierarchical subordinate
displays for each mode of plant operation.
COMMENT: (G)

1.5.1 18 Use of Graphic Overlays (SPDS)
Graphic overlays should not distract the operator or interfere with the observation of displayed
information or mterpretation of plant operating conditions.
COMhDT: (G)

1.5.1 19 Choice of Setpoints (SPDS)
Setpoints used to indicate a change in status are chosen specifically for their suitability to perform
the desired function.
COMhBT: (G)
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1.0 INFORMATION DISPLAY
1.5. Display of Safety Parameters !

1.5.':.. Data Quality
,

!

The time delay from when the sensor signal is sampled to when it is displayed is consistent with1.5.2 1 Time Delay (SPDS)

other control room displays and should be responsive to control room operators' needs in
performing assigned tasks.
COMMENT: (G)

1.5.22 Accurney (SPDS)
Each critical

slant variable is displayed with an accuracy sufncient for the control room operator to
discriminate

xtween conditions that impact the plant's safety status and nonnal operating
condition.
COMMEh7: (G) |

1.5.23 Data Verification (SPDS)
,

.

Redundant sensor readings are compared before displaying the critical plant variable.
'

COMMENT: Ma

1.5.2-4 Analytical Redundancy (SPDS)
Analytical redundancy among different critical plant parameters is used and models and equations
have been documented and validated.
COMMENT: (G)

1.5.25 Identincation of Data Qustity (SPDS)
Validated data, unvalidated data, and invalid data arr ' lentified and coded where practical.
COMMENT: (G)

1.5.2 6 Stability of Trend Data (SPDS)

*Irend rates presented to the control room operator should not flactuate as a result of minorfluctuations in data or oscillatory behavior which may be superimposed on a well-defined trend of
the variable.
COMMEh7: (G)

Indication of Non Representative Trend Data (SPDS)

Wht:n a simple quantitative rate-of change value is used. an indication should be pmvided toinform the control room operator when, as a result of minor fluctuations or oscillations. the rate
1.5.2 7

value does not accurately represent the trend of tle vannble.

COMMEt(T: (G)

1.5.28 Operability Monitoring (SPDS)
De SPDS design incorporates an automatic or user activated operability monitoring feature,
COMMENT: (G)

|

1.5.2 9 Indication of System Failure (SPDS)
he design incorporates a display of calendar date and time of day such that the display is updated|

only when the system is operaung properly so that a static time would indicate a system failure.
'

COMMEh7: (G)

!
'
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INFORMATION DISPLAY1.0
1.5. Display of Safety Parameters
1.5.3. Format

1.5.3 1 Selection of Display Format (SPDS)
A manually operated switch or input from an alpha numerie keyboard, touch panel, light pen.
cursor. or equwalen arrangement is provided by the design to allow the control room operator to
select the display format for the mode of plant operation.

COhihiDiT: 0

1.5.3 2 Automatic Format Change (SPDS)
Automatic display format change occurs with a change in the mode of plant operation.
COhiMENT: (G)

1.5.3 3 Indication of Automatic Change (SPDS)
'Diere are provisions in the display to indicate to the control room operator that a change in the
mode of plant operation has occurred.
COh1MD=T: (7)

(SPDS)
1.5.3 4 Mode Specific Display Formats
The design has a display fonnat for each mode of plant operation.
COhthiENT: (G)

1.5.3 5 Minimum Data Set (SPDS)For each mode of operation. the displays contain the nanimum set of indicators and data needed to
assess the plant functions that are used to determine the plant's safety status.
COhiMENT: (G)

e
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INFORMATION DISPLAY1.0
1.5. Display of Safety Parameters
1.5.4. Coding

1.5.4 1 Color Coding (SPDS) i

Color coding is used to indicate the approach to unsafe operation and to indicate unsafe operat on.f
'

COhtMD4T: (G)

1.5.4 2 Limit Marks (SPDS) |

Limit marks are used for each critical plant variable displayed.
COhth E T: (G)

1.5.4 3 Pattern Cotijng (SPDS)
Pattems are used that noticeably distort when an unsafe condition is approached.

,

COhiMENT: (G)
(SPDS)1.5.4 4 Color Coding of Change in StatusWhen color changes are used to indicate a change in functional or operating status, no more thani f status.

three colors should be used, corresponding to two levels of change in sever ty o
COhiMENT: (G)

1.5.4 5 Consistent Color Codes (SPDS)The colors used in the SPDS display are consistent witi color codes used elsewhere in the control
room.
COMMFNT: (G)

Color Coding Conflicts (SPDS)

Displays avoid conflicts between the use of color coding to enhance selective identification ofdisplay elements and the use of color codes to enhance cl' anges in the operating status of displays,
1.5.4 6

display elements, or displayed variables.
COMMENT: (G)

1.5.4 7 Distinctiveness of Pattern Coding (SPDS)
When a pattern is used to enhance the contml room operator's awument of the safety status ofi h distinguish
the plant, the pattern for normal operating conditions has distinctive characterist cs t at
it from the patterns produced by other conditions.
COMMENT: (G)

1.5.4 8 Use of Pattern Coding (SPDS)
Displays relying on pauern tecognition to identify an abnonnal condition are selected for variablesdii d that
that have small deviations about a steady state value during normal operating con t ons an
have distinctive variations from the steady state value curing abnonnal conditicos.
COMMENT: (G)

1.5.49 Augmentation of Coding (SPDS)
Top level display fonnats based only on shape coding or only on color coding or on a combirtationi|

of these are augmented with lower level display formats which are based on alphanumeric cod ng'

'

of data and information
COMMEhT: (G)

l
,

|
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INFORMATION DISPLAY1.0
1.5. Display of Safety Parameters
1.5.5. Sest. ing

Automatic Rescaling (SPDS) _

It is preferable that changes in scale for the purpose of maintaining an undistorted display fordifferent operating condiuons be made by a command by the control room operator rather than by
1.5.5 1

automatic action of the display signal or d ,i gaaening systern.

COMMENT: (G)

1.5.5 2 Indication of Rescaling (SPDS)
A system that is designed to automatically change scaling alens the control room operator that the
change is being made.
COMMENT: (G)

1.5.5 3 Use of Non Linear Scaling (SPDS)

When a non linear relationship between the magnitude of the measumd or derived value of thevariable and the display element used to deaict the value is used,it can be demonstrated that suc ah

relationship is better understood by contro
room operatm or that it will actuatly facuitate treit

inter}vetation of inimnation.
COMMEhT: (G)
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INFoltMATION DISPLAY1.0
1.5. Display of Safety Parameters
1.5.6. Workspace

The dispiny is readily accessible to the following personnel, but not necessarily simultaneously:1.5.6 1 Display Accessibilliy (SPDS)

Sbtft supervisor
Control room senior reactor operator
StAft tecimical adynor
One rextor operator

COhihtEh7: (0)

1.5.62 Operator Access (SPDS)
.

Member of the control room operating crew have physical r.ccess to the SPDS.
COhihiEhT: (G)

Glare from normal of emergency lighting dces not restrict the view of the SPDS from within the1.5.6 3 Lighting (SPDS)
SPDS.

control room, and I':minance levels and luminance contrast do not limit viewing the
COMAEh7: (G)

The SPDS display is readable from the emergency station of the control room operator responsible1.5.64 Display Visibility (SPDS)

for evaluating the safety status of the plant.
COhihiEhT: (G)

1.5.6 5 Display Position (SPDS)
The display system does not interfere with the crew's normal rp'vement.
COMhEN7: (0)

1.5.6 6 Interference with Other Displays (SPDS)
The display system does not interfere with full visual access to other contml room operating
systems and with displays important for safe operation.
COhihsEST: (G)

I
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INFORMATION DISPLAY1.0
1.5. Display of Safety Parameters
1.5.7. Display Formats
1.5.7.1. Normal Values

1.5.7.11 Normal Values (SPDS) il d

A bar chan should provide a reference to the normal operating value of each variable d sp aye .
COMMENT: (G)

The normal operating range of a vuiable on a har chart is indicated when the operating range is a1.5.7.12 Normal Ranges (SPDS) -

significant fraction of the total range.
COMMENT: (G)

s

L

.

.
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INFORMATION DISPLAY1.0
1.5. Display of Safety Parameters
1.5.7. Display Formats
1.5.7.2. Deviation Bar Chart

1.5.7.21 Zero Reference (SPDS)

'nte zero reference is in the center of the deviation bar chart.
COhthtENT: (G)

1.5.7.22 Nor;nal Range (SPDS) 10% of

The range of normal conditions for positive or negative deviations represents no more than
the total range provided to display that variable's deviation.
COMhfENT: (G)

1.5.7.23 Indication of Magnitude (SPDS)
Some way to indicate the magnitude of each variable is provided when 6e deviation bar display isd i ti n
used as a primary SPDS display format because Inis information is not included in the ev a o
bar chart itself.
COMMENT: (G)

L

.

.
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INFORMATION DISPLAY
''

1,0 -
1.5. Disple of Safety Parameters |
1.5.7. Dis my Formats
1.5.7.3. C rcular Profile

:

1.5.7.3 1 Normal Profile (SPDS)
Under normal conditions, the profile is circular or regular,
COMMENT: (G)

.

f

[
l

:

r

.
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INFORMATION DISPLAY1.0
1.5. Display of Safety Parameters
1.5.7. Display Formats
1.5.7.4. Chernoff Faces

1.5.7.4 1 Use of Chernoff Faces (SPDS)
Chemoff faces are not used as the primary display format for SPDS.
COMMIhT: (G)

-

a

w
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OPERATOR INPUT AND CONTROL2.0
2.1 Entering Info mation
2.1.1 General

Standardized Procedures (Tier 2
Consistency)

2.1.11
Procedures for user actions should be standardized.COhihENT: LOG ON and LOG OFF procedures, menu selecuan techniques, user input pro:cdures, and enorid (C)
correcuon prcx;edures are curnples of user acuons for which standardued cowenuons are requ re

2.1.12 Input units (Tier 2 Meaningfulness)

Data should be entered in units which are familiar to the user.
COhihENT: (A)

2.1.13 Availability of information (Tier 2 . Task Compatibility)
Information necessary to select or enter a specific control action should be available to the user
when selection of that control action is appropriate,

COhihENT: (A)

2.1.1 4 User memorization (Tier 2
Memory Load)

The requirement to learn mnemonics, codes, special or long sequences, or special instmetions
should be mininured.
COhthENT: (A)

2.1.? 5 Data r.,anipulation (Tier 2 . Memory Load)
The user should be able to manipulate data without concern for intemal storage and retrieval
mechanisms of the system.
COhihEST: (A)

2.1.16 Default Values (Tier 2
Memony Load)

When likely default values can be defined for the data entries in a particular task, those default
values should be offered to speed data entry.

COhihEhT: (AI)

2.1.1 -7 Display of Default Values (Tier 2 - Memory Load)
On initiation of a data entry transaction, currently defined default values should be displayed in

their appropriate data fields.COhihENT: It may be helpful to mark default values in some way to distinguish them from new data entries.
(AI)
2.1.18 Single Method for Entering Data (Tier 2 - Minimizing User Actions)
Data entry transactions and associated displays should be designed so that a user can stay v,ith one
method of entry, and not have to shift to another.

As a positive cumple, minimite shifts from lightpen to keyboard entry and then back again. As a
negative example, a user should not him to shift from one kryboard to another, or move from one work station toCOhihENT:

another. to accomphsh different data enny tasks. (A.E)

2.1.19 Data Entered Only Once (Tier 2 - Minimizing Uscr Actions)
A user should need to enter any particular data only once, and the computer should access those
data if needed thereafter for the same task or for different tasks.COhihEhT: In effect. this recommendation urges integrated ard flexible software design so th.u different ;rogramsd

can access fueviously entacd data as needed. Requiring reetry of data would irnpose duplicative effon on users an
increase the possibility of entry errors. (AR)

2.1.1 10 ~Jser Review of Prior Entries (Tier 2 - Minimizing User Actions)
When data entries made in une transattion are relevant to a subsequentthe computer should retrieve and display them for user review rather
transaction,

Page1
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than requiring re entry of those data.
COMMENT: (A.E)

(Tier 2 hiinimizing User
Automatic Generation of Routine Data2.1.1 11

For routine data that can be derived from existing computer records, the computer should accessActions)
i iti te a

and enter such data automatically.COhtMEh7: As a neptive example. Users should be required to identify a work station in order to n aa:pon sequence codes. Some data entryd

transa:uon.nor to in:lude other routine data such as current date an transroutines may be imposed in the interest of security, but at the ruk of hindering a user n ac evi hi ing effecove task

performance. (AI) (Tier 2 - hiinimizing User
Automatic Computation of Derived Data2.1.1 12 llt

Automatic computation of derived data should be provided se that a user does not have to ca cu a eActions)
and enter any number that can be derived from data already accessible to the computer.i
COhthtEh7 Statistical desenptors such as sums, means, etc. can all be derived automaucally by appropr ate
software. .(AI)

(Tier 2 hiinimizing User Actions)
Automatic Entry of Redundant Data

If data are accessible to the computer that are loF cally related to other entries, the computer should2.1.1-13 i

retrieve and enter those redundant data items automatically.COMhiENT: As a negative example. a user should not have to enter both an item name and identification co e
d

i i d usersshouldbe ar.ked to

when either one deftnes the other. When verification of previously entered data s requ re , review and confirm data ierns rather than re enter them. Redundant entry may be needed for resolving am gu
bi ous

(AI)
enmes, ior user training. or for secunty (e.g.. user identifica60n).

(Tier 2 - hiinimizing User Actions)
2.1.1-14 Automatic Cross File UpdatingAutomatic cross file updating should be provided whenever necessary, sr> that a user does not have
to enter the same data twice.
COhiMENT: (AI)

(Tier 2 hiinimizing User
Easy Confirmation to Enter Default Values2.1.1-15

Users should be provided with some hnple means to confirm acceptance of a displayed default!Actions)

COMbiEST: Similar techniques should be used when a user must review the a:cuncy of prrvioasly entered data.value for entry.

(AI)Simply tabbing past the oefhuh field may suffice.

2.1.1 16 hiinimal Shift Keying (Tier 2
hiinimizing User Actions)

Data entry transactions should be designed to minimize the need for shift 1 cying.
COMMEN7: Shift keying can be considered a form of double keying which imposes a demand for extra useranention. Frequently used characters should be ptaced wheat Lley can be easily keyed. Conversely, frequent use of

characters requiring shift keying should be avoided. (AI)

(Tier 2 hiinimizing User Actions)

When hierarchicallevels are used to control a process or sequence, the number of levels should be2.1.1 17 liierarchical process

minimized. Display and input formats should be similar withinlevels and the system should
indicate the current positions within the sequence at au times.
COMMENT: (A)

2.1.1 18 Feedback During Data Entry (Tier 2 - Feedback)
Feedback should be displayed for all user actions during data entry; keyed entries should be
displayed stroke by stroke.COMMEh7: For reasons of data protection. It may not be desirable to display p.sswords and other secure ennies.
(AI)
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(Tier 2 . Feedback)Feedback for Completion of Data Entry
ne computer should acknowledge completion of a data entry t;4nsaction with a confirmation2.1.1 19

message if data entry was successful, or else with an enor message.
,

d f the |

COMMENT: Su:cessf ul data entry should not be signaled merely by automaue erasure of entered ata romdisplay, except possibly in the case of repetitive data entnes. For single data entry transactions.t. may e et eb b t r if
I ence of routtne.

entned data is lef t on the 6 splay until the user takes an espbeit action to clear the & splay. n a sequrepetitive data entry transacuons, however, successful completion of one entry should result simp y n reli generation

(A.E)
of the irutial (empty) data entry 6 splay,in order to speed the next entry in the sequence.'

Feedback for Repetitive Data Entries (Tier 2
Feedback)

For a reactitive data entry task that is accomplished as a contintdng series of transactions, successful entry should be indicated by regenerating the data entry display, automatically remov ng
2.1.1 20 i

the jt:st entered data in preparation for the next entry.COMMEhT: Automati; erasure of entered data represents an excepuon to the general principle of control byi ht be

exphcn user acdon, in adition to erasure of entered data, a message confinning successful data entry m g
& splayed. Such a message may reassure uncertain users.especially in system applications where computer
perforrnance is unreliable. (E)

(Tier 2 . Error Handling)
Clarifying Unrecognized Abbreviations

When the computer cannot recognize an abbreviated data entry, the user shottid be questioned as2.1.1 21

necessary to resolve any ambiguity. (A.E)
COMAENT: "Ihis may occur when a user enters a misremembeced abbreviadon.

2.1.1 22 Explicit ENTER Action (Tier 2 . General)
A user should be required to take an explicit ENTER action to initiate processing of entered data;
processing should not be initiated as a side effect of some other action.COMMEhT: As a negative caample, returning to a menu of control options should not by itself result in computerfl

processing of data just keyed onto a display. However,in routine.repeative data entry transactions, success ulicit

completion of one entry may automatically lead to initiation of the neat. Deferring processing until after an expEXTER a: tion will permit a user to review data and conect errors before computer pmcessing, this is particularty
(A.E)

helpful when data entry is complex and/or difficuh to reverse.

2.1.1 23 Entry via Primary Display -(Tier 2 . General)
,

'

When data entry is a significant part of a user's task, entered data should appear on the user s

COMMENT: As a negative eaample, entry via typewriter is acaptable only if the typewriter itself. under computerconuct,is the pnmary & splay medium. When the primary display is basically formaned for other purposes, such as
primary display.

a graphic dLptay for pmcess contro!. a separate window on the display may have to be reserved for data entry.
(A.E)

2.1.1 24 Compatibility with user skill (Tier 2 . General)
Controls should be compatible with the lowest anticipated user skilllevels. Experienced users
should have options which shortcut intervening steps necessary for inexperienced users.
COhMENT: (A)

2.1.1 25 Explicit CANCEL Action (Tier 24 General)-
- A user should be required to take an explicit action in order to cancel a data entry.As a negative

COMhEhT: Data cancellation should not be accomplished as a side effect of some other action.' intenuptions of a data entry seques.:e. such as paging through forms,or detouring to HELP
,

t ol a:sion
.~t have the effect of erasing perually completed data entries. If a requested sequence con rcaample, es*

a more definite internrption, such as a LOO OFF commami, or a command to return to a menu display. thendispirs, shou
i ht ould result. (E)

the user should be asked to confirm that a tion ard alerted to the lor.s of any data entr es t a w
implit

2.1.1 26 User. Paced Data Entry (Tier 2. General)
Users should be allowed to pace their data entry, rather than having the pace being controlled by

.

Page 3'
Section 2.0 Operator input and Control

.. - . .-_.. - - - - . - . - - - - - - - - - - - . - - - -



- .- . .- - -. . - - . . -

.' *.|,

COMMEh7: The uming of user. pated data entry will fluctuate dependmg upon a user's momentary needs, attenhoncomputer processing or extemal events.
hi

span ard ume available. At matunum spen!. user. paced perfonnarse is more a: curate than that achieved by mac ne
pacing. (A.E)

2.1.1 27 Entry of Corrections (Tier 2 General)
The same explicit ENTER action should be required for entry of corrections as used for the original
entry.
COMMEh7: (A)

2.1.1 28 Editing During Entry (Tier 2 - General)
Users should be able to perform simple editing during data entry, without entering special editing
COMMENT: For example, by use of desuvetive backspace to erase and retype characters to the immediate left of

~

modes.

thecutwt. (A)

2.1.1 29 Consistent Method for Data Change (Tier 2
General)

In keyed data entry, users should always be allowed to change previous entries by delete and insert
COMMENT: If data change is sectimes made by drect character substitution (*tyjeover"),then that option shouldacuons.

ld value

also te consistently available. U> typeover, there is some risk of user confusion in replacement of an oi l i i with
with a new one, during the transitional period when the item being chanFed is seen as a 0mpos te eg nn ng

For example, form filling may require typeover to replace displayed
the new value and endmg with the old.

(A)
charac:ers such as urderscores that act as field delimiters.

2...).30 Validation (Tier 2 General)

Where repetitive entry of data sets is required, data validation for each set should be completedData entries should be validated by the system for correct format, legal value, or range of values.
before another transaction can begin.
COMMENT: (A)

(Tier 2 General)
2.1.1 31 Operator Confirmation of Destructive Entries
Operators should take explicit action to confirm a potentially destructive data / command entry before
COMhENT: What constitutes *potentially destricuve" requires dermition in the context of each system ogeration.computer execuuon.

When data entries or changes mill te nullifud by an abort n: tion, tie operator should te rtquested to confirm the
abort. (E)

2.1.1 32 Defaults for Sequential Entries (Tier 2 General)

If a series of default values have been defined for a data entry sequence users should be allowed to
default all entries or to default until the next required entry.

COMMEh7: Where a set of default values has been defined,a user may not wish to specify that each default valueshould be accepted for each data field individually,11 might le quicka to a: cept the set of defaults by a single action.
(A.E)

2.1.1 33 Character Entry via Single Keystroke (Tier 3
Design Details)

Users should be allowed to enter each character of a data item with a single stroke of an
appropriately labeled key.COMMENT: As a legative exarnple, wten a keyboard is interded prunarily for numeric input, wi h several letters
grouped on each key such as a teje%one krypad, users should te not le required to make alphabetic entries by double
keying. Devices that involve complex keying methods for alphalene entry (e.g., pressmg more than one key,
simuhaneously or successively) require sticcial user trauung and sisk frequent data entry ermrt. When hardware? ypad seem to require double keying of alphabetic entries, data codes should
hmitations ruch as tieose of a telephort
be limited so that only single. keyed (numeric) entnes are requaed. Ahematively, software to intermgate the user to(E)
resolve any ambiguities resulting from single-keyed alphabetic entries should te provided.
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(Tier 3 Design Details) idual

For coded data, numbers, etc., data entries should be kept shon :;o that the length of an indiv2.1.1 34 Keeping Data Items Short
i b th data entry and

item will not exceed 5 7 characters.COhihD7: For coded data. lehrthy items may exceed a user's rnemory span,indu:ing errors n oS h iterns can be
data renew. Proper names, meaningful words, and other textual matenal are not coded data. ucCoded data may include such
remembered more easily, and the lenrth restn:uon recommended here need not apply.fA.E)
nems as badge numters, payrou numters, mail stops, equipment and part numbers, etc.

2.1.1 35 Prompting Data Entry (Tier 3 . Design Details)
Prompting for the required formats and acceptable values for data entries should be provided. COMMENT: Prompung is particularly needed for coded data entnes. Menu selecuan may te appropnate or t af ht

ong displayed

purpose, because menu selection does not require the user to rememter emes but merely to choose arnVendor (CEGE/W) and/or

altematives. Other methods of prompting m;lude lateling data fields, such asd indeed may hinder rather

providing optional guidance displays. Prompting may not te needed by skilled users anihn help their performance in situations where display output is slow (as with Te etype ispl d lays); for such users

G)
prompting might be provided as an optional aid.

(Tier 3 Design Details)
Maintaining Context for Data Entry

In a transaction involving extended data entry, a cumulative record of previous inputs should be2.1.1 36
f

COhthiEh7: For crample,in a mulupage data entry display, the operator should not te required to recall data romdisplayed.

page to page. E)
(Tier 3 . Design Details)

2.1.1 37 Flexible Design for Data EntryWhen data entry requirements may change some means for users (or a system administrator) to
make necessary changes to data entry functions should be provided.
COMMENT: (E)

(Tier 3 Design Details)
Large Pointing Area for Option Selection

In selection of disf nyed altematives, the acceptable area for pointing should be as large asconsistently possible, including at least the area of the displayed label plus a half character distance
2.1.1 38

COMMENT: The larger the effective target area, the easier the pointing scrion will be, and the less risk of error inaround the label.

selecung the wrong tax! by mistake. (E)

2.1.1 39 Aids fu Entering liierarchic Data (Tier 3
Design Details)

If a user murt enter hierarchic data, where some items will be subordinate to others, computer aids
should be provided to help the user specify m1ations in the hierarchic structure. COMMENT: For simple data structures, question and-answer dialogues or form niling may suffice to mainta n

i
s cial

necessary data relations.For more complea data structures, such as those involved in graphic data entry, pe(E)
techniques may te needed to help users specify the relations among data entries.

2.1.1 40 Feedback when Changing Data (Tier 3
Design Details)

If a user requests change (or deletion) of a dati nem that is not currently being displayed, the useri h h e
thould be offered the option of displaying t'.ie old value before confirm ng t e c ang .
COMMENT: Displayed fcedtack will help prevret inadvenent data change, and is panicularly useful in protecting
delete actions. l ike other recommendations inter ded to redtre errtr 11 assumes that accuracy of data entry is worthl data

extra effon by the user. For some tasks, tha: may not be true. Expert users may sometimes wish to imp ement(A E)
changes without displayed feedruck, as in ' global trplace* transactions, a:cepting the attendant risk.

2.1.1 41 Optional Abbreviation (Tier 3
Design Details)

Optional abbreviation of lengthy data items should be allowed to minimize data entry keying by
expert users, when that can t>: done without ambiguity.
COMMENT: (E)

2.1.1 42 Leading Zeros Optional (Tier 3 - Design Details)
Page5
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For general numeric data, optional entry or omission of leading zeros should be allowed as
COMhENT: If a user enters *$6' in a field that is four characters long, the system should recognize that entryequivalent altematives.

h ntry of serial

rather than requiring an entry of *0f)$6*. Special cases may represent exceptions to utis rule. suc as e
numbers or other numeric identifiers.

(AI)

2.1.1 43 Decimal l'oint Optional (Tier 3
Design Details)

Optional entry or omission of a decimal point at the end of an integer should be allowed as
equivalent attemadves.
COhiMENT: (E)

(Tier 3 Design Details)
2.1.1 44 Upper and Lower Case Equivalent
For coded data entry, upper and lower case letters should be treated as equivalent.-
COhihtENT: For data codes, users find 11 difficult to remember whether upper or lower case leners are acquired, andf
so the sof tware design should not try to rnake such a distinction, For test entry, however, conventional use o
capitallied leuers should be maintained.(AI)

(Tier 3 Design Details)
2.1.1-45 Single and Multiple liianks Equivalent
Single and multiple blank characters should be treated as equivalent in data entry; users should not
be requires to count blanks.COhihENT: People cannot he relied upon to pay careful suention to such details.The computer should handlefh i h desired
them automatically,e.g.. ensuring that two spaces follow every period in text entry (i t at s t e(AE)
co:wention), and spacing other data iterns in accord with whatever fonnat has been defined.

2.1.1-46 User Definition of Default Values (Tier 3
Design Details)

Users should be perrnited to define, change or remove default values for any data entry field.
COMhENT: (AI)

(Tier 3 Design Details)
2.1.1 47 Temporary Replacement of Default Values
Users should be allowed to replace any data entry deiault value with a different entry, without
thereby changing the default definition for subsequent transactions.
COhiMENT: (AE)

2.1.1 48 Inserting (Tier 3 - Design Details)
When inserting words or phrases, items to be inserted should be displayed as the final copy will,

!

appear,
COhihEh*T: (A)
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OPERATOh INPUT AND C2.0 Entering Information2.1 Cursor Positioning and Control2.1.2 ,

2.1.2.1 General

2.1.2.11 Cursor Control General (Tier 2 General)

The user should be able to adjust the sensitivity of the cursor movement to be compatible with the
required task and user skills.
COhihiEN7: G)

2.1.2.12 Display of Cursor (Tier 2 General)

The cursor should not move beyond the display boundaries and disappear from sight.
COhihfEN7: (E)

(Tier 2 General)
Compatible Control of Cursor Movement

Control actions for cursor positioning should be cornstible with movernents of the displayed2.1.2.1 3

cursor,in terms cf control function and labeling.

COhiMEh7: For cursor control by key action, a key labeled v.ith a left pointing anow should move the cursorleftward on the display; for cursor control by joystick leftwaro 1.,ovement of the control (or lehward pressure s o) h uld

(A,C.E)
result in lehward movement of the cursor, etc.

2.1.2.14 Easy Cursor Positioning (Tier 3 . Design Details)
Users should be provided with an easy, accurate means of positioning a displayed cursor to point
at different display elements and/or display locations.COhihiENT: Cursor positiomns is a frequent user action during Fraphic data entry. An easy means for contro ng

lli

(E)
cursor movement is essential for efficient performance.
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OPERATOR INPUT AND CONTROL2.0
Entering Information2.1 Cursor Positioning and Control2.1.2

2.1.2.2 Controlling Cursor Movement

2.1.2.2 1 Consistent positioning (Tier 2 Consistency)

Where cursor positioning is incremental by discrete steps, the step size of cursor movement should
be consistent horizontally (l.c.,in both right and left directions), and vertically (in both up and
down directions).
C O hih M : (E)

2.1.2.2 2 Cursor Control Key Functions (Tier 2
General)

At the minimum, keys for cursor control should allow horizort:al and vertical cursor movement.
COhBM: Ideally. keys for cursor control should allow both horizontal and vertical movement, and movement

,

along the diagonals. (D)

2.1.2.23 Cursor Movement (Tier 2
General)

If the cursor is moved by depressing a key, releasing the key should cause the cursor to stop
moving.
COhBM: (E)
2.1.2.24 Responsive Cursor Control (Tier 2 General)

For arbitrary position designation, moving a cursor from one position to another, the cursor
control should permit both fast inovement and accurate placement.
COhBM: Ideally, when the user moves a pointing device the displayed cursor should appear to move instantly.
Rough positioning should take no more than 0.5 seconds for full screen traversal. Fine positioning may require
incremental stepping of the cursor, or a control device incorporating a large control /dtsplay ratio for small
displa:ements or a selectaF.c vernia mode of control use. For any given cursor control action, the rate of cursor
movement should be constant. i.e should not change with time. Slow visual feedback of cursor movement can be
particularly irritating when a usa is repeatedly pressing a cursor control key, or perhaps holding the key down. In(E)
that case, slow feedback will cause the user to misjudge location and move the cursor too far.

2.1.2.25 Preelse Pointing (Tier 2 General)
When fine accuracy o positioning is required, as in some imms of graphic interaction, thef

displayed cursor should include a point designation feature.COhihM: Precise pointing will also require a cursor control device capable of precise manipulation. Touch
displays, for example, will not permit precise pointing. A cross may suffice (like cross. hairs in a telescope), or

(E)perhaps a notched or V. shaped symbol (like a gun sight).

2.1.2.26 Selectable Rate Alding (Tier 2 General) .

Ra'e aiding of the cursor movement (i.e., the speed of follower movement is proportional to the
speed of input movement) should be user selectable on/off. 'Ihe default shou'd be not to have rate
aiding (zero-order control-display relation).
COhBs: (D)
2.1.2.2 7 Cursor Control at Keyboard (Tier 3

Design Details)

When position designation is required in a task emphasinng keyed data entry, cursor controlshould be provided by some device integral to the keyboard (function keys, joystick, " cat", etc.)..

| (A.E)
COhBM: Separately manipulated devices (lightpen * mouse *, etc.) will send to slow the user.|

(Tier 3 - Design Details)
2.1.2.2 8 - Location of cursor control keysIf cursor movement is accomplished by depressing keys, the keys should be located on the main
keyboard.
COhBM: (E)
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2.1.2.29 User Selectable Speed (Tier 3 . Design Details)Users should be able to select at least two speeds (normal and fast) for the movement of the cursor
when the keys for cursor control are held down.
COhihEST: (D)

Confirming Cursor Position (Tier 3
Design Details)

For most graphics data entry, pointing should be a dual action, first positioning a cursor at a2.1.2.2 10

desired position, and then confirming that posidon to the computer.COhihEh7; An exception to this recommendation would te the free hand drawing of cont nuous
i lines (* path

they are input by the user,

spectG anon *).where a computer must store and disphy a series of cursor positions asd d automatically whenever the
when the uur imttates such a hne drawing sequerce, a new datapoint might te recor e0 5 ) During
cursor has teen moved a cenain distance (e.g., I mm) or when a certain time has elapsed (e.g.. . s .il t locadon

graphics data entry, a cursor will almost always be somewhere on the display,but not necessar y a amter ed by the user, in cf feet, a user needs some way to move the cursor around and some separate a
: don to siprn!

puter when its position should te recorded. An interesting case of position confirmation ish staning

'A .ttanding'.which is a technique to aid line drawing. With tvbterbanding, a user can designate t etk i ly shows the
_

point for a hne, then move the cursor to vanous possible end pomts white the computer cont nuous(E)
ime that would result if that end point were confirmed by the user.

.

2.1.2.2 11 Variable Step Size (Tier 3 . Design Details)When character size is variable, the incremental cursor posidoning should vary correspondingly,
with a step size matching the size of currently selected characters.
COhihENT: (AI)

.

'
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OPERATOR INPUT AND CONTROL2.0 Entering Information2.1 Cursor Positioning and Control2.1.2
2.1.2.3 Automatic Cursor Placement

(Tier 2 Minimizing User Actions)
2.1.2.3 1 Consistent Cursor PlacementOn the initial appearance of a data entry display, the cursor should appear automatically at some

consistent and usefullocation.COhih!EtU: In a form.filhng display, the cursor should te placed in the fast t:ntry field.
(E)

2.1.2.3 2 Consistent IIOME Position
(Tier 2 . General)

When these is a predefmed HOME position for the cursor, that position should be consistently
defined on all displays of a given type.COhthiENT: The llOhiE position of the cursor should also be consistent in the different * windows * or sections of

.

h f t field in
a parutioned disphy. For example. HOME might te in the upper left comer of a text display, or at t e irs(A.C.E)
a form ft!hng dtsplay or at the center of a graphic display.

(Tier 2 General)
Automatic Cursor Placement for Menus

On separate menu displays, when menu selection is by pointing, the system should place thecursor automatically at the first listed option. When menu selection is by code entry, the cursor
2.1.2.33

should te automatically placed in the command entry area.
COMhENT: When menu selection is by code enny, for some applications it may increase the efficiency of
sequence control if a null entry is recograted as a default to the first dispbyed option (assuming that the first opuon
is the most likely choice). (E)

Cursor Placement for Pointing at Options (Tier 2 General)

When users will select among displayed options by pointing, the cursor should be placed on tk-2.1.2.3-4

first (most likely) option at display generatiort.
COhiMEtTT: (E)

2.1.2.35 Automatic Return of Cursor (Tier 3
Design Details)

When the user is required to trturn to the origin or other specific screen location automatic retum of
the cursor should be provided.
COMMENT: (D)

2.1.2.3 6 Cursor Placement Following Error (Tier 3
Design Details)

In addition to providing an error message, the location of a deiected error should be marked by
positioning the cutsor at that point on the display, Le., at that data field or command word-COMMENT: D2 splaying the cursor at a non-routine position will help emphasite that an ermt has occurred, and
direct the user's anention to the faulty entry. (E)
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OPERATOR INPUT AND CONTROL
!

2.0 Entering Information2.1 Cursor Positioning and Control2.1.2
2.1.2.4 Cursor Control and Data Entry

,

'

Easy Cursor Movement to Data Fields (Tier 2 . Minimizing User
2.1.2.4 1

If a cursor must be positioned seguentially in predefined areas, such as displayed data entry fields,Actions)

this should be accomplished by simple user action. Automatic cursor advance is generaDy not destrable. Programmable tab keys are customar y usil ed for

COMMENT:
this purpose, (AE)

2.1.2.42 Explicit Activation (Tier 2 . General)
Users should be required to take a separate, explicit action, distinct from cursor positioning, for the
actual entry (enabling, activation) of a designated position.
COMMENT: For line drawing or tracking tasks the need for rapid continuous entry may override the need to reduce
entry errors. (C.E)

2.1.2.43 Display Format Protection (Tier 2 General)

When there are areas of a display in which data entries cannot be made (blank spaces, protectedfield labels, etc.), those areas should be insensitive to pointing actions,i.e., the cursor should be
prevented from entering those areas. Automatic formar protection will generally make cursor positioning easier for a user, since the cursor
COMMENT: li h d ith only
will not have to be stepped through blank areas, and mu:h routine cursor control can be accomp s e w
casual reference to the display, When a user may have to modify display formats, then this automad; fonnat

(A.E)
protection can be provided as a general default option subject to user ovenide.

2.1.2.44 Cursor Movement (Tier 3 . Design Details)
Users should not have to frequently alter hand positions between a pointing device (such a
joystick) to position cursors and the keyboard to edit or add text.
COMMEhT: (AI)

2.1.2.45 Free Cursor Movement (Tier 3
Design Details)

For text editing, users should be allowed to move the cursor freely over a displayed page of text to
specify items for change, and to make changes directly to the text.
COMMENT: "ree cursor movement and changes ma& decetly to the text are characteristics usually associated with
sxalled screen based editors and not swi*d with line- or command-based editors. Screen-based edstors are(E)prefened by users and are potentially more efficier.t.

2.1.2.46 Proportional Spacing (Tier 3 Design Details)

If proportional spacing is used for displayed text, computer logic should make necessary
adjustments automatically when the cursor is being positioned for data entry or data change. COMMENT: Without automatic computer aids, a user probably will not handle proponional spa:ing accurately.
(E)

2.1.2.4 7 Cursor Movement by Units of Text (Tier 3
Design Details)

Users should be able to move the cursor by specific units of text, as well as one character at a time.

COMMENT: Cursor positioning will be easier if aprvrinte function keys can be pmvided. A SEMENCE keyd bl k i
that allows a user to move directly to the next displayed :entence will be more convenient than some ou e- ey ng
logic such as CONTROL.S. (E)

2.1.2.48 Tabbing within Rows (Tier 3 Design Details)

During tabular data entry, users should be allowed to tab directly from one data field to the next, so
that the cursor can move freely back and forth within a row (i.e., across columns).
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\ COMMEhi: 0

2.1.2.49 Tabbing within Columns (Tier 3
Design Details)

During tabular data entry, users should be allowed to tab dincdy from one data field to the next, so
that the cursor can move freely up knd down a colurrm.
COMMENT: (E) (Tier 3 - Design

Data Entry Independent of Cursor Placement2.1.2.4 10

An ENTER action for multiple data items should results in entry of all items, regardless of whereDetails)

the cursor is placed on the display.COMMD*T: A user may choose to move the cursor tack to concet earlier data items, and may not move the cursor(E)
iorward again. The computer should ignore cursor placement in such cases.

.

01
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OPERATOR INPUT AND CONTROL2.0
Entering Information2.1 Cursor Positioning and Control2.1.2

2.1.2.5 Use of Multiple Cursors
(Tier 2 Task Compatibility)

2.1.2.5 1 Minimal Use of Multiple Cursors
Multiple cursors on a single display should be used only when they are justified by task
COhihEN7: Multiple cursors may confuse a user, and so require special consideradon if psed in USI design.requirements.

Multiple cursors might be useful to mait a user's pla:e when manipuladng data in muldple display windows, in
Fmphi: intera don, one cursor might be used for line drawing and a different cursor for alphanumeric data entry
(labels etc.). (AI)

(Tier 2
Multi Monitor / Multi Controller Cursor Characteristics2.1.2.52

In a multitasking envimnment with multiple monitors, controllers, or cursors, the location of theGeneral)

active cursor should be obvious to the user.
COhihEh7: If there are two pointing cursors - one on exh of two monitors - the active cursor should beapparent to the user. If there is a single cursor that moves between two monitors. Its path should be continuous yl

ii % coordmate for

trackable. As the cursor crosses from one monitor to the other it should either mainta n ts venside by side monitors and horizontal for stacked mordtors or should jump between uniquely specified locadons on
each screen. (D)

2.1.2.53 Distinctive Multiple Cursors (Tier 2 - General)
If multiple cursors are used, they should be visually distinctive from one another.
COMhENT: (AI)

2.1.2.54 Compatible Control of Multiple Cursors (Tier 2 - General)
If multiple cursors are controlled by different devices, their separate controls should be compatible

Assume that one cursor is moved trpward on a display by forward motion of a joystick Then ain operanon.

second cursor should also be moved upward by forward motion - pedtaps by forward modon of a second joystick orCOhihENT:

(AI)by forward monon of a thumbwheel or other device.

2.1.2.5 5 Distinctive Control of Multiple Cursors (Tier 2
General)

If multiple cursors are controlled by a single device, a clear signal should be provided to the user to
indicate which cursor is currently under control.
COhihEh7; (AI)
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OPEl(ATOlt INPUT AND CONTi(01,2.0
2.1 Entering Information
2.1.3 Text Entry and Editing
2.1.3.1 General

2.1.3.1 1 Necessary Data Displayed (Tier 2
Task Compatibility)

Whatever infomution a user needs for text entry / editing should te available for display, as an
dd

COhihDT: kequired annotauon wiu vary with the appbcanon. Some annotauon may te so commonly nee eannotation to displayed text.
i di i of controlmode(if any),

that it should be conunuously dtsplayed - e.g., document name, page number, n cat onetc. Other annotanon might be displayed only at itser request- su:h as document status (date ast c angl h ed,last
hich might te

panted. et:.) which might te displayed in an optional window overlay, and format control charn:ters wFor example, the user might wish to see format control characters, such as
vmble tn an opuonal display mode.
tab and margm setungs. ( A.E)

2.1.3.1 2 Adequate Display Capacity (Tier 2 . General)
Display capacity,i.e., number of lines and line length, should be adequate to support efficient
performance of text entry / editing tasks.COhihD7: For example, for text cdting where the page format of subsequent pnnted output is entical,the user'sh ih quire a display capacity of

ternunal should be able to dtsplay full pages of text in final output form, whic m g t re5040 hnes or more. For general text eating where a user might need to make large changes in text,i.e., somet mes
i

di ill
movtng paragraphs and sections, a display capacity of at least 20 lines should be provided. Where text e it ng wbe

be hmned to local changes,i.e., correcung typos and minor rewordmp, as iew as seven itnes of text mightdisplayed. A single line of displayed text should not be used for text editing. Dunng text editing, a user wiU need tod ll portion of
see some displayed context in order to locate and change vanous text entries. Displaying or y a smather pans, will
text will make a user spend more time moving forward and back in a displayed document to see o(A,E)
increase load on the user's memory, and will cause users to make more errors.

2.1.3.1 3 Control Entries Distinct from Text (Tier 2 - General)If control entries are made by keying onto the display, such as by keyed menu selections or

commands, they should be distinguishable from displayed text.COhthiENT: For eaample, keyed control entries might be made only in a reserved window in the display |l'he intentIf a command entry is
here is to help ensure that a usa will not inadvertently enter controls as text, or vice versa.
keyed into the body of a text display, perhaps at the end of the last sentence, then a user cannot be cenain whetherli i heat the screen

the computer will interpret the command as a text entry or as a control entry. In app cat ons wcannot display all possible format features (e.g..special fonts), format codes representing those features are usually
displayed within the text. It is not pia:tical in such cases to display fonnat codes in a separate window, since a
displayed code must mart the text that will te affected by the code, These codes should therefore be highlighted inOne way of avoiding the problem altogether is to use function keys

some way to disurguish them from text.rather than command entry to control text edsting. To provide a Eeneral range of text editing functions, however,
many keys will be needed. A practical design approach mightle to adopt double-keying logic for allkeys on a
standard (QWERTY) keyboard, where control.F means FILE a document, conuol G means GET a document, etc.,

(A.E)
and povidmg appropnate extra labels for those keys.

2.1.3.1 -4 Text Distinct from Annotation (Tier 2 . General)
Annotations to displayed text should be distingtushable from the text itself,
COhihDT: This recommendation refers to text announions aMed by users, such as truttginal notes on punted

displays. Other annouuion such as format contml characters might be shown in a special display mode where texthas been expanded to permit annotation between lines. For example, continuous atmotation rnight be dispityed ini i ht be dtsplayed
the top and/or bottom lines of a page, separated from the text by blank lines; optiorial anstat on m g
in window overlays. (A.E)

2.1.3.15 Natural Units of Text (Tier 3 . Design Details)
Users should be allowed to specify segments of textin whatever units are natural for entry / editing.
COhthD7: For unf maaned (* free *) text, natural units will be charactas, wtrds, phrases, senten:es, paragmphs,
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i6 auon of other logical uruts,

and pares; for yetially f ormatted lett. su:h as computer program hstings, allow spec(AI)
tncludmg imes, subsections, secuans, et:.

Text Displa3ed as Printed (Tier 3
Design Details)

Users should te allowed to display text exactly as it will be pnnted. Accurate display is paru:ularly necessary when the f ormat of pnnted output is imponant. as w
2.1.3.16 hen

f s that are provided in

pnnung letters. tables, etc. Ideally, text displays should te able to represent all the eatureCOhihiENT: pung, special symtols,

pnnted output. including upper and lower case, underiming, bolding, subsenpung, supersend l capabibty should te

and ddlerent nyles and sues of type. When those f eatures are important the necessary isp ayFor gecial fonnatung features that are not frequently used,it may be sufG:ient to use extra symtols toh h annotation does not

note test featttres that cannot te directly displayed in that case, care should be taken t at su: disturb the spa:ing of displayed text. This may require two display modes, one to show text spacing asA corollary to tius recommendation is that changes made to
prtmded. it will be

d nent h:J
panted and the other to show annotations to the text.displayed tett should appear as a user males them. Some hne based editors show changes only af ter a oeur(AI)
teen filed and later recalled for display, which does not represent good user interf ace design,

2.1.3.17 Format Control by User (Tier 3
Design Details)

Easy means for users to specify required format control features should be provided during text
entry / editing, e.g., to specify margin nd tab settings. The intent of this guidehne is that

COhiMEST: Required format features will vary depending on the applicanon.ided but are optional for the

all required format f catures should te easy to contml. Any format fcanzres whi:h are pmvOne convenierst rnethod of
user's tasi: should not be made easy to use at the etpense of required format features.l * tha! extends the width of*

marg n and tab control ts to users should be allowed to mart scumgs on a displayed ru er(A.E)
a page and 15 conur.uously displayed at the top of the screen.

(Tier 3 - Design Details)
2.1.3.18 Establishing Predefined FormatsWhen text formats must follow predefined standards, the standard format should be previded
automatically and not rely on users to remember and specify proper formats.COhihiEN7; For example, standard formats night le required for letters, memos, or othe transnvnW messages.
(AI)

(Tier 3 Design Details)
2.1.3.1 -9 Storing User Defined Formats
When text formats cannot be predicted in advance, users should be able to specify and store for
future use the formats that might be needed for particular applications.COMMEN7; For example, a special format might be adopted for generating a particular report at periodic interva s.

l*

(AI)
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OPEl(ATOlt INPUT AND CONTROL2.0
2.1 Entering Information
2.1.3 Text Entry and Editing
2.1.3.2 Text Entry

2.1.3.2 1 Editing Capabilities During Text Entry (Tier 2
General)

Users should be allowed to do at least some simple editing during text enuy without having to
invoke a separate edit mode.
COMMErfi: For example, while entering text. users wiu need at least some capabihty fcr text selection (t,y cursor
movement) and deleuan. The intent of this guideline is not to endorse modeless over moded text editors. In f act,ddd
when expenenced users perform eating tads,a mcded e& tor may offer some advantages. However if a mo e e itor
is provided, users should be able to do Mme simple ed ting such as correcting typopmphical errors and making
simple word changes without having to invoke that estar. When users will compose text on.hne, considerproviding a mcdeless e& tor rather than a moded ednor. Modeless cettrs offer some advantages for text compos uon,

(A.E)
when users will frequently altemale between text entry and editing.

2.1.3.2 2 Consistent Word Spacing (Tier 3 . Design Details)
Urdess otherwise specified by the user, entered text should be left justified to maintain constant
spacing between words, leaving right margins ragged if that is the result.

~ COMMENT: ( A.E)

2.1.3.2 3 Ilyphenation by Users (Tier 5 . Design Details)
In the entry / editing of text, automatic pagination and line breaks by the computer should keep
words intact, and hyphenation should only be introduced where specified by users.
COMMEhi: Where compound words have been hyphenated by a user, the computer might treak the compound
af ter a hyphen, for pagination or hne treaks, unless otherwise specified by the user. Compound words formed with

(A.E)slashes (e.g., * entry /c& ting *) might be treated in a simUar manner.

2.1.3.24 Auditory Signals for Alerting Users (Tier 3 . Design Details)
During text entry / editing, an auditory signal should be provided whenever it is necessary to draw a
user's attention to the display.

A touch typist entering text from written copy will often not be looking at the display screen, and
therefore may not notice visualindicators of errors cr mode changes unless they are accompanied by auditory signals.
COMhEtIT:

(A.E)

I
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OPERATOR INPUT AND CONTROL2,0
2.1 Entering Information
2.1.3 Text Entry and Editing
2.1.3.3 Editing Text

2.1.3.3 1 Editing by Multiple Methods (Tier 1. Use)
The user should be able to edit text, tables, and graphics by multiple methods.d keystroke 4

COhihn:.NT: Ed. ting by multiple methods includes use of editing commands, menus, and commanAll editing procedures should te consistent in the &alogue stru:ture and syntax, independent of the type o
f

in!ormation being edned. (D)

2.1.33 2 Reversible Actions (Tier 2 . Gene al)
Text editing logic should be designed so that any user ction is immediately reversible.COhihiENT: Reversible a:tions are panicularly imponant in a text editing environment because text lannatt ngi

i If users know that they can

of ten involves experimentation with features su:h as underscoring, bolding, and spac ng.f An UNDO

reverse whatever they do, they will feel more free to dekte text and expenment with formaning eatures.bilityis provided

capabibly is cunendy available in some interface designs. In some applications, however, this capal i For text ed ting, users

through the use of an UNDO key which can only reverse the most recent contro a:t on.if controlactions
must be able to reverse su:h formaning features as centering and bolding at any time, Therefore,d rhaps

are to be made reversib' = sn UNDO action thould be able to reve:se more than the most recent comman ,pef h f mat
by requinn; the user to specify whi:h command to undo, and/or to place the cursor at the location o t e orfl h

ieature that is to be reversed. As an emnple,if a user centers a hea.iing and then decides it would look bener usii l

against the left marrin, an UNDO action should reverse the centering and move the heading back to its or g na
location. Another example: if a user underlines a paragraph of text and then decides it should be in all capitallettersinstead, an UNDO action should reverse the underlining. The user should not be required to delete the paragraph andi
retype it just to erase the underscoring. When text segments have teen deleted,it should be possible to retr eve morei Deleted text which
than the most recent deletion. Somc systems do this by storing tll ddetions in a speual n e.i esently

the user wishes to ter.rieve can then te moved from the deletion file to the file inhich the user s pr
working. (A.E)

2.1333 Editing Commands (Tier 2 General)
Where editing conunands are made by keying onto the display, the editing commands should be
readily distinguishable from the displayed textual material.
COhtMENT* (D)

2.1334 Presentation Mode (Tier 2 General)

Display mode rather than line mode should be used for text editing when the escr's task requires
extensive text entry / editing,

COhiMENT: (D)

Confirming Actions in DELETE Mode (Tier 2. General)
If a DELETE mode is used, any text specified by a user should be highlighted for deletion and the2.1.3.3 5

user should be rM1uired to confirm the DELETE action before the computer will process it.
COMMENT: Requiring a user to confhv.i actions in DELETE mode is ranicularly impcrtant when the controlentries for cursor positioning (e.g., WORD. SENTENCE, PARAGRAPH. PAGE) sa : Iso used to specify text orf

deletion, which is often the case. Users will associate the specification of text tutits pnmarily with cursor
positioning, which is the most frequent action in text editing. In a DELETE mode, after specifying text urtits for
deleuon, a user may press a PARAGRAPH key intending to move to the next paragraph but accidentally delete thenext paragraph. Confirmation of DELETE actions will terd to prevent such erttns. An alternative appmach to th si

problem is not to provi6 a continuing DELETE mode, but instea$ require double keying to secomplish deletions.
in a DELETE mode.a user might press a DELE 7E key followed by unlimited repetitions of a WORD key (or keysspecifying other units of text). With double keying,the user would have to press DELETE before each selection of
a text unit to be deleted. (A.E)

2.1.3.3 6 Undoing Deletions (Tier 2 . General)
Page 17 |
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Deleted data should be stored by the system to allow the user to undo the deletion and restore the
(D)

CONSENT: We user should te able to restore the deleted text by a single a: tion.deleted text.

2.1.3.3-7 Selecting Data for Editing (Tier 3
Design Details)

Users should be able to select textual, graphical, and tabular information for specific editing
functions by multiple methods, each requiring minimal simple actions to perform the selection.
COhSEh7: Multiple methods are, forexample, whb a cursor control device, step keys, and menu selection.
(D)

(Tier 3 Design Details)
2.1.33-8 Highlighting Selected Information
' ited infortration should be visually distinct from non-selected items.
d hSiEh7: (D)

(Tier 3 Design Details)
Minimum Amount of Selectable DataTne mmimum amount of alphanumeric data that users should be able to select is one character.2.1339

COhBEh7: (D)

2.1.3.3 10 Unselecting Information (Tier 3 - Design Details)
Users should be able to unselect textual, tabular, or graphical information (i.e., remove the
infonnation from the selected state) with a single action. (D)
COhSENT: Unselection should remove the perceptual cue indi .dng selection.

Vertical Scrolling When Selecting Text (Twi 3 - Design Details)
If the selected text, table, or graphics area extends beyond the bottom of the displayed page, the2.1.3.3 11

screen should automatically scroll until the user stops selecting,
cOhBEh7: (D)

2.1.33 12 Non Contiguous Blocks of Text (Tier 3 - Design Details)
Users should not be able to select non-contiguous blocks of text when cutting and pasting.
COhSEhi: Cutting and pasung (operations which frequently follow selecting)is ambiguous with non-contiguous
blocks, espectally with respect to the spazial relation between the two non-contiguous blocks when they are pasted
into a text file at a new location or into a new text file, (D)

s

2.1.3.3 13 hon Contiguous Graphic Objects (Tier 3 - Design Detalis)
U sers should be able to select multiple non-contiguous graphic objects using mmtmal actions.
COhSEh7: Operations available for individual graphic objeen should also be available for multiple selected
objects. (D)

2.1.3 3-14 Inserting Text (Tier 3 - Design Details)
The text editor should operate in a consistent default mode.
COhSENT: For example, text could be always be inse ted moving to the right from the cursor locanor, and wrapd (D)
to the next line when necessary (insert mode), or alremately, the editor could operate in oversmke mo e.

Replacing Text (Tier 3 - Design Details)2.1.3.3 15

If text is selected, the ertitor should be in the overstrike mode.COhBENT: Alphanumeric chancters typed following selection of a string of characters should replace the selected
text. (D)

Changing Physical Characteristics of Text (Tier 3 - Design Details)2.133-16
The user should have the ability to change the physical characteristics of text.
CONSENT: Example physical charactertsues to put tmder the usets controlinclude font type, size. and
capinhnnon; the ability to change the font style (e.g., by underlining, italicizing, and/or bolding characters or(D)
smngs of characters), andhr to alter tab position in any pan of a text file.

{
2.1.3 3-17 Tabs (Tier 3 - Design Details) |

Page 18
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A tab system should be available for paragraph indentation and moving the cursor to a preselected
i id d

COhihEST: The user shculd be able to set tabs at locations rcross a dispity, consistent with the spac ng prov eloration. h ld

by the space bar. The syretols indicating the location of tabs should be invisible to the user by defauh but s oud l
become visible with a single action by the user (for example, by making a screen ruler appear on the isp ay or

(D)
displaying the tab symbols within the text field).

2.1.3.3 18 Margins (Tier 3 Design Details)

The user should have the ability to change margins for a text file.CONSEh7: his capability should in:lude changing margins so that the user cannot view all of the chara:ters n
i

i l t f a 14 x 17 page.
the horizontal line. Rationale: Users may need to have a double page size for the equ va en o
(D)

2,1.3.3 19 Tab Controls (Tier 3 - Design Details) g
For editing programs or tabular data, cursor tab controls or other provisions for establishing mdg
moving readily from field to field should be provided. d$m',e ?-wt

COMMENT: (D) %d
2.1.3.3 20 Automatic Line Break (Tier 3

Design Details) 1K

For entry / editing of unformatted text, an automati:line break (" carriage retum") should be
provided when text reaches the right margin, with provision for user override,COhihEh7: For specially formaned text, such as computer program listings, users may need to contml tineM

,

q]
d

structure themscives and hence need to override any automati: line break. Even wh?n entering unformatte text, aT
(AI) f

user will sometimes wish to specify a new line at some parucular point,if only for esthetic reasons.

2.1.3.3 21 Automatic Pagination Aids (Tier 3 - Design Details)
Automstic pagination for text entry / editing should be provided, allowing users to specify the page

(AI)
COhSENT: For short iocuments, automatic pagination may not be needed.
site,,

2.1.3.3-22 Pagination (Tier 3 - Design Details)
If automatic repagination is not provided, a warning message snould be presented to the user,
COhthENT: (AI)

2.1.3.3 23 User Control of Pagination (Tier 3 - Design Details)
When automatic pagination is provided, users should be allowed to override that pagination in

order to specify page numbers at any point in a document.COMhES7: When p Mucing a large document, a user may wish to split it into several separate text files forl
convenience in editing, and hence need to control the page numbering of those component sections. In genera , a
user will want flexibility in assembling different computer files to create a composite document. For example, af
user might wish to number the first page of a document *23* or perhaps skip apage number in the middle o a-

document. (AI)

2.1.3.3-24 Controlling Integrity of Text Units (Tier 3 - Design Details)
When automatic pagination is provided, users should be allowed to specify how many lines in a
paragraph can stand alone at the bottom or top of a page (" widows" and " orphans"), and to specify
any text that should not be divided between two paces, such aslists or tables.
COMMEh7: (AI)

2.1.3.3-25 Protecting Text During Page Overruns (Tier 3 - Design Details)
When a user is inserung text into a document that has already been paginated, no text should be
lost if the user inserts more text than a page can hold.
COMhENT: It is difficuh for a user to keep track of page size, paniculatly if the size of the displPy screen is lesshas
than the full page speci5ed for printed text which is often the case, A user will often not know when more text
been inserted into apage than there is room for. He computer should accommodate text insertions with automatic
repagtnation (AI)
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2,1.3.3 26 11ead.and Foot.of File (Tier 3 - Design Details) file.
The rneans should be provided to readily move the cursor to the head or the foot (end) of the
COMhENT: (D)

2.1.3.3 27 Ilorizontal Scrolling (Tier 3 Design Details)

The user should have the ability to shift the text information shown when the . e cannot view all
hi tal

of the characters in the horizontal line.COMhENT: This shift should be accomplished with a single action (e.g., by moving a scrollicon on a or zon
scroll bar). (D)

2.1.3.3 28 Display Window (Tier 3 Design Details)

ROLL and SCROLL commands should refer to the display window, not the text / data.COMhENT: TMt is, the display window should appear to the user to be an aperture moving over stationary text
*

*

k (D)

2.1.3.3 29 Buffer (Tier 3 - Design Details) ff
When insening characters, words or phrases, items to be inserted should be collected in a bu erMk

?$g area and displayed in the prescribed insert area of the screen for subsequent insenion by user*t
%y3 ' command.
@3@ COMMEhT: (D)9

Control Annotations (Tier 3 - Design Details)
Where special formatting features are indicated in the text by use of special codes or annotation, the2.1.3.3 30

insertion of the special annotation should not disturb the spacing of the displayed text and should
not disturb formatting of graphs and tables or alignment of rows and columns.
COMhENT: (D)

(Tier 3 - Design Details)
User Confirmation of Editing Changes

When a user signals completion of document editing, the user should be allowed to confirm that2.1.3.3 31

changes should be made to the original document, or else to choose abanative options.COhihENT: A user will generally wish to replace the original document with in edited version. However,hile saving

sometimes a user may decide that cdsting mistakes have been made, and wish to discard the new version wil i the original

the enginal. Or a user might wish to save the new version as a separate document,wh e sav nEunchanged. Such decisions can be made best at the end of an editing session, when the user knows whathas been _

l t in a copy

accomplished, rather than befort a session is begun. Dunng text editing, the computer should a ways re aof the original document until the user con 5rms that it should be changed.The original document should not eb

(A.E)
changed automatically as the user enters each editing change.

.

.
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OPERATOR INPUT AND CONTROL2,0
2.1 Entering Information
2.1.3 Text Entry and Editing
2.1.3.4 Finding and Replacing Text

2.1.3.41 String Search (Tier 1 Use)
Users should be allowed to specify a string of text and request the computer to advance (or back
up) the cursor automatically to the next (or last previous) occurrence of that string.An automati: string search capabibry whl generally speed cursor placement in comparison with)

incremental positioning,panicularly when moving over large portions of a document. Expert users may also wishCOhBET: h those for tabbing.
to incorporate special characters in string search, including iormat enntrol characte:s suc as
bolding, etc. (AI)

2.1.3.42 Global Search and Replace (Tier 1 - Use)
When systematic editing changes will be made throughout a long document, a " global search and
replace" capability should be ptovided.COhBE7: Global search and replace is where the system replaces all occurrences of one text string with another.r might vant the comput r to make all

-

Global search and replace could be designed in two different ways. Or h i h ld

changes automatically. Another user might want to review and confirm each change. Ideally, tnt opt ons s ou
be available. (AJ)

(Tier 2 General)
Upper and Lower Case Equivalent in Search

Unless otherwise specified by a user, upper and lower case leuers should be treated as equivalent2.1.3.4-3

COhBE7: For example,' STRING",' String", and ' string * should all be recogmzed/ accepted by the computer
in searching text.

distinction betwecn
when searching for that word. In searching for words, usas will generally be indifferent to anyfind
upper and lower case. The computer should not compel a distinction that users dc not care about and may
difficult to make. In situations when case actually is important, users should be allowed to specify case as aselectable option in stnng sesch, it may also be useful for the computer to ignore such other feantres as bolding,

(AE)underlining,psrentheses and quotes when serching text.

2.1.3.4-4 Specifying Case in Seareb (Tier 2 General)

When case is imponant. users should be allowed to specify case as a selectable option in string

COhSET: Users may also wish to specify features such as bolding, underlining, and quotes when searching text.For example, when scarthing a document in which all the headings are gialbed, a user might wish to ftnd a string
search.

only whenit appeats in a heading. (AR)

2.1.3.4 5 Case in Global Search and Replace (Tier 2 - General)
If a global search and replace capability is provided, r *ch time a string is replaced the case of the
new string should match the case of the old string, unless otherwise specified by the user,COhBO7: For example,if a wort!is replacing the first word in a sentence, the fustlener of the new word should
be capimim+ if it is replacmg a woni that is entinly in lower case, then the new word should also be in lower case.On occasion, however, a user might wish to place an erroneous lower. case won!("Ntt") with a correctly capitahzed,

vers;on ("NRC"). (AI)
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OPERATOR INPUT AND CONTROL
f Entering Information

2.0
2.1 Text Entry and Editing2.1.3
2.1.3.5 Cutting, Copying and Pasting Text

2.1.3.5 1 Moving Text (Tier 1 Use)
Users should be allowed to select and mcVe text segments from one place to another within a

A t.ser should not have to re-enter (i.e rekey) text that is already available to the computer. Onedocument. i hich
convenient method of allowing the user to both move and copy text is to provide a " cut and paste * facility n wCChBiEhi:

i h r can cut text,

the ' cut * text remains in a storage buffer and can be " pasted" more than once. For copy ng.t e use(A.E)
paste it back into its original location, and paste it again a: a new location.

(Tier 1 - Use) .

Pasting Text into a Graphical File and Vice Versa
The user should be able to paste (1) alphanumeric data cut or copied from a text file or table into a2.1.3.52

fraphical display and (2) graphical data into a text or tabular file.
COhnENT: (D)

2.13.5 3 Cutting Selected Data (Tier 2 - General)
Users should be able to cut only data that are currently selected.
COMhENT: (D)

2.1.3.5-4 Copying (Tier 2 General)
Only data that are crtrently selected should be copied.
COhnEST: (D)

(Tier 2 -
Cutting Grapical Objects and Areas of Graphical Displays2.13.5 5

General)Users should be able to cut both graphical objects and areas of a graphical display.
COhnENT: (D)

Viewing Copied Data (Tier 2 - General)2.1.3.5-6
Users should be able to view data after it has been copied prior to pastmg.

,

COhBEh7: (D)

2.1.3.5 7 Placing Cut Data in Compatible Data Files (Tier 2 - General)
Users should be able to insert copied data at any location in the current data file or other data files
created with the same application. One implementation that would allow
COhBEhT: Including in another file created using the same applicanon. (D)
users to accomplish this is the use of a ternporary editing buffer into which 6 e system would place cut data.

2.13.5 8 Placement of Pasted Data (Tier 2 - General)
The pasted data should be inserted in the text or table in the location immediately before the cursor
and in a graphical file at the approximate location of the cursor.At the end of the paste process. the cursor should have the same data following it in the text or table
COhSEh7:
as before the process. (D)

2.13.5-9 Viewing Cut Data (Tier 3 - Design Details)
Users should be able to view data after it has been cut prior to pasting the data.
COMhENT: (D)

2.1.3.5 10 Pasting the Same Data More than Unce (Tier 3 - Design Details)
Pasting the most recently cut or copied data should have no effect on a users' ability to paste the
same data again.
COMhEST: That is to say, the user should be able to paste the most recently cut or copied data as many times as
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(D)
The data tha! can be pasted is only replaced when new data are eta or copied.

he or she chooses.
(Tier 3 Design Details)

Cutting Without a Gap in the Text d ithout

The cut data should be removed from the text or tabular file which should be reconstitute w2.1.3.5 11

a gap where the text was removed. (D)
COMhENT: The cursor should remain in the same location as prior to the cut.

(Tier 3 - Design Details)
Cu;Fng with a Gap in the Graphics h e

A graphical file from which a graphical object was cut should be reconstituted to occupy t e sam2.1.3.5 12

amount of space as before the cut with a gap where the object was removed.
COhSEST: (D)

(Tier 3 Design Details)
2.1.3.5 13 Storing Frequently Used TextUsers should be allowed to label and store frequently used text segments, and later to recall (copy
into current text) stored segments identified by their assigned labels.COhBEST: For example, much text processing involves repetitive elements specific to different app cat o .

li i ns

(E)
such as signature blocks, technical terms. lon,q names, formulas or equations.

4

..
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OPERA''OR INPUT AND CONTROL2.0
2.1 Entering Information
2.1.3 Text Entry and Editing
2.1.3.6 Printing

2,1.3.61 Flexible Printing Options (Tier 2 General)

In printing text, users should be allowed to select among availaNe output formats (line spacing,i h ntire

margin size, etc.) and to specify the p "s of a document to be printed; do not requ re t at an e
document be printed. able to pdnt just those ponions of a document that have been changed,i t when
COMhtEh7: For example, a user shoul-

perhaps specifying just the first page.or page 17, or the last five pages, etc. This is particularly mponanlong do::uments will be edited. A user should not be required to print an entire 50-paFe document ust eca
-

j b use of a

change to one page. (A.E)

2.1.3.62 Remote Printing (Tier 2 General)
If information is printed remotely, print status messages should be displaye.d and screen contents
should not be changed as a result of the print operation.
COhSENT: (A)

Information on Printing Status (Tier 2 - General)2.1.3.63
The status of requests for printouts should be provided to users.COhBEST: For example, the computer should acknowledge print requests immediately, and migh: provide abi ) from the

subsequent message to indicate when a printout hae been completed if the printer is remou (unobserva cuser's workstanon. Also, if there is a queue of documents waiting for pdntout,a user should be a e to gebl t an

i local pnnter, the

estimate as to when a parucular document will be printed. If a user is responsible for operat ng acomputer might display messages to alert the user of potential tralfunctions, e.g.,if its paper supply is ca auste ,
h d if

the paper is not correctly loaded, etc.
(A,E)

-
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OPERATOP. 'NPUT AND CONTROL2.0
2.1 Entering Information
2.1,4 Form Entry

(Tier 2 Sequencing and Grouping)
2.1.4 1 Grouping Data FieldsWhere no source documents or forms exist to support data entry, then form data fields should be
logically grouped, by sequence and frequency of use, importance, and functional associations.
COhBEh7: (A)

2.1.4 2 Transforming Units of Measurement (Tier 2 - Memory Load)
The user should not have to transform units at time of data entry.
COhBENT: (A)

(Tier 2 - Minimizing
Keystroke Not Required fo. Every Character Space2.1.4 3

Users should not have to provide a keystroke for every character space reserved by the field.User Actions)

COhBENT: (A)

2.1.4-4 Combined Entry of Related Data (Tier 2 - General)
Just one explicit encry action at the end of the transaction sequence should be required, rather than
separate entry of each item.COhBEST: Depending on form design, this practice might involve entering the entire form, or entry by page orl f
section of a longer form. Form design should indicate to users just where explicit entry is required. Sing e entry o
grouped data will generally permit faster input than item-by-item entry. and should prove more accurate as well
This practice permits user reuew and possible data correction prior to entry, and also helps the user understand atd i b the
what point grouped data are processed,11 will also permit efficient cross validation of related ata tems y
computer. (A.E)

2.1.45 Optional Versus Required Entry (Tier 2 - General)
Optional versus required data entries within fields on input forms should be distinct.
COhBENT: (A)

2.1.4-6 Data Field Labels (Tier 2 - General)For each data field, an associated label should be displayed to help users understand what entries
can be made.
COhBENT: (E)

2.1.4 7 Minimal Use of Delimiters (Tier 2 - General)Whenever possible, entry of multiple data items should be allowed without keying special
separator or delimiter characters. This can be accomplished either by keying into predefined
COhBEST: For examples hyphens. dollar signs, etc.

entry fields or by separing sequentially keyed items with blank spaces. In this context, tabbing from field to fieldis not considered to be keying a special delimiter character. When data items contain intemal blanks. the entry fields
(A E)

with a predefined structure should be designed so that users will not have to key any intemal delimiters.

2.1.4-8 Standard Delimiter Character (Tier 2 - General)When a field delimiter must be used for data entry, a standard character should be employed
consistently for that purpose.
COhBEhT: A special delimiter character that does not require shift keying should be use4. A character that does
not occur as pan of any data entry (except possibly for en ry of runnmg text where its a:currence would not be

(A.E)ambiguous) should be used; for example, a slash (/) may be a good choice.

2.1.49 Flexible Interrupt (Tier 2 - General)
When multiple data items are entered as a single transaction, as in form filling, the user should be
allowed to REVIEW, CANCEL, or BACKUP and change any item before taking a final ENTER
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action.
COMMENT: (A.E)

(Tier 3 - Design Details)
2.1.410 Variable Length Data AreaUsers should not have to remove unused underscores or otherwise enter keystrokes for each
position within a variable length entry area.
COhmiENT: (A)

Variable Length Field Entries (Tier 3
Design Details)

For variable length field entries, automatic justification of the input data should be provided.2.1.4 11

COMMENT: (A) (Tier 3 -
Left Justification of Alphanumeric Display Requirements

2.1.4 12

Unless oth,.rwise required by processing or display requirements, alphanumeric input should beDesign Details) '

d

left justified, and numeric input should be right justified for integer data or decimal point justifie
for decimal data.
COMMENT: (A) .

(Tier 3 - Design Details)
Direct Pointing Devices for Selecting Fields

In complicated forms with many fields, or when field entry will be less predictable (as in data base2.1.4 13 i
update), direct pointing devices, such as mouse or lightpen, should be available for select ng
fields.
COMMENT: (A)

(Tier 3 - Design Details)
Tabbing to Advance to Subsequent Fields

Where the number of fields is limited, screen traversal distances are shon, and when data fields2.1.4 14
b t

will be accessed sequeritially, explicit tabbing should be available for advancing to su sequen
fields.
COMMENT: (A)

(Tier 3 Design Details)
2.1.4 15 Overwriting Characters
Data entry by overwriting a set of characters within a field should be avoided.
COMMENT: (A)

2.1.4 16 Deferring Inputting Data (Tier 3 - Design Details)

When entry of data in a field is deferred or omitted, the system should identify the field byhighlighting or other means. Before the data are filed or accessed the user should be remmded that
data have not been input.
COMMENT: (A)

4
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OPERATOR INPUT AND CONTROL2,0
2.1 Entering Information
2,1.5 Tabular Data Entry

2.L5 1 Use of Tabular Displays (Tier 1 Use)

When sets of data items must be entered sequentially,in a repetiuve series, a tabular display format
should be provided where data sets can be keyed row by row. TO

COhBENT: Row by-row entry facihtates companson of related data items, and permits potential use of a DITkey for easy duplication of repeated entries. When the items in each data set exceed the capacity of a s ng e row,i l

i l olling. (AE)
tabular entry will usually not be desirable, unless there is a simple means for hor zonta scr

2.1.5 2 Distinctive Label Formats (Tier 2 - General)Distinctive fomtats should be provided for column headers and row labels, so that users can
distinguish them from data entries.
COhBENT: (E)

Automatic Justification of Entries (Tier 2 - Ger eral)Automatic justification of tabular data entries should be provided; a user should not have to enter2.1.53

blanks or other extraneous formatting characters to achieve proper justification.As a negative example,if a user enters *56" in a field four characters long, the system should not
COhBEhT:
interpret "56 .__* as *S600'. (A.E)

2.1.5-4 Significance of Numeric Values (Tier 3 - Design Details)
Numeric values should be displayed to level of significance required of the data regardless of the
value ofindividualinput data.
COhBEST: (A)

2.1.5-5 Maintaining Significant Zeros (Tier 3 - Design Details)
When a user must enter numeric values that will later be displayed, all significant zeros should be
maintained ; zeros should not be arbitrarily removed after a decunal point if they affect the meanmg
of the number in terms of significant digits.

COhBEh7: (AR)

2.1.5-6 Aiding Entry of Duplicative Data (Tier 3 - Design Details)
For entry of tabular data, when entries are frequently repeated, users should be provid-J vdth
some easy means to copy duplicated data.COhBENT: For example, a DITTO capability will speed data entry, and should prove more accurate than
requiring users to rekey duplicated d.ua. (E)

2.1.5-7 Row Scanning Cues (Tier 3 - Design Details)
For long tables, those with many rows, some extra visual cur should be provided to help a user
scan a row accurately across columns.
COhBENT: Visual aids for scanning rows are probably needed more when a user is reviewing and changing
displayed data than for initial data entry. Such aids should be provided conststently,however, so that display formats
for both data entry and teview will be compatible. For example, a blariline might be inserted after every fifth row;
or perhaps dots between columns in every fifth row might suffice. As an alternative, a displayed ruler which a user
can move from one now to another may be used. (E)
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OPERATOR INPUT AND CONTROL2.0

2.1 Entering Information
2.1.6 Speech Input

2.1.6 1 Speech Input (Tier 1 - Use)
Spoken data input should be provided only when data entry cannot be accomplished through more
reliable methods such as keyed entry or pointing.Cunent speech recognidon devices are not well developed and tend to be ermt prone. Thus therehinput
should be some good reason for choosing speech input over more conventional data entry methods. SpeecCOhBIENT:

(E)
might be appmpriate if a user cannot use his/her handsfor some reason.

2.1.62 Limited Vocabulary for Speech Input (Tier 2 - Minimizing User Actions)
The vocabulary used for spoken data entry should be constructed so that only a few options are

'

needed for any transaction.COhSIENT: To increase the likelihood that a user's valid entries are correctly identified by the system, the user'sll h h

vocabulary should be predictable. This does not necessarily mean that the vocabulary must be sma , t oug
recognition systems Aat can only accommodate small vocabularies are more prevalent and less expensive. Aill be more
vocabular) is predictable when a user's choice of inputs at any given time is small, so that the system w

(E)
likely to make a contet match in interpreting an entry.

2.1.6 3 Input Feedback (Tier 2 - Feedback)
Input feedback and simple error correction procedures should be provided for speech input.
COhofENT: (A)

2.1.6-4 Easy Error Correction for Speech Input (Tier 2 - Error Handling)
Feedback and simple error correction procedures should be provided for speech input, so that
when a spoken entry has not been correctly recognized by the computer, the user can cancel that

entry and speak again.COhSIENT: Simple error correction is particularly imponant with spoken data entry, since speech recognition
(E)systems are prone to error except under carefully controlled conditions.

2.1.6 5 Alternative Entries for Speech Input (Tier 2 - General)

When speech input is the only fotm o# data entry available, alternatives forms for critical entriesshould be allowed, so that if the system cannot recognize an entry after repeated attempts, another
entry form can be substituted.COhBM: Because speech recognition rptems are affected by normal vanadons in a user's voice. and by changes
in the acousti': envimnment, a spoken entry that was accepted psterday might not be accepted today. Thus for

imponant entries a user should be able to use an alu:rnative woni. Spelling a word leuer by lener is not anacceptable alternative, since speech recognition systemt may have trouble conectly identifying smular sounding
(E)

letters. For example, " Exit" might be defined as an acceptable substitute for "Fuushed".

2.1.6-6 Non Speech Activation (Tier 2 - General)
Speech recognition systems should have an extemal, non-speech means of activation and
deactivation so that extmneous conversation is not taken as command input.
COhBIENT: Additionally,if possible, a standby mode may be provided from which spoken commands to
activme/ deactivate may be invoked. External, non speech means of activation and deactivation can include use of a
keyboard. (D)

2.1.6 7 Vocabulary Items (Tier 2 - General)
The vocabulary items should (1) consist of words that are meaningful and familiar to the user; (2)
be accoustically unique within a set; and (3) consist of 2-5 syllables. (D)
COhiMENT: Items of 2-5 syllables in length are generally betu:r tecogtuzed than one-syllable items.

Phonetically Distinct Vocabulary for Speech Input (Tier 2 - General)
'Ihe spoken entries needed for any transaction should be phonetically distinct from one another.
2.1.6 8

1
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CONSEh7: Words which are easily distinguished by one speech recognition system may be confused y ano e .
E)

(Tier 2 - General)
PAUSE and CONTINUE Options for Speech Input

PAUSE and CONTINUE options should be provided for speech input, so that a user can stop2.1.69
or to speak with a

speaking without having to log off the system.COhBEhT: A user may wish to stop speaking data for a time in order to answer a telephor. that is not
.

fellow worker. Users should not have to log off the system every time they wish to say sonica "
intended as an entry. (E)

User-Adjustable Rejection Levels (Tier 3 - Design Details)
The speech amplitude and rejection levels required for input should be u. er adjustable.2.1.6 10 s

COhnENT: (D)

2.1.6-11 Word floundaries (Tier 3
Design Details)

Where word boundaries (pauses between words) are required for system interpretation, boundaries
of 100 milleseconds or more should be allowed by the system.
COhBEh7; (A)

2.1.6-12 Confidence Rating (Tier 3 - Design Details)
A consistent scale and/or the associated confidence rating which symbolize the similarity of each
spoken command to the recorded template should be available to the user.
COhBEhT: (D)

2.1.6 13 Vocabulary Sets (Tier 3 - Design Details) d

Application vocabularies shotud be divided into sets based on the hierarchy of the application an
recognition accuracy requirements.COhBENT: This improves recognition by reducing the number of choices that the recognizer has to consider to
return the correct item. (D)

(Tier 3
Testing the Recognition of Individual Vocabulary Items2.1.6 14

The user should be able to test the recognition of any individual vocabulary item without the entireDesign Details)

interactive system being on-line. Feedback on the word recognized and the corresponding
confidence score should be available immediately afer each use of a word.
COhmmh7: (D)

2.1.6 15 Speaker-Dependent Voice Recognizer (Tier 3 - Design Details)
If an application functions with a speaker-dependent voice recogmzer, the user should be able to
retrain or update any or all vocabulary templates at any time.

COhBEhT: A user's voice changes over time, eten la the course of an hour of continous use. Several facto: shave the ability to alter the vo!:e tempmarily. To maintain good performance under th-se conditions, the user must
have the ability to modify the template set. (D)
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OPERATOR INPUT AND CONTROL2.0 Entering Information2,1
Graphics Eniry and Editing2.1.7

2.1.7.1 General

2.1.7,11 Pointing (Tier 2 - General) h ld
When graphic data entry involves frequent pointing on a display surface, the user interface s oud by

be designed so that actions foi display control and sequence control are also accomplishe
pointing,in order to minimize shifts from one entry device to another.l nts

COMhh7: For example,in draing a flow chart, a user should be able to link predecessor and ruccessor e emeThis

directly by pointing at them, or by drawing hnes between them, rather than by separately keyed entnes.to permit direct selecdon of datahi d l

recommendauon tmphes extensive use of menus in the margins of a grap c isp ayattributes and control options by pointing. If screen capacity is too hmited to permit stmu an
lt eous display of kith

i f windows on dispbyed

Fraphe data and menus,then the designer might p; ovide temporary superposit on o menuControl entry via

data, or miF t provide some separate display device to show current opuons for control entry.t device, such

Leyboard and/or fun:6on keys will te less sattsfa: tory, If pointing is performed on some separate inpu
h

d i that device.For
as a stylus on a digitizing tablet, then associated control actions should also be implemente v acifying a

graphics sof tware, a pointing action by a user can accomphsh several diff erent logical functions: spe
*

*hi

dtsplayed element (''pi:L' f unction); selecting a systern-defined object, annbute or action (*bunon" or c o cedistinguish

f uncuon); or indicating a location in the conceptual crawing space (* locator' function). A desi ner must
E

tll d other annotation of

among these f un:uons, ahhough most users will not. Alphabetic entry for titles, a e s, angraphic displays will be accomplished mort quickly by convennonal keyboard input th:tn y po n n .b i ti g (A,CE)

2.1.7.12 Distinctive Cursor (Tier 2 - General)The current cursor position should be indicated by displaying some distinctive cursor symbol at
that point.
COMMENT: (A,CE)

2.1.7.1-3
Zooming for Precise Positioning (Tier 2 - General)

When data entry requires exact placement of graphic elements, users should be allowed to request
expansion of the critical display area (" zooming") to make the positioning task easier.
COMMENT: (A.CE) -

2.1.7.1 -4 Displaying Current Attributes (Tier 2 - General)
During graphic data entry / editing, the selected a:t-ibutes that will affect current actions should be
displayed for ready reference by the user. COMMENT: Users may forget what options have been chosen. Displayed reminders will be panicularly impcrtanth it may be hard to

in situations where the consequences of a msstaken user action are difficult to reverse, e.g., w ereFor exarnple, when gmphic anributes - plotarg symbols, character size. line type,
crase a wrongly drawn line. d i s;

color, et: - are chosen from displayed menus,it might suffice to highlight the currently selecte menu opt onib i ht be
alternauvely, cuntnt selecuons might be shown in some sort of * reminder" window. A few attr utes m g'

ib
shown by the displayed cursor,i.e.,by changing cursor shape size or color depending upon cuntnt attr uteh h rren6y
selectiotts. If rubberbandsng is provi&d to aid hne drawing, then that pmcess itself would s ow t e citi
selected hne type. In some applications, display etes may not be adequate to convey attribute informat oni il

completely. There may not be suffident room on the display. Or the attributes may denve from underly ng mcx e should be able to
whose charactertstics are too complex for stmple display representation. In such cases, users s(A,CE)

request auxihary display of such information to determine the operative cont-xt for current actions.

2.1.7.15 Automatic Data Registration (Tier 2 - General)
Automatic registration or aligtunent of computer-generated graphic data should be provided, so thatdisplay scale.
variable dnta are shown properly with respect to fixed background or rnap data at any

COMMENT: When users are required to enter data via some separate device such as a EQ, hic , tablet, rather thanduretly on tle display surface,it may be remry fcr a user to partidpiue in some computer-prompted procedure ford bl

ensunng data registranon. Such a pmcedure may prove ermt prone, however, and should be considered an un estra e
expedient. (A,CE)

Page 30
Section 2.0 Operator input and C. ntrol

- -



_ ._ ._ _ _ _ . . _ _ _. _ . _ . __ _ _ _ _ _ _ _ _ _ _ . .

s. ,

(Tier 2 - General)
2.1.7.16 Highlighting Selected Elements
When a user has selected a displayed graphic element, that element should be highlighted in someh

way so that the user can anticipate the consequences of any proposed action involving t at
COhnEhT: A doned border might be displayed around a selected element, or perhaps a selected elemer.t might be -selection;

(AE)
displayed with video inversion to distinguish it from other elements.

2,1.7.17 Changmg Position (Translation) . (Tier 2
General)

When editing graphic data, users should be allowed to reposition selected elements on the display,
COh&ENT: Repositioning displayed elements, whether done by " dragging * or " cut and paste *, will usually provef ig

easier than deletmg an element and then recreating it from scratch in the desired location. A capability or mov nd i ibly
elements will aid initial data entry as well as any subsequent edning of graphic data. If an element is move s s
by dragging across the duplay,it is probably not necessary to depict it in comple:e detail in all of its intermediateh (r
positions, it might suffice to show it in simplified outline until its new position has been confirmed by t e user ol d in
perhaps until it remains in one position for a fixed interval of time), at which point its details could be fi le
again by the computer, (A.DE) '

2.1.7.1 8 Selecting Graphic Elements (Tier 3 - Design Details)
Users should be provided some means for designating and selecting displayed graphic elements for

'
COhihENT: For example, designation might be by pointing. in the case of a discrete dement, or might requiremanipulation.

(A.C.E)
some son of outlining action to dehneate portions of a complex figure.

2.1,7.19 Selecting from Displayed Attributes (Tier 3
Deyn Details)

During graphic d:.ta entry, users snould be allowed to specify attributes for displayed elements by
selecting from displayed samples illustrating the available options.

COhBEST: For example, for line drawing a user might select from di; played samples of thick or thin, solid orbroken, etc. A display of available amibutes will serve as a helpful remmder to the user, and will eliminate the needifficult to display, in
to assign distinctive verballabels to the various options. Samples of some auributes may be dih

complex graphics, for example, specification ofline type migat involve selection among * brushes", each of wh :has a "tip* defining the size and shape of the drawing area (a group of pixeh) that the user can manipulate. Brushesi h at*.istic
might have squared tips to draw sharp lines, or rounded tips to draw lines with softer c'ps. By knalogy w t
paintir.g.a ' smear * brush might be provided to average or blend colors along its path. Selective crasur . aght be
accomplished with a brush applying (retuming to) the color of the display background. In most applications, the<

carent selection of data attributes should remain in effect until a new selection is made, in some cases, e.g.
following selection of an "crase* attribute,it may help the user if a selected attribute revens automatically to a

(A,C.E)
def ault value at the completion of a transaction sequence.

Consistent Method for Attribute Selection (Tier 3 - Design Details)
When editing graphic data, users should be allowed to chang: display ataibutes by whatever2.1.7.1-10 _

,

means were used to select those attributes in the first place,COhBENT: Many editing changes will be made during data entry, rather than as separate later actions, and thus it
is important that entry and editing setions be consistent. For example,if line type is selected initially from a menu

'

(A.E)
of displayed attributes, then changing a line type should also be accomplished via menu selection.

2.1.7.1-11 . Selecting Colors (Tier 3 - Design Details)
If users may select colors as an r.ttribute of graphic elements, they should be allowed to specify -
cFars directly by pointing at displayed samples, rather than requiring them to name the colors.

TENT: If many colors are available, users with normal vision can choose from displayed samples more
reliably than from a list of color names. For color-blind users, however,it might be helpful to add names / labels oC(

F
the displayed samples. If only a few colors are available,their names can probably be used reliabb. or more
elaborate graphic art,it may be helpful to users should be allowed to mix their own colors by sequential selectior.
(i.e., cursor placement), either in a displayed palette or directly in a graphic image. Such color mixing could pennit(AI)
user control of saturation, brightness, and opacity / transparency, as well as hues.,

L

,

Page 31
Section 2.0 Operator Input and Control

._. - --- --- - - - - . _-. -. ,.



,e , c.

2.1.7.1 12- Changing Attributes (Tier 3 - Design Details) f
When entering or editing graphic data, users should be allowed to change display attributes or

bl betthe

COhDENT: For example,if a figure was created initially with dashed lines, then a user should be a e to seselected graphic elements. ib If it is

figure, or portions of it, and change the dashed lines to solid lines by specifying thrt alternative attr ute.f sing graphie displays will

easy to change antibutes, reversing earlier data envy decisions, then the pmcess o compobe generally casier. Another approach to changing an auribute might be to rely on genera ed for an element just created) and then redraw it.
l diting capabilities,Lc.,

to delete the element in question (perhaps using an UNDO commanBut a capability for specifying attribute change directly, without element deletion and reentry, w ll o ten e
i f b helpful.

(A.E)

2.1.7.1-13 Moving Selected Objects (Tier 3
Design Details)

Only objects that have been selected should be movable within the display.
COMMENT: (D)

2.1.7.1-14 Changing Size (Tier 3 - Design Details)
When editing graphic data, users should be able to change the size (scale) of any selected element onTypes of resizing

the display, rather than delete and recreate the element in a different size.should include simultaneous resizing of both x and y dimensions and ch:uiging only one dimens o,s.
i

COMMENT: (C,D)

Changing Orientation (Rotation) (Tier 3 - Design Details)
Only objects that have been selected should be able to be teoriented.2.1.7.1 15

,

COMMENT: (D)
(Tier 3 - Design Details)

Multiple Methods of Reorienting Objects2.1.7.I-16
Users should be able to reorient objects by multiple rnethods. (D)
COMMENT. For example, by direct manipulation, or selection of a menu command.

2.1.7.1 17 Continuous Motion Rotation (Tier 3 - Design Details)
The rotation of an object to a new orientation should involve a smooth and continuous motion of an
outline of the object.
COMMENT. (D)

2.1.7.1 18 Direction of Rotation (Tier 3 - Design Details)
Users should be able to ro* ate objects clockwise or counterclockvdse.
COMMENT: (D)

2.1.7.1 19 Deleting Elements (Tier 3 - Design Details)
When editing graphic data, users should be allowed to delete selected elements from the display.
COMMENT: DeleticWerasure will help when rnimW are made during data entry, as well as in any subsequentUNDO capatulity might
editing of graphic data. Deletion should be implemented as a reversible acuen. A generali
suffice to reverse deletions, A more extended reversibility might be provided by saving deleted elements n ai
computer scrap basket from which they cars be reuieved any time during a wort session in case a delennn s
discovered to be a mistake. (AE)

2.1.7.1 20 Easy Storage and Retrieval (Tier 3
Design Details)

Easy means for saving and retrievhg graphic displays or their component elements at different
stages in their creation should be provided . COMMENT: A user should not have to create a graphic image more than once. Once a graphic element has beenih
created, a user should be able to save it for possible re-use. As a protective measure, a user might w s to saveif
different versions of a graphic display at successive stages during its creation,in order to return to an zwiier state
later results seem nnWawy. During creauon. the elem-nts added to a graphic display can be intmelated inUNDO command
comphx ways, and thus stepwise deletion of unwanted elements could prove a difficult process Anb
might be helpful for deleting some of the most recently added elements. But storage and su sequent(A.C.E)
retrieval of interim versions of the display may be tr,cre helpful fcr a fores ghted user.
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2.1.7.1 21
Naming Displays and Elements (Tier 3 - Design Details)

Users should be allowed to name graphic displays or designated elements,in order to aid storage
and renieval or manipulation during graphic data entry / editing, and provide means for a user to
review a current " catalog" of named elements.
COhihENT: Standard displays and graphie components might be assigned names automatically by the computer,

but users will still need a capabihty to assign their own ruimes to intenm versions of displays in creation, or tovanous elements of those d splays. In either case, users mr, ;orget what names have been assigned; some 'cata og
"

l

b

of currently named elements will serve as a helpful reminder. For cun_.itly displayed material, pointing may emore convenient thaa naming for the designation of selected elements; but names will certainly aid the reuieva olf

stored material. (A.E)

2.1.7.1 22 Aids for Entering Hierarchic Data (Tier 3 - traign Details)
Computer aids for entering graphic data in an organized hierarchic structure shot 0d be prosided
when such entry is required.
COMhENT: For example, for entering map data, a user r.iight have to rpecify different levels of data storage for a
city's name and location,its municipal boundaries, its major road panems,its street names and house aumbers, etc.;

(E)computer aids could help that process.

2.1.7.1 23 Automatic Data Valloation (Tier 3
Design Details)

When graphic data rep esent relations among real objects, appropriate computer logic based on
models of physical probability should be provided to validate data entries,COhihENT: If inconsistencies of data entry cannot be resolved immediately, the computer might keep track of .i h
unresolved questions pending receipt of funher data. If data indicate that a military land unitluis been reponed n t e(A.E)
middle of a lake, the computer should call that discrepancy to the user's anention.

?
I'
N
$

.

:
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OPERATOR INPUT AND CONTROL2.0
2.1 Entering Information
2.1.7 Graphics Entry and Editing
2.1.7.2 Plotting Data Points

2.1.7.2-1 Automated Data Plotting (Tier 2 General)

When complex graphic data must be entered quickJy, computer aids should be provided to
COhBM: Users can create simple graphics or edit stcred graphic material fairly quickly, but they can only createautomate that process.

hi d ta
complex graphic displays much more slowly, A vrfiery of computer aids can be provided to help enter grap c a .
Entry of detailed drawings and/or photographic imagery can be accomplished via a video camera and high-resolution

(A.E)
digitizer,perhaps with facilities for a user to edit that process.

2.1.7.22 Plotting Stored Data (Tier 2 - General)
.

Automated plotting of computer-stored data should be provided at user request, with provision for
COhniENT: For example, a computer might plot the data values from two arrays in a line graph, or three.subsequent editing by a user,

dimensional data in XYZ coordinates. In many applications, data intended ior graphic display will already be stored
in the computer. In such cases a user might specify the graphic format required and edit elements in the resultingdisplay output, without actually having to re-enter the data. When users do have to enter data for graphic display,i k aphi:

they might choose form filline or tabular entry for efficiency in the initialinput of data and then nvo e grcapabilides for subsequent data editing. In either case, it is imponant that previously entered data should be
'

accessible for graphic processing. (AI)

2.1.7.23 Computer Derl ation of Graphic Data (Tier 2
General)

When graphic data can be derived from data already available in the computer, machine aids should
be provided for that purpose,COhBENT: For example, a computer might fit a smoothed came through plotted data values, filter out pointsh
when drawing a densely defined curve,rescale graphs. invert graphs by exchanging X. and Y values, conven grap seimi measures of data disuibution, produce a contour
to show cumulative curves, calculate and display various m -
plot from Fridded data with linear interpolation, plot map contours fro:n latitude-longitude coordman:s, calculate
bearings, distances, and areas on maps, plot [wisse views of ob,% cts defined in plan views, plot rpecified cross-
sections of displayed objects, calculate a parts list for a designed assembly, identify critical paths and float time in
network scheduhng chans, etc. The machine capacity for generating graphic data by computation will far cAcced a
user's capabilines in both speed and accuracy. (AI)

2.1.7.2-4 Predefined Graphic Formats (Tier 3 - Design Details)
Wht.n graphic data must be plotted in predefined standard formats, templates or skeletal displays
for those formats should be provided to aid data ency.
COhfMENT: In many applications,it may help to provide flexibility so that general prestored formats can be
modified by a user and then saved for subsequent use. For exarnple, sample displays might be stored in the computerh
to aid in creating standard graphs such as bar graphs, or standard diagrams such as orgaruzation c arts, or page(AI)
layouts ior typesening, or maps drawn to different scalca cr with different projections.

2.1.7.25 Aids for Graph Construction (Tier 3 - Design Details)
When graphs must be constructed fcr data plotting, computer aids should be provid : i for that

COhBfENT: For example, consuuction aids might include stored templates of different kinds of graphs, prompts topurpose.

guide users in the definition of scale axes, and aids for format conuel strh as automatic centering of axis labels if
requested by a user. Compt.ter aids for graph construction shouldbe desined to allow flexibility in their use. Auser should be allowed to position bhels and o:her graphic elements at will, except where operational requirements

,

-

mayimpoue fixed formats. (AE)

2.1.7.2-6 Aids for Scaling (Tier 3 - Design Details)
Computer aids should be provided to help users specify appropriate scales for graphic data entry.

,

l
,
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COMhENT: The computer should handle scaling automatically. subject to review and change by a user. computer might provide a general template for the plotting scale and prompt the user as necessary to e tnedf the scale
ii and

more exactly, including specification of the origin, linear or logarithmic axes, scale intervals, m n mumhi rules to ensure

maxirnum values, and labels for axes. In the process of defining scales the computer mig t mposeil i by their users, e.g.,

that the resulting graphie displays are designed to permit effective information assim at ondisplaying scales with conventional direction, so that numbers increase in value from left to right, or rom o o
f b tt m to

top. (A.E)

I

:
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OPERATOR INPUT AND CONTROL2.0
2.1 Entering Information
2.1.7 Graphics Entry and Editing
2.1.7.3 - Drawing Lines and Figures

2.1.7.31 Drawing Lines (Tier 1 - Use)
When line drawing is required, users should be provided with aids for drawing straight line
segments. (A.CE)
COMMENT: Some applications may require drawing continuous lines freehand.

2.1.7.32 Drawing Figures (Tier 1 Use)

When a user must draw figures, computer aids should be provided for that purpose. COMMENT: For example, a user might select hum a stored set of standard forms - rectangles. circles, etc. - andfigure from scratch. .

edit those to create figures or the component elements of figures, rather than having to draw ca:hMuch graphic construction can either be aided in some way (by templates, tracing techniques, grid gravity, etc.), orfh f s A great

can employ machine generation of computed or stored forms, ohen followed by user editing o t ose orm .(

many different figures can be created by combining simple elements or by specifying geometric parameters e.g
conic sections). Computer aids that allow such shortcuts can speed figure drawing and make the process morea: curate. in ,ome applic:uions, such as constructing organization charts, fiFures may repeat a number of stan ardd

i Computer
elements. In such cases computer aids can be provided to make the production of figures almost rout ne.
logic might be provided to allow a user to create a rectangle simply by designating two opposite comers, or a circ!:
by first specifying its center and then any point on its circumfuence, with rubberbanding to show the result of anybut
current selection. Some capability for freehand drawing may be needed particularly in the creation of Fraphic art,(A.CE)
frechand drawt; will not provide sufficient precision for many applications.

2.1.7.3-3 Zooming (Tier 1 Use)
Critical or difficult graphic drawing tasks should be supponed by a " zooming" function to enlarge
critical display areas.
COMMEh7: (AE)

2.1.7.3-4 Stored Models (Tier 2 - General)
When drawings are variations on a common theme, a computer model that will allow users to
create particular instances by entering appropriate parameters should be provided .
COMMENT- (AS)

2.1.7.35 Grid Reference for Alignment (Tier 2 - General)
When graphic elements are created with vertical and horizontal alignment, a reference grid should
be provided at user-request to aid that alignment.
COMMENT: A reference grid might be displayed merely as a visual aid. In some instances however, where
repeated graphic elements must be aligned in regular fashion,it may be helpful to use a grid to position graphicih
elements automatically at its intersections. An example might be the construction of organization charts w t
repeanng nows of boxes connected by line segments. " Grid gravity" might be provided summ*Wy during graphic

!

entry, based on * gravity field * connection of drawn lines to grid g ints, cr might be invoked as a separate editingcommand by a user. A grid suitable for aiding data entry may not prove equally helpful for subsequent interpretation
of data on the completed display. "Iherefore, after a gaphic image har been composed, the user should decide whether
or not to include the reference grid in the finished display.(A.E)

2.1.7.36 Changing Grid Intervals (Tier 2 - General)
When a reference grid is displayed to aid graphic data entry, users should be allowed to change the
grid intervals in either or botn directions.
COMMENT: For different cpplications, a user rnay wish to work with a fme grid or a coarse grid, depending on the|

| (A.E)
!

quantizing interval of the data being plotted.

2.1.7.3-7 Aiding Line Connection (Tier 3 - Design Details)
When line segments must join or intersect, computer logic should be provid-J to aid such
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COhSENT: An effective computer logic to aid line connection is to provide a so-called " gravity field" surrouning,onnecdon.
ll be extended-

ca:h hne segment, so that if a line-drawing cursor is moved within that field the cursor's new tir.c wiill

automadcally to intersect the already-displayed hne. Note that a * gravny field' need not itsel" be displayed; users wsoon learn to infer its extent by its effect in aiding cursor placement. Because users often seek to join line segments1 h dto
at their ends,it msy help to enlarge the zone of a: traction at the end of each displayed line to facilitate suc eni

end connecuon. The concept of " gravity field' can also be used to align drawn line segments with points n a
=

reference grid, as well as with each other. (AI)=

2.1,7.3 8 Specifying Line Relations (Tier 3 - Design 'htails)
For precise drawing, users should be allowed to draw lines by specifying their geometric relations

[ COhSENT: For example,in computer aided design, a use might wish to create a new line by declaring it parallelwith other lines.

3 with (or perpendicular to) an exisung hne. (AS)
E

Constraint for Vertical and Horizontal Lines (Tier 3 - Design Details)
When graphic elements are created with vertical and horizontal lines, users should be allowed to

--
2.1,7.39

specify appropriate constraints during line drawing.COhSENT: Here computer logic is invoked to intapret casual freehand gestures by a user as if they were carefully
drawn - the electroni equivalent of a draftsman's T-square. Thus a roughly venical monon by a user could create an

3( exactly venical line in computer storage and display. In applications where enhogonallines predommate,it may be
helpful to make constrained drawing the norm, while allowing users to specify free-form drawing as an exception.|
(AI)

2.1.7.3 10 Rubberbanding (Tier 3 Design Details)
When lines must be drawn at arbitrary positions, lengths and angles, a rubberbanding capability
should be provided, in which the computer displays a tentative line extending from a designated
start point to whatever is the currently proposed end point.
COhSENT: This techr:ique permits users to entet or change aline segment rapidly and with confidence by

_

designating its staning point and then simply moving the cursor to the desired end. point, thus placing the"rubberband" line in its intended position. A smular capability should be provided to aid entry / editing of specified
outline figures. A rectangle might be rubberbanded by fixing one comer and monng the opposite comer, A circle(A2)
might be rubberbanded to desired size by fixing its center and changing the extension of its radius.

2.1,7.3 11 Alternative Methods for Drawing Figures (Tiur 3 - Design Details) ~

In applications requiring a general capability for drawing 5gures, a choice of methods should be

provided for specifying graphic elements.COhSENT: For example, a st aight line might usually be created by specifymg two points, but sometimes it
might be easier to specify one point plus a constratnt that the line be parallel (perpendicular, tangent) to some other
line. A circle might usually be created by specifymg its center and a point on its cucumference; but sometimes it
might be easier to specify a circle by other means - e.g., by two ends of its diameter, or by three points on its
circumference, or by its center plus a constraint that it be tangent to some other figure, or by inscribing it within a
square. An ellipse might usually be created by specifying two foci and a point on its penmeter, but sorsetimes it
might be casier to specify its center and draw its long and short axes, or it might be inscribed withir. a rectangle. A
regular polygon might usually be estated by specifying the end points of one edge and the number of sides, but it
also might be specified by its center and one venex and the number ofits cides. (AS)

Automatic Figure Completion (Tier 3 - Design Details)2.1.7.3 12
In applications where design rules have been previously dcEned, computer aids to complete
automatically any details of graphic data entry covered by those rules should be provided.
COhSENT: For example, the computer might automniany add dimension.al annotation to drafted figmts, or
when drawing or editing a polygon, the computa might automatically maintain closure if additional vertices are
spectfied, rather than requiring the user to close the figure manually, la computer-aided design,if the flanges of
connected components are designed with arcs of standard radius, then a nser might draw those joints squart and ask
the computer to tound them. A computer might create perspecuve drawings automatically from plan and elevazion
data, with hiMen pans eliminated. In drawing flow chans, a computer might automatically add the armw to a

'
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connectmg line, dependmg upon the direcdon in which the line was drawn (or the sequence in which its poins were
designated). (AE)

3.1.7.3 13 Enlargement for Symbol Drawing (Tier 3 - Design Details)
in applications where users may create special symbols, a capability for drawing (or changing)ded

a

symbol in large scale should be provided , with automatic reduction by the computer to the nee
For exampit, enlargemem might aid in specifymg shapes to be used for plotting points or for mapstZe.

symbols, or in desigmng icons or De letters in a font. When drawing symbols in larFe scale, a rough sketch mayCohBENT:

sufnce, requiring less dexterity from a user. The desirable degree of scale expansion will depend upon symbol
compleury, and can probably be dete mined by tesung. Some designers recommend a 20t20 grid to provide an(AI)
enlarged pixel representanon, on which a user can add or delete pixels to create a symbol.

2.1.7.3 14 Copying Elements (Tier 3 Design Details)
.

Usns should be allowed to copy a selected grapitic element in order to duplicate it elsewhere or
create a repeating pattem.

hiany grarhi: displays contain repeating elements; copying an element already created may prove
quicker than redrawing that element from scratch. In creanng patterns, a user will of ten need to specify a referenceCOMhENT:

pomt in the onginal element and then specify where that point should be placed for each copy of that element. In
some special appheadons, it might help to provide an opuonal kind of copying capability called ' instancing * ini ( i es) will be
which a user can choose to copy a Fraphic element from a stored template, and then all ccp es af nstanc

(AR)
changed automan: ally whenever that origtnal template is changed.

2.1.7.3 15 Rotating Elements (Tier 3 - Design Details)
When editing graphic data that depict objects, users should be allowed to rotate a selected element

on the display, in order to show it in different orientations.COMhENT: Rotation of a displayed element will usually prwe easier than deleting an eleme1t and then recreating
it from scratch in the desired orientadon. A capabibry for rotating an element will aid initial data entry as well as
any subsequent edinng of graphic data. (AE)

2.1.7.3 16 Reflection of Elements (Tier 3 - Design Details)
When us;rs must create symmetric graphic elements, a means for specifyir.g a reflection (mirror
image) of existing elements sitould be provided .
COMhu'.h7: Many graphic displays contain symmetric 6gures whereif one side has been drawn the other side

might be created qui:Lly as a reflected copy of the first, perhaps with some subsequent modification by the user. Users will need some means fcr specifying the desned reflectico plaae, which for practical purposes should pmbably
be constramed to a choice between left.right and tip-down reflection.(AE)

2.1.7.3 17 Grouping Elements (7 er 3 - Design Details)
Users should be allowed to designate a grcop of elements to which graphic editing opera ions will
be applied in common.
COhBEST: For example, a user might carefully postion two elements with respect to each other, and then wish
to move both of them together while preserymg theh relative posidor.s. Grouping elements might be a temporary
action, intended for just a few successive editing operations, or it might be specified more permanently via some sort
of "ma' e group * command. (AE)

2.1.7.3-18 Merging Elements (Tier 3 - Design Details)
In the special case when a drawn obiect can be cmated by thejunction or disjunction of other
graphic elements, computer aids should be provided for merging those elements by boolean
combinanon.
COMhEST: For examp'e,in showing the junedon of two objects comprising the components of some more
complex object, a computer might calculate and draw their intersec: ion, automatically dealing with overlapped data
sets and concealed contours. This technique can represent the intersection of solid objects and also the result of
drdhng holes in an object. (AE)

2.1.7.3 19 Filling Enciosed Arcas (Tier 3 Design Details)
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When area codtr.g is required, users should be allowed to fill an enclosed area with a selected
..

.

h b having
amibute (color, shading or cross hatching) by a simple specification action, rather t an y

.

l
to trace over the area involved.
COMMENT: For example, for many applicatiotts,it may suffice if a user can simply point at one of severadisplayed attributes (color patches, brightness levels, hatching panerns) and then point at the area to be i e .fll d A user

f d wn

might wish to shade the bars of a bar chart, or the wedges in a pie chart, or the crious components o a ra
diagram or picture. (A.E)
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OPERATOR INPUT AND CONTROL2.0
2.1 Entering Information

3- 2.1.8 Data Validation

2.1.8-1 Automatic Data Validation (Tier 1
Use)

Software for automatic data validation should be provided to check any item whose entry and/or
correct format or content is required for subseqtient data processing.
COhthEh'T: (A.E)

2.1.8-2 Stroke-By Stroke Echo (Tier 2 - General)
Data being entered through a keyboard should be echoed on the screen on a stroke by stroke basis,
except when applied to passwords or other security measures .

~

COhntEST: (A)

2.1.8 3 System Validation (Tier 2 - General)
_

Where possible, when a command entry does not meet validation logic, a cautionary message
should be displayed asking the user to confirm data entry.COhBENT: For example, during reactivity control, the following type message may be displayed:

*A negative

d 32.* (A)
value has been entered in the fic!d ' Control Rods.' Please enter a positive number between 1 an

Data Verification by User Review Geer 2 - General)
When verification of prior data entries is required, users shot 0d be allowed to review and confirm2.1.8 4

the data, rather than rec uiring re-entry of the data. For special verification, as when cemputer
processing has detecrec

doubtftd and/or discrepant data entries.the user should be alened with an appropriate

COhBEhT: For routine verification, data review by the user will be quicker than re-entry, with less risk ofadvisory m ssage.

introducing new emxs. (E)

2.1.8 5 Cross Validation of Related Data (Tier 2 - General)For the entry of related data items, automatic cross validation should be provided to ensure that the

data setislogically consistent.COhBENT: Such cross checking is a signifcant advanuyge of on-line data processing, providing computer aids to
-

help users detect logical emxts. (E)

2.1.8 6 Displaying Default Values (Tier 2 - General)
Currently operative default values should be displayed for data entry, so that users can review and
confirm them for computer procer;iag.
COhBEST: (E)

2.1.8-7 Non Disruptive Error Messages (Tier 2 General)
If data validation detects a probable error, an error message should be displayed to the user at the
completion of data entry; do not interrupt an ongoing transxtion.
COhBENT: (A.E)

2.1.8-8 Timely Validation of Sequential Transactions (Tier 3 - Design Details)
In a repetitive data entry task, the data for one transaction should be validated and the user should
be allowed to correct errors before begmning another transaction.
COhBEhT: This is paniallarly imponant when the task irquires transcripion from source dccumems, so that a(A.E)
user can detect and correct entry errors while the relevant document is still at hand.

2.1.8 9 Optional Item by-Item Validation (Tier 3 - Design Details)
Optional item-by-item data validation within a multiple-entry transaction should be provided .
COhSEhT: This capability, which might be termed an " interim ENTER.* may sometimes help a novice user

(A.E)who is uncenam about the requirements imposed on each data item.
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Deferral of Required Data' Entry (Tier 3
Design-Details)

il

If a user wishes to defer entry of a required data item, the user should be req
uired to enter a spec a --~

2.1.8 10 h than ignored.

symbol in the data field to indicate that the ite_m has been temporarily ominec; rat er
-

'

COMMENT: ' (E)
(Tier 3 <- Design Details)

If a user has deferred entry of required data but then requests processing of entries, that omission2.1.811. Reminder of Deferred Entry df l

should be signaled to the user and immediate entry of nussing items or perhaps further e erra
should be allowed.
COMhmNT: (E)

2.1.812 User Validation (Tier 3Design Details)The user should be able to obtain a paper copy (virtual screen dump) of the contents of
alphanumeric or graphic displays.
COMMENT: (A)

.
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OPERATOR INPUT AND CONTROL2.0 Entering Information2.1
Error Prevention and Correction

f 2.1.9

|
2.1.9.1 General

(Tier 2 - Consistency) ll

Clear and consistent procedures for different types of transactiens should be provided, particu ar y2.1.9.1 1 Consistent Procedures
i

those involving data entry, change and deletion, and error correct on.COhiMENT: Conststent procedures will help users develop consistent habits of operation, re uce t e
d h likelihocd of

h t i ks data loss. (E)
user confusion and error, and are especially important for any transaction t a r s

(Tier 2 - General)
Appropriate Ease or Difficulty of User Actions

The case of user actions should match desired ends; frequent or urgent actions should be caty to2.1.9.12 difficult so that they require
oke, but make potentially destructive actions should be sufficiently
extra user attention.
COhthfENT: (E)

(Tier 2 - General)Control by Explicit User Action
The computer should change data only as a result of explicit actions by a user, and not initiate2.1.9.13

h ld not
changes automatically.COMhiENT: The aim here is to preserve clanty of system operadon for the user. In effect, a computer s ouExceptions - 1)In an operadons
imnate data changes unless requested (and possibly conftrmed) by a user.l soun;es (sensors),if

monitanng situation, a computer might accept data changes automancally from extema2) A computer might

appropnate software is incorporated to ensure validadon and pmtection of the input data.(E)
perform cross-f'tle updating automatically, following data change by a user.

(Tier 2 General)
Appropriate Response to All Entries

The interf ace software should deal appropriately with all possible control entries, correct and2.1.9.1 -4

f li

COhth1ENT: For certain mutine and easily rrcognized errors, such as trying to tab beyond the end o a ne, aincorrect.
f i key that isinvalid

simple auditory signal (' beep *) may be sufncient computer response, if a user selects a unct onfor a particular tnnsaction, no action should result except display of an advisory message indicating w at un
L

h f ctions

are appropnate at that point. (E)

2.1.9.15 Prompting Command Correction (Tier 2
General)

If an element of a command entry is not recognized, or logically inappropriate, users should be
prompted to correct that element rather than requiririg re-entry af the entire command.A f aulty command can be retained in the command entry area of the display, with the cursebl (E)
automatically positioned at tne inconect item plus an advisory message describing the pro em.COhihfENT:
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OPERATOR INPUT AND CONTROL2.0
Entering Information2,1

Error Prevention and Correction2.1.9 Correcting Data / Command Entries2.1.9.2

2.1.9.2-1 Acknowledging Corrections (Tier 2 - Feedback)
All error corrections by the user should be acknowledged by the system either by indicating a
correct entry has been made or by :.nother error message.
CONSIENT: (C)

UNDO to Reverse Control Actions (Tier 2 - Error Handling)
Any user action should be immediately reversable by an UNDO command. UNDO itself should be2.1.9.2-2

reversible, so that a second UNDO action will do again whatever was just undone,COhSBT: Even with an UNDO capabihty, however, a user may make an inetrievable mistake,if succeedingi ction,

actions intervene before a prior destru:tive action is noticed. If a user is overhasty in confttming a destruct ve ak t
and reahzes the mistake nght away (i.e. before taking another action).then an UNDO action might be ta en o
reverse the damage. (E)

User Review and Editing ol' Entries (Tier 2 General)

For all inputs, whether data entries or commands, users should be allowed to edit composed2.1.9.23

material before requesting computer processing.COMhfENT: Input editing will allow users to correct many errors before comptner processing. When an ermt is
detected, a user will be able to ftx it by editing, i.e., without having to retype any correct items (which might
introduce further errors). (E)

2.1.9.2-4 Display of Erroneous Entries (Tier 2 - General)
Computer-detected errors, as well as the associa'ed error message, should be diylayed
continuously until the error is corrected,
COhSET: (C)

2.1.9.2 5 Immediate Error Correction (Tier 2
General)

When a data entry error is detected by the computer, the user should be allowed to make an

immediate correction.COhiMENT: It is helpful to correct data entry errors at the source, i.e., while a user still has the entry in mindd t
and/or source documents at hand When a user cannot correct an entry, as when transcrib'mg from a source ocumenil the user
that itself contains an error,it may help to allow the user to defer entry of the wTong item. Altemat ve y,
might wish to cancel the transLetion. (E)

2.1.9.26 Editing Entries After Error Detection (Tier 2 - General)
Following error detection, users should be allowed to edit entries so that they must rekey only

tho;c portions that werein error.COhfMENT: If a user must re-enter an entire data set to correct one wrong item, s/he may make new errors in
previously correct items. (E)

2.1.9.2 7 Explicit Entry of Corrections (Tier 2 - General)
Users should be required to take an explicit ENTER action for computer processing of etTor
corrections; this should be the same action that was taken to enu:r the data origmally.
COhSfENT: (E)

2.1.9.28 Error Message Content (Tier 2 - General)
Error messages should specifically describe the error and available remedies in language that
reflects the user's point of view, not the programmer's.
CONSIENT: Error messages should explicitly provide as much diagnostic information and remedial direction as can
be infened reliably imm the error condition. Where clear inierence is not possible, probable helpful inference (s) may
be offered. (C)
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Automated Correction Aid (Tier 2 - General)When inappropriate or unrecognized commands are detected, a list of permissible commands, or2.1,9.29

commands predicting what the user is attempting should be provided .
COMMENT: (D)

(Tier 2 - General)
Flexible BACKUP for Error CorrectionUsers should be allowed to B ACKUP easily to previous steps in a transaction sequence in order to2.1.9.2 10

conect an error or make any other desired change. COMMENT: For example,a user might wish to B ACKUP through the defined sequence of a question-and-answer
(E)

dialogue in order to change a previous answer.

Errors in Stacked Commands (Tier 3 - Design Details)

If an error is detected in a stacked series of command entries, the computer should eitherconsistently execute to the point of enor, or else consistently require users to correct errors e ore
2.1.9.2 11 bf

executing any command.In most applications, parnal execution will probably prove desirable. The point here is that an
COMMENT: fE)
interface design decision should be made and then followed consistently.

(Tier 3 Design Details)
Partial Execution of Stacked CommandsIf only a ponion of a stacked command can be executed, the user should be notified and provided2.1.9.2-12 i

appropriate guidance to permit correction, completion, or cancellation of the stacked commanh

COMMENT: Note that stacked commands can fail because of error in their composition, or for other reasons suc
as unavailability of required data. (E)

2.1.9.2-13 Spelling Errors (Tier 3 - Design Details)
Commands should not be named in such a way that misspelling and other common errors could
produce valid system commands or initiate transactions different from those intended.
COMMENT: When possible, the system should recognize common misspellings of commands and execute thedimtayed

commands as if spelling had been correct. Computer conected commands. values, and spelhngs should be
and highlighted for user confinnation. (C)

1
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OPERATOR INPUT AND CONTROL2.0
Entering Information2.1

Error Prevention and Correction2.1.9
2.1.9.3 Confirming Entries

(Tier 2 General)
User Confirmation of Destructive EntriesWhen a control entry will cause any extensive change in stored data, procedures and/or system2.1.9.3 1 ified and

operation, and particularly if that change cannot be easily reversed, the user should be not.

confirmation of the action should be required before unplementing it. COMMENT: This guideline applies to replacing or destroyinE any data file,any disk or other stored dart Thediting of

guideline does not apply to editing of words. numbers, or text hnes within a document or data form or to e
graphical elements within a graphical da:a file. h

(E)

Confirmation Message Content (Tier 2 - General)2.1.9.3-2
Confirmation me 1ges should be simple, positive, and direct.

-

COMhEhT: (D';

User Warned of Potential Data Loss (Tier 2 - General)
The prompt for a CONFIRM action should wam users explicitly of any possible data loss,2.1.9.3 3

(E)
(Good) CONFIRM deletion of entire FEEDWATER file??COMhEh7: (Bad) CONFIRM DELETE

2.1.9.3-4 Verification of Deletion (Tier 2 - General)If a complete file is to be deleted. sufficient information, (name, description, size, date established,
data last changed, etc.) should be displayed to verify the file for deletion.
COMMENT: (A)
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OPERATOR INPUT AND CONTROL2.0 Entering Information2.1
Error Prevention and Correction2.1.9

2.1.9.4 Protecting Data
(Tier 1. Use)Protection from Computer Failure

Automatic measures should be provided to rninimize data loss from computer f ailure.COhthENT: An automati: capabihty is needed because users cannot be rehed upon to remember to take necessary
2.1.9.4 1

dling by the computer

protecuve measures. Though mt stri:tly a feature of user interface design. reliable data harli f m computer failure will
will do much to maintain use. confidence in the syst:m. Conversely. data loss resu t ng rol For example,dependmg upon the
weaken user confidence, and redu:e user acceptance where system use is optiona .i chiving of

enticahty of the apph:ation. dif ferent proteenve rr?.asures may be justified,in:luding penodi automat : ardata files maintenance of transa: don logs for reconstrutuon of recent data changes,or even provision o para ef ll !
.

* backup * computing f acihties. (E)

2.1.9.4 2 Protection from Interrupts (Tier 2
General)

When a propos.ed user action will interrupt a current transaction sequence. automatic r.2ans told be

prevent data loss should be provided : if potential data loss cannot be prevented. the user shou
COMhENT: Do not interrupt without user conftrmanon. Some interrupt a:tions su:h as B ACKUP. CANCEL. orwamed. if an

REVIEW. will by their definition cause only lunited data change. and so neu! no special protection. Hower:r.d

interrupt action may cause extensive data change (e.g RESTART. LOG.OFF). then the user should te require to
confirm that action before processing. If a user should interrupt a series of changes to a data file, then the computerd

might automaucally save both the anginal and the chanted w;bns of that file for sutuquent use review an
dispositior.. 2)

2.1.9.43 Protection from Data Change (Tier 2 - General)
When data must not be changed, users should not be permitted to change controlled items.ui)
COhthENT: It is tot enough simply to instruct users not to make ebnges in displayed data.

(Tier 2 General)
2.1.9.44 Explicit Act'on to Select Destructive Modes
Users should take explicit action to select any operational mode that might result in dati. loss; the
computer should not establish destructive modes automatically.
COhthiENT: In many applications,it may be becer not to provide any destructive mode. Instead of providmg aDELETE mode. for example, require that DEM7 he a dtscrete action subject to cmfinnation by the user when the
requested data deletion is e tensive. (E)

e

2.1.9.45 Warning Users of Potential Data Loss (Tier 2
Gerteral)

For conditions which may require special user attention to protect against data loss, an explicit alert
and/or waming message should be provided to prompt appropriate user action.
COMhEST: (E)

<

2.L9.4 6 Safe Defaults (Tier 2 General)
If automatic defaults are provided fer co . trol entries, those defaults should protect against data

2 least not cc,ntribute to the iisk of data loss.
.: For example, requesting a printout of filed data, one control option might' e to delete that file aaerloss

printinc e default "a:ue for such a destru:tive option should automatically be set to NO whenever the prtnting .CON

(E)opn y n , resented to a user for selection.

2.1.9.4 7 Protecting Physical s.ontrols (Tier 2 General)

If activation of function keys (and other control devices) may result in data loss, they should be
located seperatdy and/or physically protected to reduce the likelihood of accidental activation.
00MhENT: (E)

?.1.9.4 8 Disabling Unneeded Controls (Tier 2 . General)
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V%en f.:nction keys and other devices are not needed for current coatrol entry, and especiallyf so

when they may have destructive effects, they should be temporarily disabled by the so tware

that they cannot be activated by a user.COhtMEN7: Some means should also b: provided to help users disunguish curtemly etive from disabled controls,l ction
su:h as tsightening (acuve) or dtmmtnt (disabled) d.eir as':ociated labels. If labebng is adequate, ther, user se ei f

of a disabled centro! rmd produce no response. If adequate labebng cannot be povided,then tuer select on o aG)
daabled control should produ:e an advisory message that the controlis not currendy a:uve.

Preventing Data Loss at LOG.0FF (Tier 2 General)

When a user tequests LOG.0FF, pending transactions should be checked and if any pending2.1.9.4 9 i sr
transaction will not be completed, or if data win be lost, an advisory message request ng u e

confirmation should be displayed.A user rnay sometimes suppose that a job is done before taking necessary implemendng actions.
COMMENT:
(E)

2.1.9.4 10 Displaying Data to be Changed (Tier 3 . Design Details)
,

If a user recuests change (e: deletion) of a stored Jata item trat is not cmrently being displayed,both the olc. and new values should be displayed so that the user can confirm or nulbfy the change
before the transaction is completed.COMMEb7: For proposed deletion of significant arnounts of dna, su:h as entire files,it will probably not be
leasible to display all of the data. In su:h instar ces, sufficient irtformation should be pmvided so that the user can
Hentif y those files s/he has selected for deletion. The user should be clearly wamed of the potential data loss ard
required to confirin the desuuctive action befor- it will be executed. his pra dee will tend to prevent madvenentl d
change,in:ludmg changes resulting in loss of needed dala. User anempts at selective data change without disp aye
feedba:L will be prone to error. (E)

2,1.9.4 11 Distinctive File Names (Tier 3
Design Details)

When data files may be deleted (or overwritten) by name, the names of different files should

CO!iMENT; in many applications, file naming is a user option, and distinctive naming will depend on userdirtinctive.

judgment. He computer might provide an advisory message if a proposed new file name is sim.lar (e.g., identical
in the first 5 letters) to the name of an eaisting file. (E)

q

2.1.9.4 12 Feedback for Mode Selection (Tier 3
Design Details)

When th. result of user actions will be contingent upon prior selection among differently defined
operational modes, a continuous indication of the current mode should be provided, particularly
when user inputs in that mode might result in data loss.
COMMENT: A user cannot be rebed upon to rernemter F or actions. Aus any action whow results arei
conungent upon previous a:tinns can represent a potendal t'veat to data protecuan. For eaample, if a DEEETE
mode is being used to edit displayed data, some irdieaion of that made should le continuously displayed to the u.cr.

(E) -

2.1.9,4 13 Multiple Users (Tier 3 . Des;gn Details)
When two or more users have simultaneous read access or data processing results from multiple
user computer interfaces, the operation by one person should not interfere with the operations of

COMMENT: Provisions should te made so that the pre.crnpted user can itsume operations at the paint of
another person.

interferent without infonnation loss. (A)

Protection from Interference by Other Users (Tier 3 - Design Details)
2.1.9.4 14
Data should be protected from inadvertent loss caused by the actions of other users.
COMMENT: When one user's actions can be interrupted by another mer, as in defined emeryerty situations, that. user should subsequently be able to resume
intenuption shm4d be tempornry and nondestru: tin. De interpie users review, enter, or modify data in a
opemtion at the point of intenvption witout data loss. Whrstries made by other users. In systems where
system, they should te able to review and browse data chas.crs,it may be appropnate that one user can cl nge
iniormation handhng requires the coordmated a tion of multy
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| data that wi!J te used by othen. liut when muluple usen will att iriderendendy, then c.arr shmald te ta en o
k t ensure

E)
that they wdl rc mterier wiui one another.

(Tier 3 Design Details)
2.1.9.4 15 Segregating iteal from Simulated DataWhen simulated data and system functions are displayed or provided (perhaps for user training),i l d
reti data should be protected and real system use should be clearly distinguished from s tnu ate

-

operations.
COMMEf!T: Ga

(Tier 3 Design Details)
Data Entry / Change Transaction itecords

In situations where unauthorized data changes may te possible, users (or a system administrator)2.1.9.4 16

should be able to request a record of data entry /chan);e transactions. Col thtENT: Transa:uon records might te maintained for purposes of user guidance as we!J as for data protection.
m)
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OPERATOlt INPUT AND CONTROL2.0
2.2 Operator Diahque
2.2.1 General

2.2.11 Interactive control (Tier 2
Consistency)

General design objectives for interactive control should include consistency of control action, minimized need for control actions, and minimized memory load on the user, with flexibility of
interactive control to adapt to different user needs.COhD,iENT; As a general pnneiple, the user who should decide what needs doing and when to doit. The selectionf dsalogue imply

of dialogue tyics should te based on anticipated task requirements and user skills. Different types o
differences in system resporne time for effective cooperation. Estimated relative req'sirements for user endning and fori

system resporae time are given below. Dialogue T)Te Question and Answer Menu Selection Form Filling Fun:t on
l'eys Commandlanguage Natural /Ouery Language Graphi:Interacuon RequiredUserTraining None NoneModerate Moderate IUgh ModeratelbghTo!:rable Sneed of System Response Moderate (.5 to less than 2 secs)
Very 1 ast (less than .2 secs) Slow (greater than 2 secs) Very Fast Dess than a secs) Moderate / Slow (.5 to greater(C)
than 2 secs) Fasi f.2 to less than .$ secs) Very Fast (less than .2 se $)
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OPERATOR INPUT AND CONTROL.2.0
2.2 Operator Dialogue
2.2.2 Sequence Control

2.2.2 1
Consistent User Actions (Tier 2 - Consistency)

Sequence control actions should be consistent in fonn and consequences.
COMMEhT; Simi'tr means to accomplish ends that are similar should be employed from one transaction to thedd nsistent

nest, trom one task to another, throughout the tuer interface, in paracular, there should te some stan ar , cold not

routine for a user to initiate and tentdnate the inrisactmn sequences that comprise ddfeient tasks. Users shoube required to learn diff erent command names to terminate diff erent tasks. or remernter to terminate one tast by
command and another by funcuan Ley. (A.E)

(Tier 2 Consistency)
Consistent 1)isplay of Context Information

Inforrnation displayed to provide context for sequence control should be distinctive inlocation and
.

2.2.2 2

fome.t. and consistently displayed from one transaction to the next.
COMMEN'f; ( A.E) .

2.2.2 3 Format Consistency (Tier 2 Consistency)

Display and input formats should be similar within levels and the system should indicate current
positions within a sequence.
COMMENT: (A)

Context Definition (Tier 2 Consistency)
2.2.2 4
Fornuts should te consistent from one frame to the next.
COMMENT: (A)

2.2.2 5 Wording Consistent with User Guidance (Tier 2
Consistency)

The wording and required format of control functions should be consistently refelected in the
wording of user guidance, including alllabels, messages, and instructional material.(Bad) If a

(Good) To delete a paragraph, press DELETE and then PARAGRAPilCOMMFAT: For e ample,

parapuph must le crased, press DELETE and then PARAGRAPit For etarnple, when the computer displays afue name, that name should te shown in a fermat that would be acceptable if the name were included in a command
For example, if a user must complete a contrtd form to specify printer settings, the wonis used as labels on(E)

that iorm should also te used in any enor messages and HELP displays which may guide that process.
entry.

Consistent Terminology for Seques ce Control (Tier 2
Consistency)-

For instructional material, such as display labeling, on line guidance, and other messages to users,2.2.26

consistent terminology should be used to refer to sequence control.
COMMENT: (E)

2.2.2 7 Logical Transaction Sequences (Tier 2
Task Compatibility)

When designing a sequence of related transactions for some informAtion handling task, task
requirements should be employed to ensure that those transactions will constitute a logical unit or
subtask from a user's viewpoint, and to determine what contml options users will need at any point.
COMMENT: A logical urdt to the user is not nmaily the same as a logical unit of the computer sof tware that
medates the transaction sequence. It might te, for example, that a user should enter ten items of data in a singleill use five of
transa: tion, because those data all come from one particular paper iorm, even though the computer w(A.E)
those items for one ptopme and five items for another in its subsequent internal processing.

2.2.28 Minimal User Actions (Tier 2
Minimizing User Actions)

Control actions should be simple, particularly for real time tasks re phing fast user response;
controllogic should permit completion of a tmnsaction sequence with the minimum number of

COMMENT: For example, a user should te able to print a display by simple request, without having to take aactions.

senes of other a:tions first, such as calhng for the display to te fded, specifying a fde name, then calling for a print
Page 50

Section 2.0 Operator Input and Control
_ _ _ _ _ _ _ _ _ - _ _ _ _ _



- - . .

9 .

Another etample. for long, multipage displays,it should be possible to request a paru:ulari illbe

page ducctly, without having to tale repeudve NEXT PAGE or PREY PAGE atoons. A destructive act on wof that named file.

kss likely to be taken by mistake,if it is designed to be different or dishneuve, requiring estra user ac~ons.
(A.E)

Flexible Sequence Control (Tier 2
Flexibility of Use)

Flexible means of sequence control should be provided so thet users can accomplish necessary2.2.2 9 d d in
transacdons involving data entry, display, and transmission, or can obtain guidance as nee e

COHB (ENT: For example,in scantting a mukipage display the user should be able to go forward o> ba:L at willconnection with any transaction.

If user interf ace design permiu only forward steps. so that the user must cycle through an entire display series to
reach a previous page. that design is deficient. (A.E)

2.2 b10 Periodic Feedback (Tier 2
Feedback)

When system functioning requires the tiser to stand by, periodic feedback should be provided to
indicate normal system operation.
COhihtEfC (D)

.

2.2.2 11 Feedback for Control Entries (Tier 2
Feedback)

The :omputer should acknowledge every control enny immediately; for every action by tne user
there should be some apparent reaction from the computer, COMMENT: In particutar, the absence of computer response is not an acceptable means of indicating that a controli
entry is being processed. 'Immediately* as used in tids guideline must be interpreted in reladon to the response t meFor example,esecution cf a requested transaction might produ:e an
requirements of different dialogue types.
immediately apparent resuh. as when a user requests NEXT PAGE and the next page is desplayed. A message
might indicate completion of a transaction, as when a user requests a primout at a stmote facility and the computer
displays a confirming message * RAD WASTE file has been sent to printer *t or, a message might indicate thatexecution is in pigress or deferred, as when a user cruers data and the computer displays an interim message " RAD
W ASTE file is being updated." A message might indicate that the control entry requires correction orconfinnation, as when a user requests a file display and the computer displays an error message ' RAD WASTE file
not recognized." (E)

2.2.2 12 Indicating Completion of Processing (Tier 2 Feedback)

When processing in response to a control entry is lengthy, the uw should be given some positive
indicanon of subsequent completion, and appropriate related information.
COhBTENT: If a user is currently involved tri some raw transaction, then completion of procesring for a priorIf the outcome of a
transa: tion should be indicated by nondssruptive dirplay of an approprsale advisory message.(E)
completed transaction may imply the need for further user acuon, that should be indicated to the user.

2.2.2 13 User Initiative in Segttence Control (Tier 2 General)

Users should be allowed to take initiative and control their interaction with the computer; user
requirements should be anticipated and appropriate user control options and computer responses
should be provided in all cases.
CObtMENT: In most applications, a user should be able to internpt or termmate any transaction once it has been
initiated. Users will somePes change their minds and decide that an irdtiated transaction is not what was wanted
aher all Sof tware logic shou.d be 'bulletproofed' to anticipate every f cssible action by a user, no matter how

li i )i t as wellas for correct

tmprobable, providing an appropnate computer response for random (or even ma c ous npu sentries and likely errors. In panicular, a dialogue should nevet reach a dead end with no further action available to the
user. If a user makes an entry inappropnate to current processing logic, the computer should simply display and
advisory message that the input cannot be recognized and indicate the available options as to what can be one next.
(A.E)

2.2.2 14 User Paced Sequence Control (Tier 2 General)

Users should be allowed to pace control enuies, rather than requiring users to keep pace with

computer processing or external events. COMMENT: User paring will let control entries be ma$c in a: cord with a user's current needs, anention 7,,an, and
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ume available. ( A.E)

2.2.2 15 Control by Explicit User Action (Tier 2
General)

Users should be allowed to control tranraction sequencing by explicit action; computer processing
should be deferred until an explicit user action has been taken.
COhiMENT: For example, when a user is Leying an extended data entry, the computer should not intenupt the useri Also, when

to requre unmeante correcuon of any entry error, but instead should wdt for the uset's ENTER act on.
a user is composing a command to accomplish some traturtion, the computer should no; interrupt the user by
responding as soon as it recognues a partal entry but instead should wait for the user's Eh*IER acuon. Ind

automated prtcess control appli:ations, emergency condirons rnay take pecedence over current user transactions, an
a computer genented warning .. tight interrupt user a.%ons. In routine, repetitive data entry transactions, successful
complenon of one entry may lead automat @ly to ininacon of the next, if the computer interrupts a user,it pre-
empts the iruuative in sequence control,in effect forcing the user into an error correcuon (or some other) sequenceIn general,
conceived by the interface dengner, and ne: necessarily a sequence that would be chosen by the user.
compulei detec6cn of problerns with current user entries can be negonated at the conclusion of a transaction, before-

it is implemented. Nondisniptive alarms or advisory messages can be deplayed to repon computer monitoring of
(E)

etterrud events so that the user can choose when to deal with them.

2.2.2 16 Control Matched to User Skill (Tier 2 - General)The means of sequence control should be compatible with user skills, permitting simple step by-
step actions by beginners, but permitting more complex command entry by expenenced users.

Most systems will have users with varying levels of experience. Any particular user may become
more cxpert with inertasing experiance.or perhaps less expen af ter a long period of disuse. Accommodating users ofCOMMENT:

i t
varytng expertise requires a mixture of different dialogue types, with some means for smooth transit on rum one
mode of dialogue to another. For instance, as a user comes to leam menu codes, she might be allowed to enter(E)
those codes without necessarily displaying a menu,i.e., those codes might also serve as commands.

2.2.2 17 Compatibility with User Expectations (Tier 2 General)

The results of any control entry should be compatible with user expectations, so that a change in
the state or value of r. controlled element is display-d in an expected or natural form.
COMMEh7: For example, a control entry of NEAT PAGE should show the next frame of a current display, andWien the completion of a
should not jump off to some other internally dermed *page' in the computer's data base.
control entry is indicated by a special fune: ion key, that key should be labeled ERlER (or some functionally

(D.E)
equivalent word) and should result in computer acknowledgment of the entry.

2.2.2 18 Distinctive Display of Control Information (Tier 2 General)

All displays should be designed so that features relevant to sequence control are distinctive in

position and/or format. COMMENT: Relevant fcatures irclude displayed options, command entry areas, prompit, advisory messages, and
(A E)

t,ther displayed items (titles, time signals, etc.) stose changes signal the results of control entries.

2.2.2 19 liighlighting Selected Data (Tier 2 - General)
When a user is performing an operation on some selected display item, that item should be

highlighted, COMMENT: "Ihis practice will help avoid error,if a user has misunderstood or perhaps forgotten which item was
selectett. (A.E)

2.2.2 20 Display of Operational Mode (Tier 2 - General)
When context for sequence control is established in terms of a defined operational mode, users

d should be reminded of the current mode and other pertinent information.
COMMENT: Fct example,if text is displayed in an e4 ting mode, then a caption might indicate EDIT as well as
the name of the displayed text; if a DELE'IE mode is selected for text e& ting then some funher displayed signal
should be provided. (A.E)

2.2.2 21 Upper and Lower Case Equivalent (Tier 2 - General)
For interpreting user composed control entries, upper and lower case letters should be treated as
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hi f ce

CohthEhi: Users fmd it difficult ac rememter whether upper or lower case leuers are required, and so t e nter aequivalent.
(E)

design should not try to make such a distinction.

(Tier 3 . Design Details) d

When users must log.on to a systrn, log on should be a separate procedure that is complete2.2.2 22 Log.on

before a user may select any operational options.
COhnfENT: (E)

2.2.2 23 Log.on Frame (Tier 3 Design Details)

The log on frame should appear as soon as possible on the display with no additional user
involvement.
COhihENT: (A)

2.2.2 24 Log.on Delays (Tier 3
Design Details)

Lop.on delays should be accompanied by an advisory message to tell the user status and when the
system will become available.
COhihENT: (A)

(Tier 3 Design Details)
Immediate Start of Productive WorkAfter completing the sign-on process, the user should be able to start productive work2.2.2 25

immediately.
COhnfENT: (A)

2.2.2 26 Log.off (Tier 3 - Design Details)
If there are pending actions and the user requests a log.off, the system should inform the user that
these actions w ll be lost.

i

COhBENT: (A)

Saving Open Files in Automatic Log off (Tier 3
Design Details)

Where possible,in the event of automatic log.off, open files should be saved to some defined file2.2.2 27

(E)name.
COhnENT: For etample by cceentenation of Ua:rs Name + Date.

2.2.2 28 Automatic Logoff (Tier 3 Design Details)
Interactive timesharing systems should allow some specified time between keyboard actions before
automatic log.off unless a longer period is requested by the user.
COhBENT: (A)

Audible Signal for Automatic Logoff (Tier 3
Design Details)

An audible signal should be presented at specific.d intervals prior to automatic log-off.-2.2.2 29

COhtMENT: (A)
(Tier 3 Design Details)

2.2.2 30 Appropriate Computer Response Time
' Die speed of computer response to user control entries should be appropriate to the transaction

For

COhSENT: In general, the resporue shou!J be faster for those transactions Med by s user to be simple.involved. d

cammple, computer response to a likely control entry, such as hT.XT PAGE. should be within 0.5 1.0 secon ;i 24

response to exher simpe entries should be within 2.0 seconds; ermr messages should be displayed with n -
seconds. (E)

2.2.2 31 Defining Context for Users (Tier 3
Design Details)

The sequence control software should be designed to maintain context for the user throughout the
series of transactions comprising a task. COMMENT: Where appropriate. the tuulu of pmvious entries affecting pmsent actiom should be d3 played, and
cunently avadable options indicated. (A.E)
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Context Established by Prior Entries (Tier 3 . Design Details)
The sequence control sof tware ::hould interp et current control actions in the context of previous2.2.2 32

entries and not require users to re-enter data. f
COhiMFRT: For example,if data have just been stored in a named file, users should be able to request a printout oi ould have
that file without having to re enter its name. If transactio.ts involving contextual interpretat on w
destructive ef fects (e.g., data deletion), sen the interpreted cornmand should be displayed first for user confirmadon.!

(AI)
2.2.2 33 Displayed Context (Tier 3 Design Details)

If the consequences of a control entry will differ depending upon context established by a prioraction, then some continuous indication of current context should be displayed for reference by thej

COhiMENT; For example,if activating a DELETE key establishes a mode, so that subsequent selection of a PAGEuser.

Ley will erase a page of data rather than simply advancing to display the next page, then some indication of(AI)
Om estabitshed DELETE mode should be displayed to the user. )

2.2.2 34 Hecord of Prior Entries (Tier 3 . Design Details) |

Users should t r permitted to request a summary of the results of prior encies to help determine,

present status. COMMENT; Summarizing pnar envies will te particularly helpfulin tasks where transaction sequences are!i r ay
va table, where a user must know what was done in order to decide what to do next. Summaruing pr or entnes n
not be needed for routine transactions if each step identifies its predecessors explicidy, although even in those(AI)
circumstances a user may be distracted and al least momentarily become confused.

2.2.2 35 Display of Control Parameters (Tier 3
Design Details)

Users should be allowed to review any control parameter (s) that is currently operative.A capability for parameter review is helpful even when a user selects all parameters personally. Users
<

will sometimes be forgetful, or may become confused, particularly if their activities are interrupted for any reason.COMhtENT:
t

I (AI)
2.2.2 36 Indicating Control Lockout (Tier 3 Design Details)\

11 control entries must be delayed pending computer processing of ptior entries, then the delay
should be indicated to the user.COMMENT: For example. If processing delay results in contml lockout, that could be signaled by disappearance of|

di
the cursor imm the display, or perhaps by a notable change in the shape of the cursor, accompanied by an au tory

signal. In some applicadons it may be desirable to ensure that the keyboard and other control devices areautomatically locked until the user can begin a new transaction. This would be true when pucessing the currenti
transaction will affeet the results of subsequmt user actions. In other applications,it may be possible to perm t users| d
to continue work while previous transactions are still being pmcessed. Deletion or change of a displaye
cursor in itself may not be a sufficient indicator of keyboard lockout. Auditory signals will be particularly helpful to
a skilled touch-rypist, who may not look at the display when transcribing de.ta entries. Following controllockout,

(E)
computer readmess to accept funher entries should be truficatal to the user.

2.2.2 37 Interrupt to End Control Lockout (Tier 3 Design Details)

In situations where contml luckout does occur, an auxiliary mean; of control entry should be

provided , such as a special function key, to abort a transaction causing extended lockout. COMMENT: Such an intemrpt capabihty will be especially heJpful if a user recognizes that an error has teen made
(E)and wants to stop an unneeded transaction, aning like an UNDO command.

j

2.2.2 38 Display Average System Response Time (Tier 3 - Design Details)
Average system response time,if affected by the number of on line users, should be displayed at!

i

time oflog on.
COMMEhT: This messae should not be in code but should contain specific information concerning current
response time and the periods when response tirne is rela:ivejy quick (e g., * Average response to simple commands
is 10 to l$ seconds (s); systan response ttme is usually 1 to 2 seconds between 1100 and 1200 and after 1600

,
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Control by Simultaneous Users (Tier 3
Design Details)

When several users must interact with the system simuhaneously, control entries by one user2.2.2 39
i t t made

should not interfere with those of another.COhiMEbrr: Tlus requires carciul interf ace design for applications where Joint, cocudinated act ons mus e
by a group of users. (A.E)

(Tier 3 Design Details)
Flexible Design for Sequence Control

When sequence control requirements may change, which is often the case, some means for the2.2.2 40 b
user (or a system administrator) to make necessary changes to control functions should e

id lines,

provided.COhthiDE Sequente control fun:tions that may need to te changed in:lude those repret.ented in these ru ei ethods for

namely, the imes of dalogue that are provided, procedures for transaction selecuon and nterrupt, m(E)
contex definition and error management, and alarm control.

2.2.2 41 liierarchical Levels (Tier 3
Design Details)

When hierarchicallevels are used control a process or sequer:ee, the number of levels should be
minimized.
COMMam (A)

1
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OPERATOR INPUT AND CONTROL2.0
2.2 Operator Dialogue
2.2.3 Transaction Selection

(Tier 2 Sequencing and
Organization and Labeling of Listed Options2.2.31 f

The general options list should show control entry options grouped, labeled and ordered in terms oGrouping)
h l guidelines for menu

their logical function, frequency and criticality of use, following t e genera
design.
COMMENT: (A.E)

Provide Further Available Action (Tier 2 - Consistency)
Transactions should never leave the user wimout further available action and should provide next2.2.3 2 .

steps or ahemativ es. (A)
COMMErTT: For etample,'Continuc*,"Abon*,'Go to Main directory", etc.

2.2.3 3 Consistent CONTINUE Option (Tier 2
Consistency)

At any step in a defined transaction sequence, if there is only a single appropriate next step, then a
consistent control option to continue to the next transaction should be provided .
COMMEbT: For example: CONTINUE or NEXT or STEP might be suitable narnes for this option. If data entryi l

is involved, then Users should be required to take an explicit ENTER action to signal data entry, rathet than s mp y
selecung CONTINUE. (A.E)

2.2.3 4 Displaying Option Codes (Tier 2 - Consistency)
When users must select options by code entry, the code associated with each option should be

displayed in a consistent and distinctive manner.COMMEh7: For example.in 'nany applications an equal sign can be used to designate option code <, ruch as N =
Next page P = Prev parc.etc. (E)

2.2.3 5 Consistent Order in Entry Stackirg (Tier 2 - Consistency)
For control entry stacking, entries should be required to be in the same order es they would
normally be made in a succession of separate control entry actions.
COMMENT: (E)

Standard Delimiter in Entry Stacking (Tier 2
Consistency)

If punctuation other than spaces is needed to separate entries in a stacked control entry, a single2.23 6
|
'

standard symbol should be used for that purpose,For example: A slash (/) may be a good choice. Whatever symbolis adopted as a de*1 miter forNote
contml entnes should preferably be the same as ray delimiter that might be used when making data entnes.COMMENT:

i l dlessi

that even when a sundard symbolis consistently used to punctuate sta ked entries, entry w ll be s ower an
'

accurate than if only spaces are used for punctuation. (A.E),

'

2.2.3 7 Task Oriented Wording for Options (Tier 2
Meaningfulness)

Task-oriented wording for contml options should be used to reflect the user's view of the current!

|

i
tansacuon.

|
COMMEhT: (A.E)

2.23 8 Computer processing constraints (Tier 2 Task Compatibility)
L

ne sequence of tmnsaction selection should generally be dictated by user choices and not by
'

, intemal computer pnseessing constraints.
!

COMMENT: (C)
|

Indicating Appropriate Control Options (Tier 2
Task Compatibility)

Users should be provided a list of the contml options that are specificaPy appropriate for any2.23 9

tansacuon.
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COMME?C: Transaction. specific opdons rnight be hsted in the working display if there is space for them. Control options that are available for

Otherwise. they might be displayed in an overlay window at user request.almost r.ny transaedon t.hould be treated as impheir opdons, which need not be included in a list o transa:t on.
f i

(AE)
specific opuons unless they are panicularly appropriate to the current trar

' n.

2.2.3 10 Prompting Control Entries (Tier 2 - Task Compatibility)
Users should be provided with whatever infonnatien may be needed to guide control entries at any
point in a transaction sequence, by incorporating prompts in a display and/or by providini, pmmpts
m response to requests for HELP.
COMMENT: (AI)

2.2.3 11 User Specified Transaction Timing (Tier 2
Task Compatibility)

When appropriate to task requirements, users should be allowed to specify transaction uming.
COMhEh*T: For example, when a requested transaction should start or should be completed, or the periodic
scheduling of repeated transacuans. In many applicadons users will wish specified transactions performed asli )
quickly as possible. In some appijcadons, however, users may have good reasons to delay initiation (or comp et onl
of transacuons. For example, a user might wish to specify that a requested data analysis routine be defened untiA user might prepare a
some later hour, to ensure that interur updates to the data will be taken into account.A user
number of messages for transmittal, but specify that actual transmission be deferred until a later time.b

might wish to specify thn a request for a large pnntout be defened to take advamage of reduw! ovemight rates, ut(A.E)
specify a pnntout deadline to ensure deihey by 0800 the next moming.

2.2.3 12 Options List / Prompting (Tier 2 - Memory Load)
In'ormation that the user needs to per:

orm transactions should be displayed, without burdening

shon :md long term memory.
COMMEtG: (A)

2.2.3 13 Minimize Mneumonics, Codes, etc. (Tier 2
Memory Load)

The requirement to leam mnemonics, codes, special or long sequences, and special instructions
should be minimized.
COhSTEtG: (A)

2.2.3 14 User Cout.ol in Transaction Selection (Tier 2 - Fledbility of Use)
Users should be allowed to select trar.sactions; computer processing constrai.m should not dictate

sequence control. COMMENT: For example, a user who wants to interrupt a current activity should not be required by the computerid
to complete some long sequence of useless transac* ions. When a logical sequem of transactions can be determ ne
in advan:c. interface design might encourage and help a iner to follow that sequerice, Guidance may be destrable
though constraint is not. (AI)

General List of Control Options (Tier 2 Flexibility of Use)
2.2.3 15
A general list of basic control options should be provided and always be available to serve as a
"home base" or consistent stamng point for control entries.
COh0 DENT: Return to this staning point can be accomplished by an OPTIONS function key, or by an explicit

every display. or by a generally svallable implicit option. Such a capability may be h:1pful evencontrol option
when all dialogue is us -initiated. It might be the general menu for a menu selection dialogue, or might be a

However a user should not be required to retum to a
standard staning point for composing command entries,
display of eneral options in order to make a contml entry. If a user remembess option codes or ccrnmands, ideally

S
those control entries could be made from any point in a transa: tion sepence. (AE)

2.2.3 16 Stacketl Control Entries (Tier 2 - Flexibility of Use)
Users should be allowed to key a sequence of commands or option codes as a single " stacked"
control entry.
COh04ENT. In ;urticular, users should be allowed to enter stacked entries from any menu so that an experiencedControl entry stackmg may
user can make any specific control entry without having to view subsequent menus.
be helpful when a user is being prompted to entar a series of parameter values, and knows what several mweding
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I Conuel entry sixting will permit a transition from simple step by.the entry of extended

prompts will request and wl.at values to entet.
step control entry by novice users, as in menu selecuon and question and answer dialoFuea, toli i shartd systems

command tanguage statements ty expenenced users; entry sixting is especiatly helpfu n t me.
(A.E)

where computer response to a.ny user entry may be slow.

User Definition of Macro Commands (Tier 2 - Flexibility of Use)
Users should be allowed to assig, a single name to a defined series of control entries, and then to2.2.3 17

use that named '' macro" for subsequent corr.nund entry. h h the

COMMENT: In this way usm csn make frequently required out compbcated taas easier to accompits . w en
interf ace designer has hited to antkipale a panicular need. ( A.E)

(Tier 2 General)
2.2.3 18 Only Available Options Offered
Only control options that are actually available for the canent transrction should be offered to

il bl ( any

COMMENT: If certain options are not yet irnplemented,as during system development,or are not ava a e cnusers.
(A.E)

other reason, those should be annotated on the display.

2.2.3 19 Indicating Control Defaults (Tier 2
General) d

When control is accomplished by keyed corrunand or option code entries and a dehult is define
f or a null control entry, the def ault should be indicated to the ter.Nm one transaction to another,

COMMENT: The point here is that when defaults are defined s,nd when tAaER to see more options.* If aP
then users should be inhnmed of the current default logic. For exarnple," rs.d d for each

consistent default is adopted throughout interface design, that def auh need not le explicitly in icateHere the phrase 'nuti cetrol entry" reim to pressing an ENTER key without first Leying a
it.hvidual transaction. i l ameters

command or option code (and without any accompanying data). It does not reier to defaulu Ior opt ona parl r request. It is not

that might accompany a valid control entry, whos: va!ues might be dz: played on y at snenecest.ary that any defaults te defined for null control enuies, in such ases, the enmputer might simp y respon
l d

" ENTER alone is not recognized here.* (A.E)

Cursor Placement for Pointing at Options (Tier 3 - Design Details)
When users will select among displayed options by pointing, the cursor t.hould be placed on the2.2.3 20

first (most likely) option at display generation.
COMhENT: (E)

(Tier 3 Design Details)
Cursor Placement for Keyed Entry of Options

When users must select options by keyed entry of a corresponding code, the cursor should be12.3 21

placed in the control entry area at display generation.
COMhENT: (E)

2.2.3 22 Abbreviation in Entry Stacking (Tier 3 - Design Details)
For control entry stacking, command names, their abbreviationt.or option codes should be
accepted just as if those control entnes had bexn made separately.
COMMENT: In some applicati0ns it might prove helpfulif the computer were to display its interpretation of a
steked entry for user review and confirmatica. (A.E)

Minimal Punctuation of Stacked Entries (Tier 3 .. Design Details)
Users should be allowed to stack contro. entries without any punctuation other than rpaces2.2.3 23

1

between words or option codes.
CCtWENT: (AE)

u

1
r
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OPERATOR INPUT AND CONTROL2.0
2.2 Operator DiWigue
2.2.4 Transaction Interrupts

User Interruption of Transactions (Tier 2 . Flexibility of Use)
Flexibility in sequence control should be provided by allowing a user to interrupt or cancel a2.2.4 1

current transaction, in ways appropriate to task requirernents.
COhihENT: (AI)

2.2.4 2 Distinctin Interrupt Options (Tier 2 General)

If different kinds of user interrupt are provided, each interrupt function should be designed as a
separate control option with a distinct name.COhihENT: As a negative example,it would not be good to have a single INTERRUPT Ley which has different
ef fects dependmg upon whether it is pushed once or twice: users would be confe+4J by such an cJ.p%ent and(AI)
uneenain about what action has oeen taken and its consequences.

2.2.4 3 User Transaction Interrupts (Tier 2 General)

User interrupts and abons should not rnodify or semove stored or entered data.
COMMEST: (A)

2.2.4 4 CANCEL Option (Tier 3 - Design Details)
If appropriate to sequence control, a CANCEL option should be provided which will have the
effect of erasing any changes just made by the user and restoring the current display to its previous

COMhENT: For example,in a sequence of retued data entries, on several display frames, CANCEL might crase(* clear *) data in the current frame as a convenient way to begin keying conected data, rather than having to crase exh
verston.

data item individually. (AE)

2.2.4 5 BACKUP Option (Tier 3 - Design Details)
If appropriate to sequence control, a nondestnictive BACKUP option should be provided which
will have the effect of returning to the display for the last previous transactiore.
COMhEh7: For example,in a eequence of related data entries, on several display frames, B ACKUP might returnid ll Such a

to the previous frame, where data items could then be erased by CANCEL or could be edited indiv ua y.B ACKUP capabibry will prove feasible only in the software design of well dermed transaction pequences, but will
prove helpful when it can be provided. (AS)

2.2.4 6 REVIEW Option (Tier 3 Design Details)

If appropriate to sequence control, a nondestructive REVIEW option should be provided whichwill have the effect of retuming to the first display in a defined transaction sequence, pemumng the
user to review a Fe')uence of entries and make im.wy changes.
COMMENT: For exa'nple, in a sequence of related data entries, on several dispisy frames, REVIEW might return to
the first frame, fnxn which data could be reviewed and adited as needed throughoat the sequence of frames.
REVIEW is an exteMion of the B ACKUP capabibry,anu is useful only in well defmed transaction sequences such

(AI)as step-by step da'a entry in a question-and answer dialogue.

2.2.4 7 RESTART Option (Tier 3 Design Details)

If appropriate to sequence control, a RESTART option should be provided which will have the
effect of canceling any entries that may have been made in a defined transaction sequence and

,

:

returning to the beghning of the sequence.COMhENT: For example,in a sequence of related data entries, on several display frames, RESTART might crase
all data entnes in the sequence and return to the first frame. When data entries or changes will be nullifted by aA RESTART action combines the
RESTART action, users should be required to CONFIRM the RESTART.! (AI)

| functions of REVIEW ard CANCEL, and is relevant only to well defmed trattsaction sequences.'

2.2.48 END Option (Tier 3 Design Details)
.
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If appropsiate to sequence conuol, an END option should be provided which will have the effect
of concluding a repetiuve transaction sequence.COhtMENT: For example,in a repeuuve sequerice of data entnes, where completing one tranwuon tyc es

l

l th transacuons.
automattally to begin the next, END rrurht break the cycle and permit the user to se ect o er
(AI)

PAUSE and CONTINUE Options (Tier 3 . Design Details)
11 appropnate to sequence control, PAUSE and CONTINUE options should be provided which2.2.4 9

ih hange to
will have the effect of intenupting and later resuming a transacdon sequence w t out any c

data entries or control logic for the interrupted transacuan. COMMENT: For exar ple, a user might wish to interrupt a current task to read an incoming message. Or,in t e
h

i bi
interests of data protection, as a *secunty pause *, a itser miF t wish to blank a current disptay to prevent ts e ngh

remi by some casual vmtor. (AE)

2.2.4 10 Indicating PAUSE Status (Tier 3 - Design Details)
If a PAUSE opuon is provided, some indicauon of the PAUSE status should be displayedh ill permit
whenever that option is selected by a user, and prompt the CONTINUE action t at w
resumpuon of the intenupted transaction.
LOMMENT: ( AI)

2.2.4 11 SU$ PEND Option (Tier 3 Desit;n Details)

effeet of preserving cunent transaction status when a user leaves tie system, and pennittingIf appropriate to sequence control, a SUSPEND option should be provided which will have the
resumption at that point when the user taar logs back onto the synem. COMMENT: In the interests of data protection, a SUSPEND option might require special user identification(AI)
prtredures at subsequent log-on, to prevent unauthorned areess to suspended transactions.

2.2.4 12 Indicating SUSPEND Status (Tier 3
Design Details)

If a SUSPEND opdon is provided, some indication of the SUSPEND status should be displayed
whenever that option is selected by a user, and at subsequent log on prompt the use in those
procedures that will permit resumption of the suspended tnmmetion.
COMMENT: (AI) L

|
f
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CPER ATGu INPUT AND CONTROL2.0
2.2 Operator Dialogue
2.2.5 Transaction Dialogue

'

2 2.2.5.1 Command Language

(Tier 2 Sequencing and Grouping)
2.2.5.11 Layered Command Language
A command lanFuage should be designed so that its func*. ions are organiaed in groups (or " layers")
for case in learntng and use.COhniEb7: For example, a user should be able to dispby the next of a set of received messages with some simplel
command su:h as IEAD NEA*T.ahhough a compkte cornmand to retrie"e any message rnight include potenua

specifi:ation of which rnessage, from which message Lst in which format, to which output device. TheIundamentallayer of the language should be the easiest, allowing use of the system by people with httle trainingih
and/or hmited neals. Su;cessive byers of the command language can then increase in compleaity Ior users w t
greater stills. In effect sunple versions of commands can be recognized by defauhing all of the optional parameters.(A.CE)
Control foam impht be used to display defauh opuons for comph;ated commands.

2.2.5.1 2 General List of Commands (Tier 2
Consistency)

A generallist of basic commands, with appropriate command fctmat guidance, shoitld be providedi

to serve as a "home base" or consistent stamng point for composing command entr es. COMMENT. Such a general hst of commands rnight provide rncre comprehensive user guidance than is possible
(AI)when promptmg comtnand entry fram a worbng d splay.

Standard Display Area for Command Entry (Tier 2
Consistency)

When command language is used for sequence control, a command entry area in a consistent2.2.5.13

location should be provided on every display, preferably at the tuttom.COhthtENT: Adpcent to the command entry area there should be a display window reserved for prompung entries,
for recaphulabon of command requences (with scrolhng to permit extended review). and to mediate question and.

(A.CI)answer d alogue sequences G.e., prompts and responses to yrompts).

2.2.5.14 Consistent Wording of Commands (Tier 2
Consistency)

All words in a command language, and their abbreviations, should be consistent in meaning from
one transaction to another, and from one task to another.As a negative example, EDIT should not be used in one place, MODIFY in another UPDNIE in af ll i naturalCOMMENT:
third, all relernns to the same kind of action. Commands should be congruent with one arother, o ow ng
language partems; if one command is UP,its complernent should be DOWN; other natural complements include(A.CI)
RJGliT LEFT. FORW ARD B ACE. IN.OUT, PUSEPULL. RAISE. LOWER. er .

i

2.2.5.1 5 Standard Techniques for Command Editing (Tier 2 - Consistency)
Users should be allowed to edit erroneous commands with the same techniques that are employed
to edit data entries. (A.CE)
COMMENT: Consistent edning techniques wi!! speed leanung and reduce ermrs.

2.2.5.1-6 Familiar Wording (Tier 2 Meaningfulness)
Words for a command language should reflect the user's point of view, and correspond to the

user's operational language. COMMENT: For example, to transfer a file, the assigned conunand should be something like TRANSFER,
MOVE. or SF'TD, and not some jargon term like PIP. (CE)

2.2.5.1 7 Meaningful Command Names (Tier 2 Meaningfulness)

Command names should be meamngful, and specifically describe the functions being
|

implemented. COMMENT: Functions should not be arbitrarily assigned letters as command names. e.g., the letter D preceded by|
,

| a special key such as CONTPOL might be a LOG OFF commarsi. In such cases, when command names are notIf users are
ital words that describe system iunctions, users will have difficulty leammg to use the system.
pmiuned to enter abtuviations ruher than complete command names users should be able to detemune the
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rbitrary c4de. For

comtnand riame represented by the abbrevtauon. Otherwise, a shon abbrevtation may sect's an aimtance, a prompt tropht read '70 Dfirm a record, enter D* nuher dian *To era'e a remd, enterD? E)

l'unctional Wording (Tier 2 Meaningfulness) d
A command language should be designed so that a user can enter commands in tenns of func ons2.2.5.1.H

desired, without concem for intemal computer data processing, storage ana retrieval mechanisms.I ht
COMMA'T: Tm example, users should te able to request display of a data fde by name alone, without any un eidentifiers. the

specif : anon such as usat file's locauon in computer storare. Where file names are not uruquei Or rerhaps the

cornputer f.hould be programmed to determine whatever funher contest is necessary for identiheat on. computer should ad the user to designate a *duectory* defmir.g the subset of fil;s of current interest.E)

2.25.19 Guidance Inforination (Tier 2
Memory Load)

Users should be able to request guidance information necessary to determine recuired parametersd

at options in a command entry, or to d:termine available options for an appropriate comman .
COh1ME'T: (C)

2.2.5.1 10 Command Language (Tier 1 Usc)

Command language dialogues should be used for tasks involving a wide range of control entries,
where users may be highly trained and will use the system frequently,COhiMENT: Command language snould risc be employed for tasks where control entries may be mixed with data
entries in arbitrary r.cquence. G)

2.2.5.1 11 Minimal l'unctuation (Tier 2 * Flexibility of Use)
Users should be allowed to enter commands without any punctuation otner than the spaces'

COMMai: Command entry will te f aster and more accurate when spces are used rather then any od.er kmd ofbetween words.

punctuation ( A.CI)

2.2.5.1 12 Abbreviation of Commands (Tier 2
Flexibility of Use)

Users should be allowed to abbreviate comtnands.C0MMENT: For example,if a *P* uruquely identifies a print command (i.e., no other commands stan with *P*)Asa
then a user should be able to enter PP. INT, or PR, or P, or any other truncation to initiate trnnung.
corollary, misspelled command entries t.hould also be tolerated, within the bmits of computer recognition. The(A,CI)
computer can ir1ertopte a user as necessary to resolve ambiguous entries.

2.2.5.1 13 Recognizing Command Synonyms (Tier 2 - Flexibility of Usc)
The computer should recognize a variety of synonyms for each word defined in the command
COMMai: For clample, the words *mai!*,' post *, and * transmit * might be accepted synony*ns for the commandlanguage.

* send *. What synonyrns 6:rt frequently ernployed can be determined by analysis of user error recortis in prototypeFor those users, time

testing, Intrequer.t users may need to releam command names exh ume they use the system.1dorn use those commands. E)
soent teaming commands is tot worthwhile considering that thy wit! 6.:

2.2.5.1 14 User-Assigned Command Names (Tier 2 Flexibility of Use)

A command language should have flexibility to permit a user to assign personal names to files,
frequendy used commands, etc.

COMMB7: Frequendy used commards should be easy for a itscr to enter. For users who must move back andforth between different systems with diff erently deftrad command languages, some flealbihty in command namingll d d pt their

will Iw: mit thnse users to estabhsh their own consistent terminology. Before users can te a owe to a oown ani ned command names, thr computer must check those names to prevent dupheation. A potential risk of
F ified for commands and data

tncreased flexibihty is in:reased confusion,if users forget what narnes they have gec
files. Tie computre should maintam a cunent indes of canmand and file names for on line user referencs:. E)

2.2.5.1 15 Command Stacking (Tier 2
Flexibility of Use)

Users should be allowed to key a series of commands at one time (" command stacking").COMMm7: 'lhis practice will rDw experienced usus u,by, pass prompdng sequerces. Cominand sta: ting will
,
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h separate entry of

reduce the extended memory load on users. Command stxting may also be much faster t an(E)
commands. in systems v here input / output processing is overloaded by muldple users.

(Tier 2 . Flexibility of Use) _ )

User Definition of Macro CommandsUsers should be allowed to assign a single name to a defined series of comnunds and then use that2.2.5.1 16

named " macro" for subsequent command entry.COMhEN7; in this way users can rnake a frequent but compli ated task easier to ecomplish, when the nter ace
i f

(CE)
designer has Iailed to anu;ipate that parti:ular need.

(Tier 2 Flexibility of Use)
2.2.5.1 17 User.Requr sd Prompts

Users should be allowed to request computer generated promats as necessary to detennineregtdred parameters in a command entry, or to detennine avaiable options foi ari appropr ate nexi t

d i

COMMENT: For example, using a HELP function key. or perhaps simply keying a question mark in the commancommand.
(CE)

entry area. would be satisfetory methods to request prompting.

2.2.5.1 18 Replacing Erroneous Commands (Tier 2 . Error Handling)
If a user makes a command entry estor, aft t the error message has been displayed the user should
be allowed to enter a new command.

In considering a

COhiMENT: A user should not be forced to correct and complete an erroneous comtnand. command entry error rnessage, a user may decid- that the wrong command was chosen in de fim p re,! and wish to

subsutute another command instead. (E)

2.2.5.1 10 Corrteting Command Entry Errors (Tier 2. Error Handling)
If a command entry is not recognir4d, the user should be allowed to revise the command rather
than rejecting the command outright. Misstated commands should not siinply be rejected. Instead, Sohware logic should guide users toward
COMMEhi:
proper command formuladon. (AI)

2.2.5.1 20 Reviewing Destructive Commands (Tier 2
Error H:nd!ing)

If a command entry may have disruptive consequences, the user should be required to review and
confum a displayed interpretation of the command before it is executed.
COhDEh7: ( A CI)

2.2.5.1 21 Distinctive Meaning for C9.nmands (Tier 2
General) .

Words in a conunand language thould te Abdnetive from one another, and emphasize significant

COhiMENT: In reneral, commands should not have semanticauy similar names, such as PJM and COUNT, ordifferences in function.
,

ERASE and DELE'IE or QUIT andIATT.
(CE)

2.2.5.1 22 Interpreting Misspelled Commands (Tier 2 e General)
Where the set of potendal command entries is well dermed, the computer should recognize and
execute common mis *:pellings of commands, rathu than requiring re-entry.
COMMENT: (E)

User Definition of Macro Comrtands (Tier 2
General)

The programmmg should not accept a user desipated macro name that is the same as an existing2.2.5.1 23

command name.
COMMENT: (C)

Distinctive Spelling for Commands (Tier 3
Design Details)

Words and abbreviations in a command language should have distinctive spelling, so that cimple2.2.5.1 24

spelling errorr. will be recognized as such rather than invoking a different command. COMMENT: As a negative example,if one command name is DELETE, abbrwiated DEL.then another commandldbe substituted for DELETE.r

thould not be named DELFET sith an abbreviation of DELR. Instead. ERASE couWhen a syvein has only a few commands, all of thme commands shodd be distin:tive.|

or SEND for DELIVER. '
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In that ec,it is

Wheti a system has many commands, it may not le passible to ensure that cach is distincuve.innportam to er.sure that any commands which are destructive or time-consuming are made dist ret ve.
'

i i (E)

(Tier 3 Design Details)
2.2.5.1 25 Hecogniting Alternative Syntax
The computer should recognize probable attemative forms of command syntax,h

COhihiENT: Fct example, the computer might accept alternative methods of specifying a document, suc asli and

* memo 3*, * memo 3* , or simply *3*; users might te allowed to use different punctuation and/or to st comm
modifiersin diflexent orden. (E)

2.2.5.1 26 Standard Delimiter (Tier 3
Design Details)

if cornmand punctuation other than spaces is required, a single standard delimiter symbol should
COMhENT: Ccmmand punctuation other than spaces may be reired as a delimiter to distinfuish optionalbe used for that purpose.

For example, a slash (/) might be a good choice.

paameters, or to separate entnes in a stacked command.Whalever symbolis adopted as a delimiter for command entries should preferably 14 the same as any delimiter t a
ht

ifi d for-

might t>e used when making data entrier. Note, however, that even if some single delimiter is spec econsistent use in command punctuation, command entry win te slower and less accurate than i no e mf d li iter at au

were recuired. (E)
(Tier 3 Design Details)

2.2.5.1 27 lanoring Illanks in Command Entry
Sinyle and mu ,tiple blanks between words should be treated as equivalent when processing
COhiMENT: People cannot readily distinguish one blank space from several, and so the computer should notcommand entries.

impose such a distinction. (A.E)

(Tier 3 Design Details) ,

Graphic Examples in Guidance Information
Where possible, guidance information should be accompanied with graphic examples of command2.2.5.1 28

content and synta.
COMhiEifT: (C) .
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OPDIATOft INPUT AND CONTitOL2.0
2.2 Operator Dialogue

Transaction Dialogue
Direct Manipulation / Graphic Interaction2.2.5

2.2.5.2

2.2.5.21 Direct Manipulation (Tier 1
Use)

A capability for direct manipulation of displayed objects should be provided as a means of
COhihEh7: For eaample.rather than compose a command or select a fun: tion key to file a document a usersequence control. ti g a file, in
might move a displayed icon representing the document to sup.rimpose h on another icon represen nd b cts would be sitnilar
sequente control by direct manipulation, the techniques for selecting and moving displaye o jean extension of this idea is the use of' embedded menus * in

y to indicate that they can be selected toto those describcd in guidelines f or graphic data entry.i
which various items within a working dtsplay are hig' lighted n some wa
obtam funhet information. (D.E)

(Tier 1 Use)
When to Use Direct Manipulation

Direct manipulation should be used primarily in tasks with actions and objects that lend themselves2.2.S.22
d b modified for the

to pictographic representation and in which the actions and objects nee not e
successf ul interpretation of the command by the system.
COhihEh7: (D)

(Tier 1 Use)
Fast Computer itesponse with Direct Manipulation

Direc. manipulation should be used when the computer respons: is relatively fast.2.2.5.23

COsthiEh7: (D)

2.2.5.24 Supplementary Verbal Labels

If icons are used to represent control actions in menus, a verballabel should be displayed with each(Tier 2. MeWngfulness)

will be understood.
icon to help assure that its intended meanb aA redundant verbal laid might help make the meaning clear to a user who is un:crtain just what a
COhihEh7:
displayed icon means. (C.E)

2.2.5.2 5 Highlighting the Selected Item (Tier 2
Feedback)

Selection of an icon, menu, or application specific capability from a function area sht.ad be
acknowledged by highlighting the selected item.
COMhEh7: (D)

Feedback for Manipulation of an Icon (Tier 2 - Feedback)
If the completion of the action commanded by manipulation of an icon has a result that is visible to2.2.5.L6 dd i

the user, feedback should be communicated by the completion of the comman e act on.COhihfEN7: If the completion of the command has no visible resuh. fcedback should be communicated by a
message. (D)

Commands that Cannot be Completed (Tier 2
Feedback)

The system should acknowledge a command that cannot be completed by a message indicating non-2.2.5.2-7

completion of the command and an pppropriate error message.
COhihENT: (D)

(Tier 2 - General)2.2.5.28 Graphic Display of Control Context
Graphic means for displaying to users the context of cunent control actions should be provided.
COhihEN7: For example, a graphic representation of the eunently selected values of funesions, elements andi i ht be
attributes affecting contml actions might heJp reduce user errors in sequence control. Graphi: techn ques m gf display

used to display the scope of a troposed control action, such as outlining a passage of text (or other group o
elements) cuntntly selected for deletion. (E)
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(Tier 2 . General)Graphic Display of Control Prompting

;

Graphic means should be provided for displaying tu users prompting aids and other guidarce2.2.5.29

pertaining to current control actions.COhiMENT: For example, a f uidance display groviaing a graphi: representa1!sn of keypad layout v ith notes!bl if cuan
explairung the various key functions might help a novt.e user to leam the control opuons availa e v a un

,

d s in

keys. A graphic reptcsentation of logir.a1 combb.aisons specined m query fonnuMon mignt help re uce error1

the use of query language. (E)

2.2.5.2 10 Selecting and Dragging (Tier 2 General)

The system should use two principal direct manipulatior. actions: selecting and dragging.COhih!Eb7: Selecting should involve two steps:(1) indicating the object or actior .o be selected (e.g., moving ad its -

pointing cursor or other follower to an Mon or function areal and (2) indicanng to !!.e systein that the icon af,( g

anociated function are required through the performance of a specific, well-dermed . ele:00n a: don by the user e. ., Dragging should involve moving a selected icon or the cursor, Moving
*chtking' a cursor contml oevice button), i Non devices. (D)
the cursor or dragg.ng an ::en can be secomplished by any of several curso man pu

2.2.5.2 11 Consequences of Dragging (Tier 2 . General)
The consequences of dragging should be contingent on the nature of the object that is dragged and
where the objec' is pl ced at the termination of dragging.

COhihiEh7: For esample. dragging a data file leon to a ' statistics' icon might cause the data to be analyzed: Dragging the file icon to a disk icon trJght copy the file into thal disk; Dragging an i;on to an unoccupied portion
(D)

of the screen might sirnply move the icon and has no effect on the object.
(Tier 2 -

Other Primary Features of Direct Manipulation Dialogue2.2.5.2 12

In addition to using icons to represent objects and actions, other primary features of the directGeneral)

manipulation dialogue should melude (1) windows f or containing the data files, (2) menus for
addiuonal objects and actions that are not easily re; resented by pictographic icons.
COhthEh7: (D)

2.2.5.2 13 Opening an Icon (Tier 3 Design Details)

A user should be able to open an icon with a single unique action.
COhthEh7: E.g., pressing on a spectfic button of a cursor control device or a double cli:t on the cursor control(D)

A ' double click" is defined by two clicks within 700 ms of cam otner.)-
device bunon. Note:

2.2.5.2 14 Size of Icons (Tier 3 Design Details)
Items on the screen that are selectable should be a minimum of 5 mm on a side and separated by at
least 3 nun.
COhihENT: (D)

i
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OPERATOR INPUT AND CONTROL |2.0

2.2 Operator Dialo1ue '

2.2.5 Transaction Dialogue

2.2.5.3 Forms !

2.2.5.3 1 Form Filling for Data Entry (Tier 1
Use)

Form filling should t,e used for tasks wher: some flexibility in data entry is needed, such as the
inclusion of optional as well as required items. and/or where computer response may be slow.

,

COMhEfC: (CE)

2.2.5.3 2 Form Filling for Control Entry (Tier 1
Use)

Form filling should be provided as an aid for camposing complex control entries.COhihiENT: For example. tor a complex date retrieval request, a displayed form might indicate the various control

i h ious format

parameters that could be specified. For a print request, a displayed form might help a user nvcte t e m
controls that are available. (CI)

2.2.5.3 3 Defaults for Control Entry (Tier 1 Use)

Form fillini, should be used as a means of displaying default values for the parameters in complex
COMMENT: Default parameten permit users to compose potentially complicated control entries by relatively

-

control entries.
i r to

simple actions, if defaults have teen defined. they should be indicated to users. A displayed form perm ts a used

review (and cordirm or change) default comrol values,just as a user might review displayed defaults for ata entry.When only a few contn! parametens are involved,it may be feasible simply to prompt usen with guidance messages
rather than by displaying a control form. (AI)

2.2.5.34 Consistent Formkt for Control Forms (Tier 2
Consistency)

Forms for control enuy should be consistent in fonnat; their design should generally conform to
guidelines for the design of data entry forms.

;

COhiMENT: (A.CI)

1

;
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OPERATOR INPUT AND CONTROL2.0
2.2 Operator Dialogue
2.2.5 Transacion Dialogue
2.2.5.4 Function Keys

(Tier 1 Use)
Function Keys for Critical Control Entries

Function keys should be provided for tasks requiring only a limite ; number of control entries, orfor use in conjunction widi other dialogue types as a ready means of accomplishing critical entries
2.2.5.4 1

that rnust be made quickly without syntax ernr.

COMMENT: (A.D.E)
(Tier 1 Use)

Function Keys ior Frequent Control Entries*

Function keys should be provided for frequently required control entries.2.2.5.42 PREV PAGE, ~

COMMENT: For esample, commonly used function keys include ENTEP, PRINT, NEXT PAGE.Of710NS, etc. When trequently used opti9ns are always available via function keys, they need not be inc u elddin

displawyt menus. (A.D.E)
(Tier 1 Usc)

Function Keys for Interim Control Entries
Function keys should be provided for interim control entries, i.e., for control actions taken beivre2.2.5.4 3

f
the completion of a transac' ion. COMMENT: For example, function keys will aid such imetim actions as DTITO, CONFIRM. and requests orInterim control refen to an action taken
PRhi, or IIELP. an * also intenupts such as B ACKUP. CANCEL, etc. k ill

by a user while workir.g with displayed data. e.g., while still keying data entries or changes, etc. Function eys w(E)
aid intenm control emnes partly because those entries may be frequent.

(Tier 2 . Sequencing and Grouping)
Function keys should be grouped in distinctive locations on the keyboard to facilitate their learning2.2.5.4 4 Distinctive Location
and use; fr quently used function keys should be placed in the most convenient locations.
COMMENT: (A.E)

2.2.5.4 5 Layout Compatible with Use (Tier 2 . Sequencing and Grouping)
The layout of function keys should be compatible with their importance. COMMENT: Keys for emergercy functions should be given a pmminec.; position and distinctive coding (e.g., size(A.E)
and/or color); physical protection should be provided for keys with potentially disnrptive consequences

Concistent Assignment of Function Keys (Tier 2 Consistency) d to
i h ld be resigne

.gned to a particular key in one transaction, that funct on s ou2.2.5.46
If a function it .

the same key in uuter tnuisactions. COMMENT: For example, a S AVE key should perfonn the same funce"m at any point in a transaction sequence.
(D.E) (Tier 2 -

Consistent Functions in Different Operational Modes
2.2.5.4 7

|
Consistency) key performs diffennt functions in different op . rational modes, equivalent or|
When a function
similar functiens should be assigned to the same key.
COMMENT: For example, a particular kcy trtight be used to confam data thanges in one mode, confirm messageAs a negative example. s key labeled RESET should not be used to save data in one
transmission in another, etc. (A.E)
mode, dump data in another, and signal task completion in a third.

Consistent Logic for Double Keying (Tier 2 - Consistency)
If double (control / shift) keying is used, the logical relation between shifted and unshif ted functions2.2.5.4 8!

| should be consistent from one key to another.
COMMENT: Consisteney in the underlying logic for double keying will help a user to learn the functions

'

f d functions are
asr.ociated with different keys. For example, one consistent logic might be that shihed ard unshi te
opposite, so that if a particular key mow.s the cunor forwant then that key when shifted would move the cursor

.
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Anmhet possible logie might be that shifted and ut.shihed functioru are related by degree. so that if ad (AI)

parucular key deletes a single displayed character then that key when shined would delete a wor .backward.

Feedback for Function Key Activation (Tier 2 - Feedback)
When function key activation does 1.01 result in any immediately observable natural response, users2.2.5.4 9 l

should be provided with some other form of computer acknowledgment. |

COMhENT: Temporary illumination of the function key will suffice, if key illumination is not used for otherI
d (AI)

purposes su:h as indacating available opdons. Otherwise r.n advisory message should be displaye .
2.2.5.4 10 Indicating Active Function Keys (Tier 2 - Feedback)
If some function ke', s are active and some are not, the current subset of active keys should be
indicated in some noticeable way, sue as by brighter illumination.E)
COhSENT: This practice will speed user selecuon of function keys.

(Tier 2 Feedback)
2.2.5A 11 Multiple Presses of Function Key
Pressing a function key in a sequence of key presses unrelated to the function should result in a
message asking the user if he or she meant to select that function.I should not result in the action normally produced by the key until the user responds posit ve y oi lt

COhihENT: t
the quesuo . (D)

(Tier 2 General)
2.2.5 A .12 Single Key for Continuous Functions
When a fun: tion is continuously available, that funr. ion should be assigned to a single key.
COhihENT: (AI)

Single Keying for Frequent Functions (Tier 2
General)

Keys controlling frequently used functions should permit single key action and should not require2.2.5.4 13

double (control /shi't) keying.
COhihENT: (A.D.E)

(Tier 2 - General)Log! cal Pairing of Double. Keyed Functions
If double (control / shift) keying is used, the fun:tions paired on one key should be logically related.2.2.5.4 14

COhihENT: For example.if a panicular function ke,' moves the cursor to the upper left comer of a display screen,fh en. As a

then that same key when shifted might le used to moi e tie cursor to the bouorn right comer o t e scre
neganve example, a function key that moves the cursor should not be used when shifted to delete displayed data.
(AI)

Distinctive Labeling of Function Keys (Tier 3
Design Details)

Each function key should be labeled informatively to designate the function it performs; labels2.2.5.4 15

should be sufficiently differr nt from one another to prevent user confusion.COMMEh7: As a negative example of confusingly cimilar labeling, two keys should not be labeled ON and DN.
(DE)

2.2.5.4 16 Labeling Multifunction Keys (Tier 3 - Design Details)
If a key is used for more than one function, the function currently available should always be
indicated to the user.COMhEN7: if a key is used for just two fanctions, dependmg upon defined operational mode, then alternate
illuminated labels might be provided on the key to indicate which fu3ction is cuntra. In those circumstanets,it is
preietable that only the cunently available function is visible, so that the labels ori a group of keys will show wha:
can be done at any point. If key function is specsfic to a particular trensaction, an appropnate guidance message on(h)
the t sets display should te provided to indicate the current function.

2.2.5.4-17 Easy Return to Base-Level Functions (T er 3
Design Details)

If the functions assigned to a set of keys change as a result of tu er selection,the user should be
provided with an easy means to retum to the initial, base-level f unctions.
COMhEh7: In effect, multifunction keys can prowde hierarchic levels rei options much like menu selectiondialogues, with the same need for rapid retum to the lughest-level merm. For some applications,it may be desirable
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cur immediately on completion of a
k

to automate the retum to base level assignment of multifun con eys,to oci (A.E)
transaction and/or by time-out following a period of user inact on.

(Tier 3 Design Details)
Disabling Unneeded Function Keys disabled

When function keys are not needed for any current transaction, they should be temporarily2.2.5.4 18 l for this
under computer control; users should not be reouired to apply rnechanical over ays

d h ld res alt

COMMENT: If a user sciects a fun: tion key that is invalid for the current transaedon, no ac on s oupurpose.
it (E)

except display of an advisory message inicating what funcuons are available at that re n .

Page 70
Section 2.0 Operator input and Control

.. __



- ._ _ - . _ _ . . _ - . ._ _ .._ - . . . _ . , . - _ _ . . ._ _ _ . _ . . . _ _ - - _ . _

* .

OPERATOR INPUT AND CONTROL2.0
2.2 Operator Dialogue '

Transaction Jialogue
2.2.5 Macros and Programmable Function Keys
2.2.5.5

2.2.5.5 1 Communication Among Users About Macros (Tier 2 - .

Users who have macros and/or programmable function keys should be provided with informationMeaningfulness)

that aids communication.COhnENT: For example, a list of the rnacro names and furetions that they could make available to other users
with whom they will communicate. (D)

(Tier 2 -
Restricting User Definable Macros and Programmable Keys2.2.5.52

Task Compatibility)The use of user definable macros and programmable function keys should be restricted.
The advantages may outweigh the disadvantages for some tasks (e.g., software development ori h the

,

modifcation) whereas for other tasks (e.g., application specific software) the disadvantages may outwe gC Ohth h 7:
,

i

advantages. (D)
(Tier 2 . General)User Restricted Modifying of Def' ed Macros

'

m

A user should be restricted from modifying a macro or programmable function key as defined by a2.2.5.5 3

different originating user.
Cohn s T: -(D)

2.2.5.54 No Duplication of Macro Names (Tier 2 General)

Users should not be allowed to duplicate macro names; an error message should be provided to the
user when he or she attempts to have a macro with a previously-used name.
COhn{ENT: (D)

2.2.5.55 Index of Macros (Tier 3
Design Details)

Users should have access to an index of their macros and programmable function keys with their
respective composition of commands.
COhn!ENT: (D)

?

.

^
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OPERATOR INPUT AND CONTROL2.0
2.2 Operator Dialogue
2.2.5 Transaction Dialogue
2.2.5,6 Menu Selection

2.2.5.6 1 Menu Selection (Tier 1 Use)
Menu selection should be used for tasks that involve choice among a constrained set of alternative
actions, that require little entry of arbitrary data, where users may have little training, and where
computer response is relatively fast.}-or exam . displayed menus are commonly used for function selection in text processing,in
COhihiEh7: l t ing

fraphic intent: tion, and a multitude of other appheadons. Menus should be used when users have uti e at no yplengthy menus are often formatted as
skills. Menus should te used when the system has a hmited keyboard,
separate deplays. Task-specifi: menus, however, can sometimes be incorporated effectively along with dataMenu selection is, of course. a generally goM
dirptays, to provide a shon bst of appropriate control options.means f or control entry by untrained users. Menus can be used in conjun: tion with other dia''gue types, epen

d dig,

upon task requirements. (B.C.DI)

2.2.5.62 Menu Selection by Keyd Entry (Tier 1 Use)

When menu selection is a secondary (occasionaD meam of control entry, and/or only shon option

lists are needed, then selection by keyed entry should be provided.An opuon might be selected by keymg an associated code which is included tn the duplayed meno
luting. Aherr"uively,if menu labels can be disp'ayed near a screen margin, then an option might be selected byCOhihENT:

pressing an adja cnt multifunction key. (AI)

2.2.5.6 3 Explicit Option Display (Tier 1 - Use)
When control entries for any particular transaction will be selected from a small set of options,ii

those options should be displayed in a menu added to the working display, rather than requ r ng a
user to remember them or to access a separate menu duplay.

A complete display of contml options will sornetirnes leave liule room for display of data. If anCOMhEh7:
extensive menu must be added to a working data display, provide that menu as a separate window that can(AI)
tempon.rily overlay displayed data at user request, but can then be omiued egain by funher user accon.

No One Menu Item Menus (Tier 1 - Use)
'

2.2.5.6-4
Menus should not be used in cases where there is only one menu item.
COhihEh7: The use of menus for two menu items should be avoided in most cases. Methods other than menu(D)
selecuon for the input of one of two items are available (e,g., dialogue boxes).

2.2.5.6 5 Systematic Organlution of items on Menu Bar (Tier 2
Screen

Organization)
The categories listed across the menu bar should be organized systematically.
COMhEh7: For eaample, the categories on the left Hde of the menu bar might be system functions that apply
across all (cr moso applications The categones on the right side of the menu har might be those that are specific toific categories
the currently.a:uve application. Within this general spanal layout. bot 5 the system 4ide and spec
would be ordered from left - the category containing the most frequently used actions - to right - the category
containing the least frequently used (D)

2.2.5.66 Logical Ordering of Menu Options (Tier 2 - Sequencing and
Grouping)

Menu options should be displayed in a logical order.COMhEh7: If no logical structure is spparent. then the options should be displayed in order of their expected
irequency of use,with the most frequentlisted fzrst (A.C.D.E)

2.2.5.6 7 Logical Grouping of Menu Options (Tier 2 - Sequencing and
,

Grouping)A menu should indicate logically related groups of options, rather than an undifferentiated stdng
IPage 72
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COMMENT: For example,in venical hsting of options, subordinate categories midi, te indente . ,og caof alternatives. i es a trade off

grouping of menu options will help users leam system capabilities. When logical grouping requ ragainst espected frequency of use, that trade-off should te resolved consistently lar those funct ons
throughout the

'ienu structure. (A.CI)
(Tier 2 Sequencing and

Logical Ordering of Grouped Optior.s2.2.5,68

If menu options are grouped in logical subunits, those poups should be displayed in a logicalGrouping) d

order, if no logical structure is apparent, then display the poups in the order of their expecte
frequency of use.
COhBENT: (AI)

Standard Arca for Code Entry (Tier 2
Consistency)

When menu selection is accomplished by code entry, a atrndard command entry area (window)should be provided where users enter the selected code; that entry area should be in a fixed locat on
2.2.5.69 i

d

COMMENT: In a customary terminal configurnt%, where the display is located above the keyboard, commanon all displays. h displayand

entry should be at the bottom of the display. in Drdo to minimize user headleye movement letween t eidentified only by its consistentd

the keytoard. Expenenced users might Ley coded menu selections in a standar arealocation and use, if the system is designed primarily for novice users, howevet . that entry area should be given en
(A.C.DI)

appropnate label, such as *Eh*IER choice here: _.*

2.2.5.6 10 Consistent Location for Menus (T!cr 2
Consistency)

Pop up, pull down, and windowed menus should be displayed in consistent screen locations for
all modes, transactions, and sequences.
COMMENT: (C)

Consistent Location of Menu Bar (Tier 2
Consistency)

2.2.5,6 11
Menu bars should be placed at a consistent location in all displays.

(D)COMMENT: For example, at the top of each display.

Menu Options Worded as Commands (Tier 2
Consistency)

The wording of menu options should consistently represe st commands to the computer, rather than2.2.5,6 12

COMMENT: Wording options as commands will pennit logical selection by pointing, will facilitate the design ofquestions to the user.
b d to by.

mnemcNe codes for keyed entry, and will help users learn commands in systems where commands can e usepass menus. Wording options as commands implies properly that the initiative in sequence control lies with t e
h

For example, for option selection by
user. Wording options as questions implies initiati-c by the computer. l i

pomting, a *+* (or some other spectal symbol) mignt be used consistently to distinguish a selectable contro opt onFor option selection by code entry, the
(Bad) PRINT?.

from other dWptayed items, e.g., (Good) +PRINTcode ior each option should te consistently indicated, e.g., (Good) p = Ptint (Bad) Print? (Y/N).
(E)

(Tier 2 -
Option Wording Consistent =rith Command Language2.2.5.6 13

If menu selection is used in conjunction with or as an altemative to command language, thewording and syntactic organization of displayed menu options should correspond consistently to
Consistency)

defined elements and structure of the command language.COhSENT: Where appropriate., cumulative sequences of menu selections should te ditplayed in a command entry
area until the user signals entry of a completely composed command. (CE)

Consistent Display of Menu Options (Tier 2
Consistency)

When menus are provided in different displays, they should be designed so that option lists are2.2.5.6 14-

consistentin wording and ordering,As a negative example,if + PRINT is the last option in one menu, the same print option should not
COMMENT: (A.DE)
be worded + COPY at theleginning of ancoer menu.
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2.2.5.6 15 Format Consistency (Tier 2 Consistency)

Where oldering cannot be detemined by the above, alpnabede orceting should be used.
COMhENT: (C)

Consistent CodMg of hienu Options
(Tier 2 - Consistency)

If letter codes are used for menu selecticn, thos: leuers should be consistently used in designating2.2.5.6 16 f

options from one transaction to Another,COMhEST: DJferent codes for thr same action will tend to confuse users and impede teaming. The same code for
|

|

different a: dons will tend to induce wser erre.s, especially if those ardons are frequently taken. However, thisAsa l

practice may be tolerable when selectior; are seldom taken. and then always taken from labeled attematives.j ) t different places |

negauve example. the mrne action 1hould not be given different names (and hence different co es aAnother negative mmple, the same cooe shmid net>

in a transaction sequence, such as 'f = Forward and n = Next.
be given to different a:tions q u Quit and q = Queue.

(A.E)
!

2.2.5.6 17 Key Coded Menu Selection (Tier 2
Consistency)

- 1

The code associated with each option should be displayed in a consistent and distinctive manner.l'

COhthEh7: (C) .

(Tier 2 - Consistency)
Consistent Design of Ilierarchic Menus |

The display format and selection logic of hierarchic menus should be consistent at every level.2.2.5.6 18

COhihEN7: (A.E)

User Requested Menus: Pull L .
and Pop-Ups (Tier 1 - Use)

2.2.5.6-19
User requested menus should be used whenever poss..,le.

COhihENT: Among the types of user. requested menus, pull.down menus provide two advantages over pop-up(1) the menu bar serves as a useful mnemonic aid, showing the user the command eategories available ind i g the
the menu, and (2) gaining visual access to the menu items within a category, selecting the item, an remov n
menus:

The pnmary advantage of a pop up menu over a
menu can be accomplished with a minimal number of actions.

pull-down menu is that, depending on the specific implementaeons, the user may have immediate access to themenu at the scieen location of the selection action, 'Ihe ideal u. r. requested menu design would p:vvide the useri f ctions and
wr*- a reminder of the menu categories and would the user should be allowed to select a tem wim ew a
httle movement of a cursor on the screen. (D)

2.2.5.6 20 Programmable Keys (Tier 2 - Consistency)
If menu items an selectable via activation of programmable function keys, the arrangement of the
menu list shouM be compatible with the ammgement of the keys to the greatest degree possible.

;

COMhENT: (Di

2.2.5.f-21 Menu Color (Yler 2 - Consistency)
The same color for menus should be used within the same group.

COMhENT: (B)

2.-. 5.6 22 Explanatory Title for Menu (Tier 2 - Meaningfulness)
An explanatory title should be provided for each menu that reflects the nature of the choice to be
made. Orgaruzational Role: r = Resvnsible a = Assigned

p=
COMhENT; EXAMPLE: (Good)

Performing. (Bad) Select: r = Responsible a = Assigned 7 a Pa.orming. (E)

2.2.5.6 23 Letter Codes for Menu Selection (Tier 2-- Meaningfulness)
If menu selections are made by keyed codes, each code should be the irtitialletter or letters of the

,

'

displayed option label, rather than assigning arbitrary letter or number codes.
COMhENT: For example. (Good) m = Mah f = Female (Bad) 1 = M ale 2 = Female. Opdons

might te numbestd when a logical order or sequence is implied. When menu selection is from a long list. the line(A,C.E)
numbers in the list might be an acceptable altemanve to icner codes.
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Complete Display of Menu Options (Tier 2 - Task Compatibility)
A menu should be designed to display all options appropriate to any particular transaction.COMhENT; A familiar set of general control options 6.c.,cptions that are wways implicitly avalbble may
2.2.5.6 24 ) be

l nu,or perhaps

omitted from individual displays such general options might be selected by requesting a genera me
by funcnon key or command entry. (AI)

(Tier 2 Task Compatibility)
Menu Options Dependent on Context

A menu should be designed to display only those options that are actually available in the current2.2.5.6-25

context for a particular user.COhBENT: If a user selects a displayed option, and is then told that option is not actually avaihble, anb ncenam

undesirable element of unpredsetabihty has 'ren intmduced into the interface design. Users may ecome u
and confused at)out sequence control.

(a,CI)

2.2.5.6 26 Visual Represe Nation of Path (Tier 2 - Memory Load)
The user should be able to r xen ; visual representation of his or her path through a hierarchy of

i

Ct '4"'"
For examp! if 6 ;r progresses through a series of pennanent menus, an icon showing the prev ousmenus. h gh a series of

menus and current menus, as well as menu selections.might be displayed. If a user pmFresses t roudh ciation

pull down menus, the previous menus might remain displayed with the selected item highlighted an t e assobetween that item and the subsequent menu would be represented by a close spatial relation (e.g., a walking menu .)

(D)

(her 2 - Minimizing User Actions)
2.2.5.6-27 General Menu
A general menu of basic options should be provided as the top levelin a hierarchic menu structure,
a ''home base" to which a user can always retum as a consistent startmg point for control entries.
COhBENT: Return to the general menu might be accomplished by an OITIONS function key, or by an explicitly(AI)
labeled option on every display, or by a generally available implicit option.

Illerarchie Menus for Sequential Selection (Tier 2 - Minimizing User
2.2.5.6 28

When menu selection must be made from a long list, and not all options cra be displayed at once, aActions)

hierarchic sequence of menu selections should be pmvided mther than one long multipage menu.

COhihENT: Where a long list is already muctured for other purposes, such as a lia of customen, a paitsinventory, a file directory, etc.,it might be reasonable to the user snould be required to scan multiple dispiry pagesmore
to find a panicubr item. Esca in such cases, however, an imposed structure for sequential necess may prove
efficient, as when a user can make prehrninary lener choices to access a long alphabedc list. Beginning users may
ham faster and understand bener a menu permining a sWe choice imm all available options, when those can be
displayed on one page. However, a single ktg meriu Ai cztends fcr more than one page will hinder learmng and
use. (A.CI)

Minimal Steps in Sequenual Menu Sciection (Tier 2 < Minisiq,
2.23.6 29
User Actions)When users must step duuugh a sequence of menus to make a selection, the hierarchic menu
structure should be designed to minimize the number of steps required.
COhBENT: This represents a trade-off against the need for logical grouptng in hierarchic menus. 'Ihe number ofE)
hierarchic levels should be minimized but not at the expense of dispir/ cmwding.

2.2.5.6 30 Return to Higher-Level Menus (Tier 2 - Minimizing User Actions)
U sers should have to take only one simple key action to retum to the next Hgher level in hierarchic

COhBENT: This action could be considered analogous to the B ACKUP option proposed as an interrupt formenus.

sequence control. (A.C.DI)

2.2.5.6 31 Return to General Menu (Tier 2 - Minimizing User Actions)
Users should have to take only one simple key action to return to the geneml menu at the top level
in hierarchic menus.
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COhnDT: This action could be considered analogous to the REVTEW option pmposed at an nterr
sequence control. ( A,C.D.E)

(Tier 2 - Minimizing User Actions)
2.2.5,6 32 Starking Menu Selections
Users should be able to combine a series of selections into a single " stacked" entry.l sh,

COMMENT: If necessary, stacked sequential entnes might be separated by some character, such as a space, s aih t special
comma or semicolon. It would be preferable, however,if they were simply strung together w ' ou(by preference)or ftxed-digitd

punctuation. Computer interpretation of an unpunctuated string will require letter co es
number codes for option selection. (C.DI)

(Tier 2 -
By-Passing Menu Selection with Command Entry2.2.6.6 33

Experienced users should be able to by-pass a series of menu selections and make an equivalent
'

Minimizing User Actions)

COMhh7: In effect. a command entry might specify an option anywhere in a hierarchic menu atructure,command entry directly, if a command by-

permitung a user to jump down several levels, or to mave directly from one branch to another, passes only a ponion of the complete menu sequence, and so does not >ct specify a complete contro
l entry, then

(A,CI)
display the appropriate next menu to guide compMion of the control emry.

2.2.5,6 34 Menu Selection by Pointing (Tier 2
Flexiidilty of Use)

When menu selection is the primary means of sequence control, and especially if choices must beh ld
made from extensive lists of displayed control options, option selection by direct pointing s ou
COMMEh7: If a capability for direct pointing is not provided (e.g.,if pointing involves separate manipulation of abe provided.

i lection by

mouse, or cursor positioning by key action), then for long menus it m::y prove faster to perm t menu sel
keying associated option codes. Pointing ducetly at a displayed option guarantees good display-contro(CE)
compatibihty. Users do not have to note associated option codes and enter them by key actions.
2.2.5,6-35 Feedback for Menu Selection (Tier 2 - Feedback)
When a user has selected and entered a contml option from a menu, if there is no immediatelyobservable natural response then the computer should display some other acknowledgment o t atfh

An explicit message might be providet in some applications, however,it may suffice simply toentry. bi s

highlight the selected option label (e.g., by brightening or inverse video) when that would provide an unam guouCOMMEhi:

acknowledgment. (A.DI)

2.2.5,6 36 Command Completion Feedback (Tier 2 - Feedback)
s

In addition to the indication that the system has received the menu-based comnand, feedback about
completion of the command should also be communicated. COMMENT: Completion of the scuon commanded by the menu item willbe suffelent feedback, provided that thel l the
action has a result that is visible to the user. Howewr,if the completion of the menu item has no visib e resu t,i h Message Area.
additional feedback that the r~nmand was complemd should be communcated by a message n t e
tD)
*

Acknowledgement of Selection from Keyboard (Tier 2 - Feedback)
When a menu item is chosen by a keyboard entry there should be some acknowledgement from the2.2.5.6 37

system that the item has been chosen. (D)COhBIEh7: E.g.,by highlighting the menu item.
(Tier 2 - Feedback)Indicating Current Position in Menu Structure

When hierarchic menus are used, the user should have some indication of current position in the2.2.5.6-38

COMMENT: One possible appmach would be to recapitulate prior (higher) menu selections on the display. Ifmenu structure.
i htbe

routine display of path information seems to cluner menu formats,then a map of the menu structua m g
(A.CE)provided at user request as a HELP display.
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(Tier 2 - General)Activation of Pull down and Pop Up Menus
Pulldown and pop.up menus should be activated by only a speciSc uset action that requests the -2.2.5.6 39

.nu title. (D)
display of the menu. Menus should not appear simply because the cursor has passed over tF
COMhEh7:

Function of Menu Should Be Evident (~ier 2 - General)
Menus should be designed so that the function of the menu is evident to the user.2.2.5.6 40

COMhENT: (D)

2.2.5.6-41
Menu Accessibility (Tier 2 - General)

When using a menu system, the user at all times should have access to the main menu.
turn to the staning leve! % a hierarchical menu system.

COMhEh7: The user should not have to backtrek trThis capability can be provided by dedicating a program f unction key, touch field, or a cursor entry field to
display

the main menu. (B)

2.2.5.6 42 Single-Column List Fwmat (Tier 2
General)

When multiple menu options are displayed in a list, each option should be displayed on a new line,
i.e., format the list as a single column.
COMhENT: Displaying options in several columns may be used where shortage of display space dictates ai ption

compact format: if there are only a few options. those might be displayed in a single row. An interest ng excef display,
could be made ic- hierarchic menus, where a high-level menu might be shown in the left column o al i is

accompanied by a lower. level menu in the right column whose options change to reflect whatever se ect oni
ctrrently made from the high. level menu. A single cuirnn format will aid scanning, especially for nov ce users.
( A.C.D.E)

Single Selection Per Menu (Tier 2 - General)2.2.5.6-43
Each menu display should permit only one selection by the user.
COMhEN1": (A.E)

2.2.5.6-44 Easy Selection of Important Options (Tier 2 - General)
The structure of hierarchic menus should permit immediate user access to critical or frequently
selected options.
COMhENT: (A.E)

Non-selection of Conflicting Menu Items (Tier 2 - General)
2.2.5.6-45
Users should not be able to select menu items that are in conflict.COMhEh7: Menu items that are in conflict might be, for example, two different font sizes in a text input task.
Users should, however, be able to relect multiple menu items that are not in conflict (e.g a font size and font type(D)
in text input). Each menu item selection would be a separate transaction with the system.

2.2.5.6-46 Non selectable Menu Items (Tier 2 - General)When menu items are not selectable they should be identified as such to the user.
COhthshi: (D)

Menus Distinct from Other Displayed Information (Tier 2 - General)
If menu options are included in a display that is intended also for data review and/or data entry, the2.2 5.6-47

menu options should be disunct from other displayed information.

COMhENT: For example, menu options might be located consistently in the display and incorporate someconsistent distinguishmg feature to indicate their specul fixtioc, perhaps beguuung with a specir.1 symbol suc ash

d i
a plus sign ( + NEAT , +BACK , etc.). An interesong vanation in menu design is the use of 'embedde menus, nb lected to
which various items within a warting display are highlighted in some way to indicate that they can e se
obtain further information.

(A,E)

Breadth and Depth of Menu Items (Tier 2 - General)
2.2.5.6-48Menus should have a limited number of items in breadth and in depth.
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COMMEN7: Moderate menu breadth (e.g., numter of menus in a menu hierarchy, number o menu cai bars, per menu

menu bar, or number of pop.up menus) and depth (e g., number of items per menu or, n menucategory) should be facilitated by the use of a hierarchical menu structure whereby the se ect onl i ofitems from one
should remain visible

menu (the parent) aaivates a second menu (the child) with funher options. The parent menudunng the selection of the child menu. De number of levels in tha hierarchy should he limited ( or exam
f ple, to no

more than thrte). (D)

2.2.5.6-49 Hierarchie Menus (Tier 2
General)

Hierarchic menus should be orgamzed and labeled to guide operators within the hierarchic
LP. (E)

COMMENT: Operators will team menus inor 'uickly if a map of the menu structure is provided as HEstructure,

2.2.5.6 50 Dislinct Subordinate Menus (Tier 2 - General)
If hierarchical branching is used, each subordinate menu should be visually distinct from eachprevious superordinate menu. Examples include the display oflevel numbers, a gmphical stac ng

ki
i

l l f om

COMMEN7: Successitti user operations depend on a knowledge of conteat. The user needs to know the eve s rrffect, etc.
t enu is. (D)

which the current display menu came and how far down in the hierarchy the curren m

2.2.5.6 51 Dual Activation for Pointing (Tier 2 - General)
If menu selection is accomplished by pointing, dual r.ctivation should be provided,in which the
first action designates the selected option, followed by a separate second action that makes an
explicit control entry. COMMENT: For example,on a touch display, the computer might display a separate ENI'ER box that can bei f cursor placement and

touched by a user to indicate that the cursor has been properly positioned. De two act ons ok i then an

entering should be compatible in th-ir design implementation. If the cursor is positioned by ey ng, ENTER key should be used to signal control entry, if the cursor is positioned by lightpen, provicie a dual action
This recommendation for dual activation of

*t.igger" on the lightpen for cursor positioning and control entry. pointing assumes that accuracy !n selection of control entries is more imponant t: tan speed. In some app ca
li tions

that may not be true. (C,E)

(Tier 2 - General)Large Pointing Area for Option Selection

If menu selection is accomplished by pointing, as on touch displays, the acceptable area forpointing should be as large as consistently possible, including atleast the area of the displayed
2.2.5.6 52

f
option label plus a half-characa:r distance around that label.COMMEN r: The larger the effective target area, the easier the pointing action will be, and the less risk of enur in"

selecting a wrong option by mistake. (A,E)

(Tier 2 General)
Highlighting When C;srsor Passes Over Item

For all types of menus, menu items that are available to be selected should be highlighted whenever2.2.5.6 53

the cursor passes over them and the selection button is down. COMMENT: As soon as the cursor passes outside the boundanes of the menu hem the item should retum to its
-

(D)
normal state. Unavailable options should not highlight when the cursor passes over them.

Control Options Distinct from Menu Bran::bing (Tier 3 - Design
2.2.5.6-54

The display of hierarchic menus should be formed so that options which actually accomplishDetails)

control entries can be distinguished from options which merely branch to other menu frames. COMMENT: In some applications,it may prove efficient to design * hybrid' menus which display one banch ofi l indicatedby
the m:.nu hierarchy elaborated to include all of its contml opuons while other branches am s mp y
summary labels. In such a F 'eid menu it will help orient uscrs if options that accomplish control actions are
highlighted in some way to distinguish them from options 'vhich will resuh in display of ofier frames of the
hierarchic menu. (A,E)

2.2.5.6 55 Number of Options (Tier 3 - Design Details)
Each menu option list should have 4 to 8 options; menus with less than 3 options should be

-
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avoided.
COhBENT: (C)

No Scrolling in Menus -(Tier 3 Design Demits)
2.2.5.6 56All menu items should be visible to the user without scrolling. h

COMMENT: This guideline applies to pennanent menus as well as for pop-up or putl down menus when t ey are
(D)popped.up or pulled down.respectively.

2.2.5.6 57 Height of Menu Bar (Tier 3_
Design Details)

The height of a menu bar should be sufficient to contain standard text characters which serve as
menu category labels, as well as space above and below the text characters.
COhBENT: - (D)

2.2.5.6 58 Category Labels on Menu Bar (Tier 3 - Design Details)
Category labels on menu bars st.ould be centered in the vertical dimension. Horizontally, category
labels on the menu bar Should be separated by enough space to be distinguishable as separate

items,i.e., by at least two standard character widths,COhBENT: One endard character width would be requind to separate ad,acent words in a mul:iword category. To
(D)

indicate separate categones, more than one width would be needed.

2.2.5.6 59 Labeling Grouped Options (Tiec 3 - Design Details)
If menu options are grouped in logical subunits, each poup should have a descriptive label that is
distinctive in format from the option labels themselves.Although this practice might sometimes seem m waste display space. it will help provide userd forindividual
guidance. Moreover, careful selection of group labets may se:ve to reduce the number of words needeCOhBENT:

option labels. (D.E)

2.2.5.6 60 Keyboard Entry Code (T!er 3 - Design Details).
If menu items are selectable by keyboard entry the code should be closely related to the menu item.(D)
COhBENT: For example, the keytcard entry might be composed of the first letter of the option label.

2.2.5.6 61 Equivalent Keyboard Commands (Tier 3 - Design Details)
When equivalent keyboard commands are provided, they should be displayed as part of the menu
option label.
COhBENT: (C)

2.2.5.6-62 Numbering Options for Codes (Tier 3 - Design Details)
Arbitrary numbers or codes should not be used for keyed entry. Numbering options might be used
when the list of items is particularly long. but this should be avoided.
COhBEh7: (D)

2,2.5.6-63 No Scrolling on Menu Bar (Tier 3 - Design Details)
The number of categories listed on the menu har should not exceed thelength of the bar. That is to
say, reading the menu bar should not require scrolling.
COhBENT: .(D)

2.2.5.6-64 After Selection of an Item (Tier 3 - Design Details)
When a pull-down or pop-up menu item has been selected, the menu should revert to its hidden
state as the selected command is canied out.
COhBENT: (D)

2.2.5.o 65 ON/OFF Menu Items (Tier 3 - Design Details)
For menu items that can be in an "On" or "Off" state, the "On" state should be indicated by making
the item perceptually distinct.
COhBENT: (D)
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(Tier 3 Design Details)
2.2.5.6 66 Selection of ON/OFF ltemsSelection of menu items with "On' and "Off" states should chtnge their state.
COMMENT: (D)

2.2.5.6 67 Permanent Menus (Tier 3 - Design Details) h i

When pennanent menus are used, there should 6: one standard design for the input prompt t at s
used across all applications. Permanent menus i uy be used in cases where there is no
COhihEN7: For example, T.hTER CHOICE: _'. e of code

pointing device available (although thett use is not remicted to this case). Consequently, some typi hi (D)
(number or letter)is usually entered through the keyboard to indicate a menu tem c o ce.

Permanent Menus Minimized (Tier 3 - Design Details)
2.2.5.6-68

The use of permanent menus should be mininuzed.COhiMENT: Because they require dedicated display space and mon: paging activity (bec.wse the app ca on m
bd ust

However.permantat menus might ce used (1)
return the user to the main menu page an every task change). o .t of text in erh menu item ish
whenever it is beneficial to examine every option in detail or (2) when t e am r
large. (D)

1
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OPERATOR INPUT AND CONTROL2.0
2.2 Operator Dialogue
2.2.5 Transaction Dialogue
2.2.5.7 Natural Language

(Tier 1 - Use)
2.2.5.7-1 Constrained Natural Language
A constrained form of natural sanguage dialogue shculd be used in applications where task
requirements are broad ranging and poorly defined.COMhDihT: Computer processing of natural language is now being developed on an expenmentrJ basis. Currentli i

vocabulary

capabihties permit computer recognition of constmined forms of " natural * language, with some m ts oni h the drawback

and syntu. Such constrained natural languages might be considered akin to command languages, w t6)
that they are probably not as carefully designed,
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OPERATOR INPUT AND CONTROL2.0
2.2 Operator Dialogue
2.2.5 Transaction Dialogue
2.2.5.8 Query Language

2.2.5.8 1 Query Language (Tier 1 - Use)Query language dialogue should be used for tasks emphasizing unptedictable information retrieval.
COhihENT: (CE) (Tier 2 - Consistency)

Coherent Representation of Data Organization
One single representation of the data organization should be used in query formulation, rather than2.2.5.8 2

h ld not
multiple representations.COMhD*T: For example, if different queries will a: cess different data bases over different routes, a user s ou.

necessarily need to know this. (A.CI) -

2.2.5.8 3 Natural Organization of Data (Tier 2 - General)
A query language should reflect a data structure or organization perceived by users to be natural.COMhS7: For example,if a user supposes that all data about a particular person are stored in one place, then t eh

torage might

cuery language should permit such data to be retrieved by a single query, even though actual compute s
(A.CE)carry the vanous data in different files.

2.2.52-4 Task Oriented Wording (Tier 2 - General)
The wording of a query should simply specify what data att requested; a user should not have to
tell the computer how to find the data.COhBOT: This objective has been called 'nonprocedurality*, meaning that a user should not have to understand
computer procedurts for fmding data.

(A,CE)

2.2.5.8 5 Flexible Query Formulation (Tier 3
Design Details)

Users should be allowed to employ alternative forms when composiag queries, corresponding to
common alternatives in natural language.COMhE7: For example, when quantifying a query, a user should be able to employ cluivalent forms, such as
'over 50*, *more than 50", *51 or more". (AE)

2.2.5.8-6 Minimal Need for Quantifiers (Tier 3 - Design Details)

A quety language should mmunize the need for quantifiers in query formulation.COMhENT: For example, negtuve quantifiers (*no",'none","zero", etc.) are particularly difficult for users to de.ui (*how many*)
with; other potentially confusing quantifiers include indermite (*some","any*) and it.terrogat ve
forms. People have difficulty in usmg quantifiers. If a query language does requue quantifiers,it may be helpful to
allow a user to select the dusired quantifier frtrn a set of sample queries worded to maxmuze their distir.ctiveness.
(AE)

2.2.5.8 7 Logic to Link Queries (Tier 3 - Design Details)
A query language should include logic el-ments that permit users to link sequential queries as a

COMhE7: For example, common lirtz for query formulation include 'and*,"or*, etc. However a querylanguage should be designed so that it does not require logical links. Some logical quantifiers (" greater than*,"less
single entry.

.

than* etc.) may confuse users. (A.CE)
(Tier 3 - Design Details) i

Confirming Large-Scale Retrieval
If a quety will result in a large-scale data retrieval, the user should be required to confum the2.2.5.8-8

i
transaction or else take futther action to narrow the query before process ng.

'

CONSENT: In this regard,it may be helpful to permit a user to set some upper bound for data output,in effect todefine what constitutes a *large-scale * retrieval. It may help a user to decide whether to confirm or modify a pendmg(A,CE) ;

query,if the user can request a partial dirplay of the currently specified data output.
i
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OPERATOR INPUT AND CONTROL2.0
2.2 Operator Dialogue
2.2.5 Transaction Dialogue

f 2.2.5.9 Question and Answer

2.2.5.9 1 Question and Answer Dialogue (Tier 1 - Use)
Question-and-answer dialogues should be used for routine data entry tasks, where data items are
known and their ordering can be constrained, and where computer response is expected to be

COhSENT: Bnef question-and-answer sequences can be used to supplement other dialogue :) pes for specialmoderately fast.

purposes. such as for LOG ON seque.nces, or for resoMnS ambiguous control er data entries. Where computerd

response to any single user entry may be slow, then the aggregate time required to process a series of questions ananswers may be very slow. In such a case, form filbag may be used as an alternative dialogue type, w ere t e userh h

(C.DE)
can enter a set of related " answers' as a single transaction.

2.2.5.9 2 Unlimited Room for Answers (Tier 1 - Use)The system should accept as much information from the user as he or she provides in an answer.(D)
COMhEh7: If the inforn.ation that the system requests is constrained, a data form should be used.

2.2.5.93 Request for Information (Tier 2 - General)
The system should provide the user with a specific request for information.
COhihEh7: (D)

2.2.5.9-4 Questions Displayed Singly (Tier 2 - General)
Each question should be displayed separately; users should not be required to answer several
COhSENT: A user may become confused in trying to deal with several questions at once, panicularly if the

,

quesuons at once.
(A,C DE)

nu'*,ber of questions is variable from one transaction to another.

2.2.5.95 Stacking Related Questions (Tier 2 - General)
The system should be able to stack questions and their associated answers if a series of questions
were concerned with the same topic.
COhBENT: (D)

2.2.5.96 Contextual Information Should Be Supplied (Tier 3 - Design Details)
--

The system should provide the user with contextual information required for answering the

question.COhBEh7: For example,if the only answer that the system would accept were a percentage, the question should
(D)

be followed by "('Tc)*. The answer area should follow the contextualinfor. nation.

2.2.5.9-7 Recapitulating Prior Answers (Tier 3 - Design Details)
When a series of computer-posed questions are interrelated, answers to previous questions should
be displayed when those will provide context to help a user answer the current question.
COMhEh7: Another way to request a related series of user entries is to use a form-filling dialogue rather than
question-and-answer. (A,CE)

2.2.5.9-8 Removing and Recalling Questions (Tier 3 - Design Details)
The user should have the ability to remove a question and answer from the screen or recall a
question and answer to the screen.
COhthEh7: (D)

(Tier 3 - Design
2.2.5.9 9 Sequence Compatible with Source Documents

When questions prompt entry of data from a source document, the question sequence should matchDetails)

tr e data sequence in the source document.
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COMMENT: (A,C.E)

2.2.5.9 10 Question Mark Delimiter (Tier 3
Design Details)

A question mark should be die delimiter of the questicas and answer dialogue.d n mark.

COMMENT: In general, space for answering the gaestion should be provided closely following the ques oi g the

:lowever, when addstional information needed for the answer follows the question, the space for answer n
(D)

question should be placed after the additional information.

-
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OPERATOR INPUT AND CONTROL2.0
2.3 Display Control
2.3.1 - General

2.3.11 Display Control (Tier 1 - Use)
Users should be able to tailor information displays by controlling data: selection, coverage,
updating, and suppression. Users should be able to specify data for display.
COhPENT: (A)

(Tier 1 Use)
2.3.1-2 Panning with Free Cursor Movement
In applications where a user moves a cursor freely about a page of displayed data, panning should
be adopted rath:r than scrolling as the conceptual basis of display framing.
COhBENT: (E)

2.3.13 Continuous Text Data (Tier 1 - Use)
Paging and windowing shoofd not used when scarching through continuous text data.
COhBENT: (A)

(Tier 2 - Screen Organization)
2.3.1-4 Single Frame Di: play of Critical Data
Critical data requiring integrated display for effective assimilation should be included in a single
frame, and not dispersed over several pages.
COhBEhT: (AE)

Consistent Orientation (Tier 2 - Consistency)2.3.1 6
A consistent orientation for display framing should be used.
COhBENT: Users an either 1) e anceive the display frame as a window moving over a ftxed array of data,Ese(AI)"

called * panning". or 2) conceive cata as moving behind a fixed display frame, commonly called "scrolhng.

2.3.1 -6 Framing Consistently for All Data (Tier 2
Conristency)

Fiaming functions should be performed consistently so that panning and/or zooming affect all
displayed datain the same way.COhBEhT: For example, ou a situation display. zooming should be used to expand background data such as(E)
geograptue boundaries to the same scale as the expansion of overlaid " active" data.

2.3.1-7 Integrated Display / Tier 2 Tasts Compatibility)

Displays should include all data :elevan:to a user's current transaction in one frame or page.(AE)
COhBENT: '!his is particularly imponant when critical data items must be compared by a user.

2.3.1-8 Display Print (Tier 2 - Minimizing User Actions)
ne mer should be able to print a display by simple request, (e.g., PRINT-SCREEN) without
having to take a series of other actions.
COhBENT: (C)

2.3.1-9 Information Displayed as Available (Tier 2 - General)
Information that the user must manipulate should be displayed as it becomes available.
COhBENT: (A)

Zoomink or Display Expansion (Tier 2 - General)f
The user should be provid-A with a zooming capability that allows the user to expand the display2.3.1-10

of any selected area.
COhBENT: (E)

2.3.1-11 Information for Navigating (Tier 2 - General)
The user interface should provide the user with information and actions that he or she needs to
navigate in a structured data file or object.

'
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COMMEhi: For example, a flowchart might be provided to show the ner, t,pon request. his or er posi h be contained in a window separate
within such hierarthics as menus, a hierarchy of operadons. The flowchan m g tfrom the application that the flowchan represents. In this example, movement from any position n t e

i h hierarchy to

l h d sir-d posizion on the

any other position mh ht be accomplished by using the cursor control device to se ect t e eAn altemadve example consists of displays in a hierarchy which are identified by a conver.tlon. Suc
h

i ht then consist of

as, application, operadon, location in the hierarchy. An identification code for each display m gflowchart. h Den, users should be

abbreviations for the applicanon and operation and numbers for the location in the hierarc y.d directing the system to go

able to access a display in a hierarchy by inputting a command identifying the display an
to it. (D)

2.3.1 12 Display of Control Options (Tier 2 General)

Screen control locations and control options should be clearly and appropriately indicated.
COMMEhT: (A)

Functional Labeling for Display Framing (Tier 2
Genetal) ,

User instructions, key labels, etc., should refer to display framing in functional terms and avoid2.3.1-13 f
t

wording that implies spatial orientation.
"

COMMENT: Examples of framing in functional terms are: * forward * and "back", or "next" and " previous . Control of display framing functions might be implemented by keys marked with arrows, to avoid verba a e sllbl
f those words

altogether. Note that * forward * and *back' are potentially ambiguous because of the contradictory use o
when refemns to movement within books.

(E)

2.3.1-14 Easy Paging (Tier 2 - General)
When requested data exceeds the capacity of a single display frame, users should be given somelling.
easy means to move back and forth over displayed material by paging or panning /scro(A,E)
COMMENT: Dedicated function keys can provide for paging forward and back.

,

2.3.1-15 liard copy (Tier 2 - General)The user should have he capability to ob:ain a paper copy of the exact contents of the alphanumeric
or digital graphic display.
COMMEhi: (A,C)

2.3.1 16 Show Changing Scale (Tier 3 - Design Details)
When a display is expanded from its normal coverage, a scale indicator of the expansion factor-

COMMENT: For example, a linear indicarar of :urrent map scale might be shown in the margin, or perhaps simplyshould be provided.

(E)a numeric indication of the display expansion factor (e.g : x4 :).

Show Overview Position of Visible Section (Tier 3 - Design Details)
When a display is panned and/or expanded from its normal cov: rage, some graphic indicator of the2.3.1-17

posi ion in the overall display of the currently visible section should be provided.t
COMMENT: (E)

Return to Normal Display Coverage (Tier 3
Design Details)

If a user is allowed to pan over an extendec display, or room for display expansion, an easy means2.3.1 18

for the user to return to normal display coverage should be provided.COMMEb7: For example, return to normal display coverage might be accomplished by a function key labeled
RETURN, or perhaps RESET. (A.E)
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OPERATOR INPUT AND CONTROL2.0
2.3 Display Control.
2.3.2 Display Freeze

2.3.2 1 Display Freeze (Tier 1 - Use)
The user should be able to " freeze" displayed data which are automatically updated at any point.
This is necessary in order for the user to examine changed data more deliberately.
COMMENT. (AI)

2.3.2 0 Labeling Display Freeze (Tier 2 - General)
When a display is " frozen," the display should be appropriately labelled to remind users of its
" frozen" status.
COMhENT: (A.E)

2.3.23 Signaling Changes to Frozen Data (Tier 2 - General)

When a display being updated in real time has been frozen, the user should be warned 11 somesignificant, but not displayed, change should be detected in the computer processing of new data.
COMMENT: (AI)

2.3.2-4 Resuming Update After Display Freeze (Tier 3 - Design Details)
When the user elects to resume update after a display being updated in rer.1 nme has been frozen,
the resumed display update should be positioned at the current real-time point.
COMMEh7: In some appheations, a user might wish to resume display update at the point it is stopped, and sod d * replay" of interim
the display change would lag real. time data change. Or, a user might choose to see a spee e

(A,E)
changes to regain current display status.

!

l

!
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OPERATOR INPUT AND CONTROL2.0
2.3 Display Control
23.3 Display Selection

User Selection of Data for Display (Tier 1 - Use)
For general data processing, the users should specify the data for displayed output.2.33 1

COhthEh7: m)

2.33 2 Selectable Data Categories (Tier 1 - Use)
When the panicular data categories required at different stages in a user's job cannot be exactly
predicted, the user should be allowed to select the data categones.
COhthfEh7: (E)

(Tier 2 - Consistency)
Consistent Format for Display Labels

The identifying label used for display selection should be positioned in a prominent location,
-

2.33 3

censistent across displays.
COhthEhi: (E)

2.33-4 Meaningful Display Labels (Tier 2
Memory Load)

The display identification 1sbels should be unique and concise, and sufficiertly meaningful to be
remembered easdy.
COh3Eh7: (E)

2.33 5 Indicating Disp;ay Categories Available (Tier 2 - General)
Users should be ptovided wi:5 a ready reminder of what data categories are avail. Sle.d

COhthEN7: (E)

2.33 6 Display Identification Labels (Tier 2 General)

When a user selects a data display, the dispiny should be appropriately identified.
COMMENT: (E)

Selecting or Suppressing Dispisy Categories (Tier 3 - Design Details)
Users should te provided with m ans of selecting (or suppressing) displayed categories.2337

(E)
COMMEN7: 'ntis implies category selection by menu or fitnetion keys.

23.38 Nondestructive Overlay (Tier 3 - Design Details)
Data elements that are changed and temporarily overlay and obscure other display data should not

crase the overlayed data.COMhEN7: For exan.pte,in a situanon display mcvin2 tnck dua may temporarily obscitre stab'e teekground
dua. (E)

23.3 9 Initial Erasure to Replace Changed Data (Tier 3 - Design Details)
When the computer regenerates a display to update changed data, the old data items should be

erased before adding new data items to the display.COMhENT: "Ihe aim here is to avoid any momentary user confusion that might resuh from watching portions of
(E)

old data beinE overwrinen and partially overlapped by portio'is of new data.

(Tier 3 Design Details)
23.3-10 Signaling Completion of Display Output
When display generation is slow, the user should be notified when the display outptit is complete.
A nonobtrusive auditory signal such as a chime suf5ces for this purpose.
COMhEh7: (E)

2.33 11 Auxiliary Coding (Tier 3 - Design Details)
Auxihary coding, adopted for different data cegories, such as shape coding of symbols, shotdd
be distinctive for any likely combination of displayed categories.
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COMMEb7: (E)

2.3.3 12 Printing Displays Locally (Tier 3
Design Details)

ne user L5ould te able to locally pnnt displayed data that are of potential long-term interest.
COMMENT: (E)
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OPERATOR INPUT AND CONTROL2.0
2.3 Display Contiol
2.3.4 Display Suppression

(Tier 1 - Use)
Temporary Sup[ reasion of Displayed Datit

The user should be able to te: vararily supp;ess standard data displays which are used for special2.3.41

purposes.
COMMENT: (AI)

2.3.42 Labeling Display Suppreaion (Tier 2
General) d

A data display that has teen suppressed should be annotated with an appropriate label to retrun
| users that data have teen suppre. sed.

COMMENT: (E)
(Tier 2 General)

Signaling Changes to Suppressed Data
Users should be warned if some significant (but not displayed) change is detected in the computer2.3.43

processing of new data wht n data have been suppressed from a display.
COMMil,T: (AI)

Resuming Display of Suppressed Dan r fict 2 - General)Je to be quickly restored to its complete,2.3.4-4
Data that has been suppressed from a display should tr
originally r.enerated fornt
COMMENT: (AI)

2.3.4 5 Dedicated Function Key (Tier 3 - Desij;n Details)

Function keys used to restore suppressed data should have no other use. COMMENT: For instance,if a suer must press REn;Tv4 to restore suppressed dna, that key only restores the cats
(AI)

and does not also move a displayed etw to some otter position,

-
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2.0 ~ OPERATOR _ INPUT AND CONTROL;
i

2.3 Display Contr01 ,

Displ_ y Updatea2.3.5
(Tier 1 _Use)

_

.

2.3.5+1Automatic Display UpdateUsers should be abh to request automatic update (computer regeneration) of changed data, and;
'

should be able to control the update rate.
,

COMAChi: E) <

Readability of Changing Data -(Tier 2 General) _

Changing data values that must be read should be displayed in a fixed po.;ition and updated nomore than once per second. ' If users need only to monitor general trends in changing cata va ues,.
2.3.52 l

and do not need to take exact readings, somewhat faster update rates may be acceptable.
Cohn.shT: m)

2.3.5 3 Visual Integration of Changing Graphics (Tier 2 - Gener.nt).When a user must visually integrate changing pattems on a graphic displayO pata should bei d f dat. n.ange.
_ dispisy

updated at a rate appropriate to human perceptual abilities for that k n oCOMhEST: Slowly developing patterns mzy be seen more easily with time compression,iA, with rapidid panem

of sequentially stored data frame:, Fast changing data may require time expansion. l.c., slowed outpub to af displayed data.

perception. In some applicmions it is permissibh to allow a user to control the speed for update o;

E)
(Tier 3 - Design Details)

2.3.5-4 Refresh Rate for Free-drawn GraphicsFor free-drawn graphics, the refresh rate en the monitor should be high enough to produce the
appearance of a continuous track.
COMMENT: (D)

'

.

!

L
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OPERATOR INPUT AND CONTROL2.0
2.3 Display Control
2.3.6 Ilypertext

Users llaving Authoring Tools (Tier 1
Use)

Users should not have the power of authoring tools if only a brovising toolis needed.2.3.6 1

COMhEh7: (D)

2.3.62 11rowsing Tools: Question Answer Dialogue (Tier 2 - General)
Hypenext Nowsing tools should generally act in a question and answer dialogue.
COMhEh7: (D)

2.3.6 3 Context. Sensitive IIelp (Tier 2 General)

Hypenext tools should always have a context sensitive help function, including an overview
function that displays the entire help hi rarchy.e

COMAENT: (D)
(TL;. 3 - Design Details)

ltems of information which are linked to other items or nodes should have distinctive and
2.3.6 4 Coding Linked Items

unambiguous codes.
COMLENT: (D)

'
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OPERATOR INPUT AND CONTROL2.0
2.3 Display Control
2.3.7 Paging

(Tier 1 - Use)
Scrolling Structures Appear Where Appropriate

Structures for horizontal scrolling / paging appear only on displays for which horizontal movement2.3.71 l f
is appropriate. Similtrly, structures for vertical scrolling /peging appears only oa disp ays or
which velucal movement is applicable.

COMhEh7: (D)

2.3.72 Common Display Structure (Tier 2 - Consistency)
Display structure used for scrolling and paging should be common to all files.
COhBEh7: (D)

2.3.73 Paging (Tier 2 Flexibility of Use)

Users should have the ability to page using several different techniques.COhBENT: For exampi;, paging by means of movinc a page icon or the scroll bar or by the use of a dedicate
d

(D)
function key for paging forward and a dedicated function key for paging back through a Gle.

2.3.7-4 Reinted Data on Same Page (Tier 2 - General)
Multiple page osplays should display functionally related data items together on one page.
COhBEh7: (E)

2.3.75 Integrated Display (Tier 2 General)
When user perception of relations among data sets are presented in a display, an integrated display
should in provided rather than partitioning them display into separate frames.
COhBENT: (E)

2.3.7-6 Paging Controls (Tier 2 - General)
Users should be allowed to move easily from one page to another for displays viich ate
partitioned into separately displayable pages
COhBENT: (E)

(Tier 2 -One Structure for Vertical, One for llorizontal Movement2.3.7 7

Only one scrolling / paging structure should be used for vertical movement in a display a::d one forGeneral)

horizontal movementin a display.

COhBENT: The placement of the scrolhng/pagtng strucunes clearly indicates the function for vertical orhonzontal movement. For example, one scroll bar might be placed along one of the side borders of the display forfh
venical scrolling and another scroll ba- might be plamd along the top cr bouom (opposite the menu bar) o t e
diglay for horucntal scrouing. (D)

2.3.7-8 Labeling Scrolling Function (Tier 2 - General)
The function of the scrolling / paging structure should be clearly indicated by either a textual or

graphic label.COhBENT: For example. a graphic bbcl for the scroll bar might be a scroU icon.(D)

2.3.79 Evident Direction of Paging (Tier 2 - General)
The direction that a user must page (toward the top or bottom,left or right) should be evident to the
user before he or she begins to page.
COhBENT: For example, scroll arrows on a scroll might point in the direction that corresponds to the paging
din:ction. (D)

(Tier 3 - Design Details)
Paging in One or Multiple Page Increments2.3.7 10

Users should be able to page in one page or multiple page increments.
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For example the user might page multiple pages ducctly by movmg the page icon on the scrofile that corresponds to the page number on the paFC I on-
COMMENT:
mhich tirne the display might move to the location in the

(D)

Discrete Movement of File (Tier 3 - Design Details) h

The movement of the file should be discrete with no display of intermediate pages between t e2.3.7 11

starting page and the selected page.
COMMENT: (D)

(Tier 3 Design

Indicate Absolute and Relative Positions of User2.3.7 12 h

Scrolling / paging structure should indicate both the absolute and relative positions of the tiser in t eDetails)
i by containing the

COMMENT: For example, a page i:on on the scroll bar might (1)ind2cate the absolute posit ondata file.
ll tion of the icon on the

page number in the data file and (2) indicate the relative ponuon by means of the spana oca
. _ .

E

scroll bar. (D)

_

i
'
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OPERATOR' INPUT AND CONTROL2.0
2.3- Display Control
2.3.8 Scroiling

Several Different Means of Scrolling (Tier 2 ' Flexibility of Use)
Users should have access to several different means by which they may scroll.2.3.8 1

(D)
COMh0" c.g., a s::ro!! bar. keyboard anow keys, and keystroke commands.

(Tier 3 Design Details)
,

2.3.8 2 Graphic Indication of Scroll Position
Large display outputs which are viewed by continuous panning / scrolling should be provided with
a graphic indicator inset at the margin of the display frame to indicate eturent location.
COMMENT: (E)

2.3.8 3 Scroll by Line or Display Unit (Tier 3 - Design Details)
The scroll motion rate should allow the user to scroll by line or by display unit.

(D)
COMMENT: Either technique provides a smooth flow of text.

Parameters Refer to Data not Window (Tier 3 - Design Details)
The parameters of roll / scroll functions should refer to the data being guidelined, not to the2.3.S-4

COMMENT: For example. ' roll up 5 lines' means that the top five lines of data would disappear and five newwindow. i
lines would appear at the bottom; the window through which the data is viewed remains ftxed. When a window ngd ) d ot
onentation is maintained consistently, the wonling of scroll funesions refers to the display page (or v.in ow an nf data willdisappear from the
to the displayed data. In that case, the command "Up 10' would mean that ten lines o

(B)
bonom of the display and ten earlier lines will appear at the top.

,

,
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OPERATOR INPUT- AND CONTROL.2.0'
.

L 2.3 Display Control ~ a
2.3.9 .- Searching

2.3.9 1
Multiple Methods of-Searehing (Tier 2 - Flexibility of Use)-

Us, rs have multiple methods by which they can engage in searching for lines or alphanumerice
stnngs.
COMMENT: (D) - i

2.3.9 2 . String Search (Tier 3 - Design Demils).
.

Users should be allowed to specify a string of text and to request the computer to advance (or back
up) the cursor automatically to the next (or last previous) occunence of that string.

P

- COMhEh7: - (E) -

2.3.93 Search for Line Numbers (Tier 3 . Design Details) |
Users should have the ability to search for and move to a specific line number in a file.
COMhENT: (D)

.

U

c

.

*
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OPERATOR INPUT AND CONTROL2.0
~ 2.4

Information Manipulation
2.4.1 Saving and Exiting Files

2.4.11 Saving to a Data File (Tier 1 Use)

The user should be able to save the data entered into a data file by a single action that will permit
the user to continue interacting with that fide. d file

COhihENT: For example, selecting a menu item. This action replaces the previous data stored in the ata
with the newly saved data. (D)

(Tier 2 Minimizing User Actions)
After finishing the interaction with any type of fue, the user should be able to save the data and2.4.1 2 Exit With Save

stop interacting with the fde by a single action.
COhthiEh7: (D)

(Tier 2 - Minimizing User Actions)
After finishing the interaction with any type of fde, the user should be able to stop interacting with2.4.1 3 Exiting a Data File

h h s to the fde.

the file by a single action (e.g., selecting a menu item) without saving t e c angeCOhihEN7: Commands for exiting are different from those for saving and exiting with a save.(D)

(Tier 2 - General)
Distinct Commands for Exit With and Without Save

The command used to " exit with save" should differ from the commands for "save" and for " exit2.4.1 4

without save."
COhihEST: (D)

(Tier 2 - General)Protection Against Exiting a File Without Saving
The user should be protected against exiting a data file without the oppottunity to save the file2.4.1-5

cont-nts.
COhihEhT: (D)

2A.1 6 Verify Exit With Delete New Inputs (Tier 2 - General)
The system should require the user to verify that he or she wants to exit and delete new inputs.
COhihEhT: (D)

2.4.17 Accidentally Replacing a Data File (Tier 2 - General)
Data from a file that has been modified and stored with the "save" or " exit with save." actions
should be retrievable with a single act:on.
COMhENT: (D)

2.4.1-8 Automatic Saving of a Data File (Tier 2 - General)
The system should save a data file automatically at frequent intervals while being edited.(D)
COhihENT: Users should be aware of automatic file savmg operations.

2.4.1-9 Automatic Backup (Tier 3 - Design Details)

Osers should have the option of invoking an automatic backup function that retains previousversions of data. The specific number of previous versions saved should be selectable by the user.
COhthENT: (D)

(Tier 3 - Design
Access of Modified Data After Exit Without Save2.4.1 10

Data from a file that has been modified by new input should be retrievable with a single action evenDetails)

after exiting with deletion of new input. (D)
COMhENT: The modified data file is a::cessible for a period of time after the *cxit" actions.
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2.0: - OPERATOR-INPUT AND CONTROL a
2.4 - Information- Manipulation
2.4.2 Temporary Editing Buffer

Automatic Placement of CutL Data in Buffer _'(Tier 1_.Use)When selected data is cut or copied from a text file, tabular file, and/or graphics file and placed in a -2.4.2 1<

i ll ith the orily:
temporary editing buffer, the data should be placed in the buffer automat ca y, w
specific action required by the user being the cut or copy action.
COMMENT: If a temporary ed: ting buffer is used, data passed into a text file, tabular file, and/or gr..,6ics file is -
pasted nu.i ht buffer. -(D)'

Contents of Temporary Buffer- (Tier 2 - General)
'

The contents of the temporary editing buffer should remain intact after the application from which
-

2.4.2 2
.

the contents were taken is closed.
_ D)-(COMhENT:

' (Tier 3 ' Design Deta!!s) . -

2.4.2-3 Default Conditions of HufferThe default condition should be that additions to the temporary editing buffer are not cumulative;
new data placed in the buffer replaces old data.
COMMENT: (D)

Access to Contents of Temporary Buffer- (Tier 3 . Design Details)-
The user should be able to access the contents of the temporary editing buffer in a window with a -2.4.2 4! _

single action. COMMENT: Access to the contents of the temporary diting buffer permits the user to read the contents, but not
operate on them. (D)

L
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10- OPERATOR INPUT AND CONTROL-
2.4- Information" Manipulation ;

2.4.3 Excerpt File
(Tier 1 Use)

2.4.31L Accessing Information Across Applications li i h ld be provided. .

The capability to accept and maintain information,inde
xndent of app cat on, s ou

for holding :elevantinformation across displays or app
ications.-4

(D)COhBENT: An example of this capability is the scrapbook or excerpt file;

2.4.3 2 Excerpt File (Tier I - Use)'
Users should have the capability to create multiple Excerpt Files.

'

COhomhT: (D).

2.4.3-3 Integrating Data 1(Tier _2 - Genera!)

. The user should have the capability to integrate new data with data already in the file.COhn!ENT: Integrating data might include (1) pasting the new data following data already in the file. (2) pastingf
the new data before data already in the file, and O)inerleaving new data in data already in the file. Each o these :

(D)capabilities is available through a single user action. ~

2,4.3 4 (Tier 2 - General)
F.eoyse.s I.v.r.pr ? O .

The user should be able to cut or copy data from the Excerpt File and paste it to any other file.
COhnmN7: -(D)

2.4.35- (Tier 2 - General) " . ;r 4 E. .e u i d YO
The user should be able to save the Excerpt File.-

COhBENT: (D)

.

!

L
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OPERATOR INPUT AND CONTROL2.0 Information Manipulation2.4
2.4.4 Retrieval Buffer

(Tier 2 Meaningfulness)

2.4.41 Retrieval BufferThe user should be able to view the contents of the reuieval buffer, but not to operate on the
contents.
COMMENT: (D)

2.4.4 2 Print Queue (Tier 2 - General)The user should be able to view a list of the contents of the print queue, but not to operate on the
contents, with one exception: The user is able to delete jobs from the print queue selectively.
COMMEh7: D) .
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OPERATOR INPUT AND CONTROL2.0
2,5 - System Response Time

(Tier 2 General)
2.51_ Response time consistent with requirements

System response times sht?d be consistent with operational requirements.COhBEh7: Required user respoi,se times should be compatible with required system response time. Required user
response times should be within the limits impcsed by total user tasking expected in the operational environment.

(C)

2.5-2 Processing delay (Tier 2 - General)
Where system overload or other system conditions will result in a processing delay, the system
should acknowledge the data entry and provide an indication of the delay to the user.
COMMENT: If possible,the system should adrise the user of the time remaining for the process or of the fraction
of the process completed. (A)

2.5 3 Indicating Completion of Processing (Tier 2
General)

When processing in response to a control entry is lengthy, the user should be given a positive
indication of subsequerit completion time, and appropriate related information.COhBEh7: Appropriate related information includes a message stating the i eed for funher user action is required.

(A.E.)

(Tier 2 - General)
2.5-4 Response time induced keyboard lockout
If computer processing time requires delay of concurrent user inputs and no keyboard buffer is
available, keyboard lockout should occur until the computer can accept the next transaction. An
alert should be displayed to indicate to the user that lockout has occuntd.
COhBENT: (C)

2.55 Keyboard restoration (Tier 2 - General)
When the computer is ready to continue following response time-induced keyboard lockout, a
signal to so indicate should be presented. (C)COhBEh7: For example, cursor changes back to nonnal shape.

Maximum Response Delay Time (Tier 3 - Design Detalts)
Jelay between the controller input and the resulting response on the screen should be less than2.5 6

T.
0.1 second.
COhBEh7: (D)

Appropriate Computer Response Time For User Control Entries (Tier 3 -2.5 7

Design Details) Computer response to a " simple" control enny should be within 0.5 - 1.0 seconds. Computer
response to a less " simple" control entry should be no longer than 2:0 seconds.

An example of a ' simple * conuel request is NEXT PAGE.(E)
COhBENT:

2.5-8 Fast Acknowledgement of Pointing (Tier 3 - Design Details)
in pointing actions, the computer should acknowledge entry of a designated pcsition within 0.2
COhBENT: For example, almost any consistently provided display change will suffice to acknowledge poinungseconds.

actions, such as brightening or flashmg a selected chameter. In some applications, an explicit message indicating
that a selection has been made, could be eppropriate.(E)

2.5-9 Response Time to Meno Selections (Tier 3 - Design Details)
The response to menu selections, function keys, and most entries during graphic interaction should
be immediate.
COMMENT: (A.E)
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(Tier 3 . Design Details)
Response Time to Lightpen Menu SelectionsThe roaximum delay for computer response to menu selection by ligh y should be 1.0 seconds.2.5 10

COhC4ENT: (A.E)
(Tier 3 Design Details)

Quick Response to Simple Display Request
System responses to simple requests for data displays should take no more than 0.5 to 1.0 second.2.5 11

COMMEhT: An example of a ' simple * request is for a request for the next page of a multipage display, or when al k

display begins to move in response to a scrolling conunand. When display output is paced in segments (b oc s.(E)
paragraphs. etc.), response ume refers to output of the first segment.

(Tier 3 Design Details)
2.5 12 Response to Non Simple Display Reguest
System msponses to *non simple" request * for data displays should take no more than 2 to 10
COMMENT: Non.stmple requests involve more complicated operations, such as accessing different files,seconds.

trantforming data, etc. E)

Error Message Display Time (Tier 3 - Design Details)' 5 13
Error messages should be displayed within 2-4 seconds.

:

COMMENT: (E)
(Tier 3 Design Detalle)

2.5 14 Variability of Reep ,nse Time

Respom.e time deviatior .s lawc.at exceed mon; than half the mean response time. COMMENT: For example,if the mean response time is 4 seconds, the variation is limited to a range af.' to 6
seconds. (D)

2.5 15 Maximum System Response Times (Tier 3
Design Details)

Maumum system response times for real time systems should not exceed the values presented in
.the associated figurt., . . , . , ,,3

,. ,,

COMMEhTT: (C)

_

,
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Maximum ResponseResponse Time Time (Secs)DefinitionAction
0.1Key depression until positiveKey Response " click"response; for example,
0.2Key depression until appearance ofKey Print

character
1.0End of request until first few

Page Turn lines are visible
0.5End of request until text begins

Page scan to scroll XY
0.2From telection uf field until visualEntry verification
2.0

From selection of command untilfunction response
0.2

Poinving From input of point to display
poirt

0.2
Sketching From input of point to display

of line

0.5
Local Update Change to image using local data

base; for trample, new menu list
from display buffer

2.0
Host Update Change where data is at host in

readily accessible form; for
example, a scale change of existing
image

10.0
File Update Image update requires an access

to a host file
2.0

Inquiry Prom command until display of a
(Simple) commonly used message

10.0
Inquiry Response message requires seldom

used calculations in graphic form
: (Complex)
I 2.0From entry of input until error
|

Error
Feedback message appears

'

|
!

l
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3,0 ALARMS

When alarm signals are estat,lished on the basis of user defined logic, users shoald be able toAlarm settings (Tier 1 Use)
31 ( i bles)
obtain status infonnation concerning cunent alann settings,in terms of dimensions var a,

covered arid values (categories) establthed as critical.COhihEh7: Alann status information is particularly necessary in monitoring situations where respons
-

ibility may
*

(C)
te shif ted from one user to another as in changes of shif t.

32 Alarm Acknowledgment (Tier 1 Use) _

Simple means of acknowledging and turning off non critical alarms should be provided.
COMhENT: E)

(Tier 2. General)
,

Special Acknowledgment of Critical Alarms
if operators are required to acknowledge a special or ciical waming in some special way,33 ,

acknowledgment should not slow operator response to the conditio.2
COhihEt(T: m)

Operators should be able to obtain status infonnation conceming current abrm settings, in terms of
Alarm Settings (R*r 2 General)34

dimensions (variables) and serpoints.COMhEh7: Alarm status informadon will te particularly helpful in monitoring situations where responsibility
(E)

may he shif ted from one operator to another (* change of shift') .

35 Alarm Reset (Tier 2 General)
Operators should be provided with simple means to tum off non-critical audible alarms, without
crasing associated messages.
COMhENT: (E)-

,

,

i

l
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OPCI(ATOlt AIDS
1(outirte System Messages and Guidance4.0

4.1
4.1.1 Prompts

4.1.1-1 P>ompting LOG ON (Tier 1 Usel

G)G.U . process should provide prompts for all operator entries.
COMMbit E)

(Tier 1 Use) i4.1.12 Prompting Control EntriesCgrators should be provided infonnation needed to gui6e control entries during transact ons.i respor se to

COMMENT: s or example. by incorporaung prompn in a daplay and/or by providmg prompts nbb d Where more input options
requests for HELP. Where six or lewer control opuans exist.they should e ste .E)
cust. an cumple of the type of entry that is required should te tresented.

4.1.1 3 Prompting Entries (Tier 1 Use) try.

Advisory messages or prompts should be provided to guide data and/or control parameter end in the prompting

COMMENT. If a default value has been defined for null entry, that value should te include
mformauon. E)

(Tier 1 - Use)
When a operator specifies the address for a message, prompting should be provided.4.1.1 -4 Prmnpting Address Entry

f t te completed by

COMMENT: Prompung might consist of a series of questions to te answered.an add;ess o.in oE)
the olerator,or reminders of command entries reqmred.

(Tier 2 Consistenc.5)
Standard Display Locatiori for Prompting

Prompts for data / command entry should be in a standard location.4.1.15
E)

COMMEN'T; Prompts may be provided in a sindow overlay.

Consistent Format for Prompts (Tier 2
Consistency)

4.1.1 6
Consistent phrasing and punctuation should be used in prompts.
COMMEhT; El

(Tier 2 Consistency)
Standard Symbol for Prompting Entry

Standard symbols should be used for input prompting. The symbol should be rese.tved for that4.1.1 7

use.
COMMENT: E)

4.1.1 8 Familiar Wording (Tier 2 - Meaningfulness)
Labds, prompts and operator guidance messages, should use familiar terminology." Data requires specud access code; call Data Base Admin, X 9999 for access.*is

COMMENT: For erample.'lMS/VS DBMS priva:e data: see OP DBS A-0/99 99.*E)
prefetable to

(Tier 2 - General)Prompting Command Correction
When a comnund entry is not recogrtized or inappropriate, operators should be prompted to4.1.19

correct, rather than re-entry the command. COMMENT: A faulty cornmand shGuld be able to be retained in the command entry area of the display, with thebl E)
cursor automatically positioned at the incorrect item, with an advisory message describing the i .o em.

4.1.1 10 Prompting Field Length (Tier 2
General)

Cues should be provided in field debneation to ind cate when fixed or maximum length is needed
COMMENT: Underseonng gives a dsrect visual cue as to the numter of characters to be entered, and the operwarfor data entry.

is preferable to " Enter*

" Enter ID: __ . __ __. _ _

does not have to count them. For cumple.

ID (9 charactm). E)
*

(Tier 2 General)
4.1.1-11 Operator Requested Prompts

Page1@
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Operators should be able to request computer generated prompts to determine required parameters|
|

or available options for a command.Using a HELP function key, o* perttaps simply keying a question mark in the command entry area.
COMhM:
are satisfactcry methorts to request prompung. (E)

Concise Wording of Prompts (Tier 2 . General)
4.1.1 12
Prompts should be concisely worded.

;

COMhM: (E)
(Tier 2 General)

4.1.113 Prompting Data EntryPrompting should be provided for required formats and acceptable values for data entries.
COMMENT: (E)

4.1.1 14 Data Format Cueing in Labels (Tier 3 - Design Details)
Additional cucing of data format should be included in a field lebelwhen that seems helpful.

.

COMhM: For example, "DATE (MM/DD/YY):
_.,,./,,,,,,_f_,,,,,,,' (E)

(Tier 3 . Design Details)
Graphic Display of Control Prompting

Graphic means may be provided for displaying to operators prompting aids and other guidance4.1.1 15'

pertaining to current control actions.COMhM: For example, a guidance display providing a graphic representation of keypad layout with notesl if tion krys.

explaining the various key futictions can help an operator to Icam the control options availab e v a unc
(E)

,

|
.

1
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OPERATOR AIDS4.0 Routine System Messages and Guidance4.1
4.1.2 Cautions and Warnings

(Tier 2 General)
Distinctive and Consistent Warnings

1

4.1.21
Warnings (or waming messages) should be distinctive. d

COMMEhi: For exampic, warning messages might be marked with a blinking symbol and/or displayed in red, anil

be accompanied by a distinct au& tory signal cauuon and c Tor m(ssages might be marked with a different spec a
symbol and/or displayed in yellow. (E)

4.1.22 Redundant Display (Tier 2 . General)

Caution and warning information should be presented through visual and auditory means.COMMEh7: The visual display of emergency iniormation should be redundant, using pictures, schemat cs, co o ,i lr

(D)
and text and should be accompanied by an auditary alerung tone.

Warning Operators of Potential Data Loss (Tier 2
General)

4.1.2 3
Provisions to promp against data loss should be provided.
COhBfENT: For example,during log-off, the system should check pending transactions to determine if datalossd (E)
seems probable. lf so, the computer should prompt for confirmanon tefore the log off command is execute .

(Tier 2 . General)
4.1.2-4 Time. consuming processes
Waming should be provided when a command will be time consuming to process.
COMMENT: (C)

4.1.2 5 Warning of Threats to Security (Tier 2
General)

Computer logic should generate mer tages or alarm signals that wam operators of threats to data
security or attempted intrusion by unauthorized penannel.
COMMENT: (E)

Page 3
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OPERATOR AIDS I40 Houtine System Messages and Guidance4.1

4.1.3 System Messages
|

(Tier 1 Use)
|4.1.3 1 Sirnaling Completion of Display OutputWhen display generation is slow, notification should be provided when display output is complete.i

(E)
COhihENT: For example, a non. obtrusive signal such as a chime.

Feedback for Function Key Activation (Tier 2 . Feedback)
Function key activr. don should be accompanied with some form of acknowledgment.4.1.3 2

(E)
COhihEhi: For nample,an advisory message may be displayed.

4.1.3 3 Clearly Worded Messages (Tier 2 General)

The conter.: of messages and actions required by the operator should be explicit.
COhtMENT: (A)

i

i

!

,

i
I
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OPERATOR AIDS4.0 Routine System Messages and Guidance4.1
4.1.4 Operater Guidance General

4.1.4 1 Standard Procedures (*fier 2
Consistency)

Standard procedures should be used for accomplishing similar operations.(E)
COMMENT: For etample.consistere use of command words (such as SAVE) across operations.

,

(Tier 2 Consistency)
Consistent Format for Operator Guidance4.1.4 2

Guidance forrnat should be consistent across displays. COMMENT: For example, display titles trught be consistently centered at the top of the display, with isp e)
d l

identincation coats n' the upper left come . G)
(Tier 2 - Consistency)

Wording Consistent with Control Entry
Wording for operator guidance that is consistent with the words should be used for control entries.4.1.43 Sad)

(Good) To delete a paraFraph press DELETE and ther, PARAGPAPll.
COMMENT: Forexample
To erase a paragraph. press DELETE and then PARAGRAPE (E)

(Tier 2 Consistency)
Wording Consistent with Operator Guidance

The wording and required format of control functions should be reflected consistently in the4.1.4 4

wording of guidance. including labels, m:ssages, and instructional material.(Bad) If a
COMMENT: Exarnples (Good) To delete a paragraph. press DELETE and then PARAGRAPH.
paragraph must be erar.ed. press DELETE and then PARAGRAPR (E)

4.1.4 5 Consistent Grammatical Structure (Tier 2
Consistency)

Grammatical construction of operator guidance should be consistent.
COMMENT: (E)

(Tier 2 Consistency)
4.1.4 6 Ilighlighting Crliical Operator Guidance
A consistent method should be used to highlight display of critical guidance information.
COMMEh7: Wamings and warning messages may require output of auxiliary auditory signals as well as display
highlighting. (E)

Familiar Wording (Tier 2 Meaningfulness)
4.1.4 7
Operator guidance should use familiar terminology. Data requiret special access code:callData Base Admin. X 9999.
COMMENT: Forexarnple: (Good) DBSA,0/99 99 (E)
(Bad) IMS/VS DBMS private data: see

4.1.48 Familiar Coding Conven;lons (Tier 2 - Meaningfulness)
Codes and abbreviations for data entry / display should have conventional usage.
COMMENT: (E)

I 4.1.4 9 Only Necessary Information Displayed (Tier 2
Task Compatibility)

Only needed data should be displayed.
:

(E)
COMMENT: Only televant data to a tari or operation should he displayed.

|
4.1,4 10 Task Griented Wording (Tier 2

Task Compatibility)
I

Labels and identifiers should be task orientea. COMMENT: For example, a save operadon should be called "Save".and not " Function l' or * Update Data *.
(E)

(Tier 2 General)
Speaking Directly to Operators4.1.4 11

Wording for operator guidance should be directed at the operator. Sad) The operator should press
COMMENT: For sample (Good) Press ENTER to continue.

ENTER to continue. (E)

Page 5
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Affirmative Statements (Tier 2 General)
4.1.4 12
Affumative wording should be used for operator guidance messages.(Good) Clear the screen
COMMENT: Tell the operator what to do rather than what to avoid. For exarnple.(E)

(Bad) Do not enter data before clearing the screenbefore entering data.

4.1.4 13 Active Voice (Tier 2 General)
Active voice should be used in guidance messages. (Bad) The screen is cleared by
COMhENT: For cumple. (Goud) Pressing CLEAR clears screen.

using CLEAR. (E)

Anthropomorphism (Tier 2 General)
4.1.4-14
Presenting the system as a person should be avoided.*1 AM LOADING YOUR FILE NOW. ILL TELL YOU WHEN TM DONE.*.
COMMENT: For example.

(A)
r

4.1.4 15 Tempt.al Sequence (Tier 2 General)
Guidance should describe sequence of steps in order of performance. (Bad) Before
COMMENT: For example. (Good) Entn LOG ON sennee before rurming programs.
running programs, enter LOG-ON sequence. (E)

4.1.4 16 Easy Ways to Get Guidance (Tier 2 General)

Operators should be able to switch easily between information handling and guidance material.
COMMENT: Guidance might be displayed as a tempoiary * window * overlay on the turking display.which a
operator could request or suppress at will. (E)

4.1.4-17 Speech Output (Tier 3 Design Details)
Computer generated speech output for gu* dance messages should be used only when atter. tion may
not be directed toward a visual display. (E)
COMMENT: Computer generated speech may be useful when anention is focused away from a visual display.

4.1.4 18 Limited Number of Spoken Messages (Tier 3
Design Details)

Computer generated speech should be limited to a few messages.
COMMENT: Computer generated speech is not useful if many messages might be given at one time, or for
conveying a lengthy list of menu options. (E)

.
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OPERATOR AIDS4.0 Routine System Messages and Guidance4.1
4.1.5 Status Information

4.1.5 1 Indicating Status (Tier 1 Use)

Indication of system status should be presented at alj times.COMMF.hi: Status display can be explicit (e.g., by message) , or can be implicit (e.g.,by a displayed clock whoset tus

ref ular time change offers assurance that the computer link is still operating). Alternatively, system s a
(E)inionnation may te provided at o;erator request.

4.1.52 Operator Status (Tier 1 Use)

Displays or messages detailing the operator's status should be provided.(D)
COMhEhi: For example, files in use and ongoing processing.

4.1.5 3 Operational Mode (Tier 1 - Use)When results of operator action are contingent upon operational modes, the current modo should be
displayed.
COMMENT: (E)

4.1.5-4 System Load (Tier 1 - Use)
When task performance is affected by operational load, operators should be able to obtain status
infonnation indicating cunent system perfonnance, expressed in terms of computer response time. COMMENT: h may be necessary to define a ' standard" function for which comptner response time is predicted on a
r.ormalired basis. (E)

4.1.55 Other Operators (Tier 1 - Use)
When task performance requires data exchange and/or interaction with other operators, operators
should be able to obtain stan:s information conceming others cunently using the system.
COMMENT: (D,E)

4.1.56 Keyboard Lock (Tier 1 Use)
When the keyboard is locked or the terminal is disabled, the status should be displayed.
COMMENT: For example, control lockout may be signaled by absence of the cursor from the disphy, or by a

(E)
change in the shape of the cursor. An auditory signal should be presented.

4.1.5 7 Consistent Status Presentation (Tier 2 - Consistency)
Status information should be presented in a specific message window or in a consistent screen
location.
COMMENT: (D)

LOG.ON Feedback. (Tier 2
Feedback)

4.1.58
Feedback in log-on procedures should be provided.
COMMENT: (E)

4.1.59 Processing Delay (Tier 2 - Feer' hack)
When system functioning requires the operator to cand by, periodic feedback should present the
COMMEb7: When a pocess or wquence is completed by the system, positive indication should be presented to the
reason for the delay.

opentor conceming the outcome of the pocess and requirements for subsequent operator actions. Successiveperiodic feedback messages should differ in wordmg f2pm presentation to pesentation,or be otherw se n cate .
I

i i di d

|

(A.B)

4.1.5 10 Status Message Alert (Tier 2 - General)
Status messages should be accompanied with a consistent auditory signal to alert when a message
has been displayed. '

( Page 7
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COMhD7: (D)

4.1.5 11 Indicating Operational Mode (Tier 2
General)

When an action estabhshes a change in operational mode that affccts operator actions, current mode
(E)

COMMENT: For example, selectiori of a DELETE mode should produce a warning signal on the display.should be indicated.

4.1.5 12 LOG.ON Failure (Tier 2 - General)
Where LOGON is inconect, a messa

;e should explain (1) that the LOGON procedure was

unsuccessful and (2) why the procecute failed.* Incorrect LOGON sequence, expired password." (D)
COMMENT: For etample.

4.1.5 13 LOC ON Delay (Tier 2 General)
Where LOG ON is denied because of system unavailability, an advisory message should te

Aw.id 'ss soon as possible"displayed. ' System is down for snaintenance until 9: 30 AM.*COMMENT: For example.
messages. (E) '

4.1.5 14 Wording of Status niessages (Tier 3
Design Details)

Status messages should be free from jargon. (D)
COMMENT: ne use of standard a:mnyms and abtreviations is acceptable.

4.1.5 15 Context (Tier 3 Design Details)
When the results of an entry depend upor. context or mode, context indication should be provided.
COMMENT: For example, when the effects of entries are ccatingent upon operational modes. indicate the current
mode. (E)

.

b
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OPEIU. TOR AIDS4.0 Routine System Messages and Guidance4.1
4.1.6 Ruutine Feedback

4.1.6 1 Feedback During Data Entry (Tier 2
Feedback)

Display feedback should be provided for all operator actions during data entry.COhBIEh7: For reasons of data protection.11 may nu be desirable to d splay passwords and other secure entries.
(E)

(Tier 2 Feedback)
f Feedback for Completion of Data Entry

The computer should acknowledge completion of a data enny transaction with success or failure4.1.6 2

ih

COhihENT: In a sequente of routine, repetitive data entry transactions, successful completion of one entry m g tconfirmation.
i h

result simply in regeneranon of tte initial (empty) data entry display. in order to speed the next enuy n t eh display.

sequence. Succe;sfuldata entry should not be segraled merely by automatic crasure of entered data from t eexcept possibly in the case of repentive data entries. For single data entry transactions it is prefened to eave ente el rd

(L)
data on the display until the operator takes an explicit action to clear the display.

4.1.63 Feedback when Changing Data (Tier 2
Feedback)

If an op::rator requests change (or delecon) of a data item that is not currently being displayed, the
operator should be able to display the old data before confirming the change.COhihENT: Displayed feedback wul help prevent inadvenent data change, and is parucularly useful in protecting
delete actions. (E)

4.1.6-4 Indicating Item Selection (Tier 2 Feedback)

Display items selected for operation (such as icons ur text) should be highlighted.COhBIENT: Tht. provides P routine natural feedback tha! item selection has been accomplished. and prteiles
,

indication as to what selection has been made. (E)

Feedback for Control Entries (Tier 2 - Feedback)4.1.6 5
The computer should acknowledge every control entry immediately.
COhBEh7: (E)

;

4.1.6 6 Indicating Option Selection (Tier 2 Feedback)

When previously selected control options are still operative, those options should be displayed.
COhBiEh7: (E)

4.1.6 7 Status Indication During Processing (Tier 2
Feedback)

Indication of transaction status should be presented whenever the complete response to a operatar

entryis delayed.COhBENT: Delays in computer resportse longer than a few acconds can be disturbing, especially far a transactionWhen system
that is usually processed immediately. In sxh a case, intermediate feedhn:t should be provided.
functioning requires the operator to stand-by, WORKING, BUSY, or WAIT messages should be '.tisplaytd until
interaction is possible. Where 6e delay is likely to exceed 15 seconds, the operator should be Wonned. For delays
exceeding 60 seconds, a count down display should show delay timmnaimng. (E)

4.1.6-8 Indicating Completion of Processing (Tier 2
Feedback)

When processing in response to a control entry is lengthy, positive indication of processing
completion should be provided.CohthEh7: For long delays interim feedback on processing status (befort completion) should be provided.

(E)Interim messages, however, sh3uld not interfen tvith opcrt.ur activities.

(Tier 2 Feedback)
4.1.6 9- Feedback for Operator Interrupf
Following operator interrupt of data processing, an advisory menage should be displayed.
COhthENT: (E) .

Page 9
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i

!
.

(Tier 2 Feedback) d ;

4.1.6 10 Feedback for l>rint Requests
An advisory message should be presented confirming that a print request is being processe .

>

|
COMMENT: (E)

.

(
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JPERATOR AIDS
Routine System Messages and Guidance4.0

4.1
4.1.7 Error Feedback

4.1.71 Informative Error Messages (Tier 1
Use)

When the computer detects an entry error, an error message should be displayed stating the etror
(Bad)

and possible subseg.ent operations.(Good) * Code formal not recognieed; enter two letters. 'Sen three digits.*
Orcrators should not have to scarch through stference infomation to translate error messages.COhntENT: For esample.

* Invalid input."

(E)

Invalid Action (Tier 1 Use)

Where an entry is invalid or inoperative at the time of selection. no action should result except a4.1.72

display of an advisory message indicating appropriate functinns. options, or commands.(A)
COhihiENT: For example, attempting to pnnt a dodument from within an edit mode.

(Tier 2 e Task Compatibility)
4.1.73 Tusk Oriented Error Messages
Wording for enor message. should be appropriate to the fisk.(Good) * Trend Point number not recognized check the number *(Bad) * Entry

COhiMEW: For example.
error Status Flag 4.* (E)

lirief Error Messages (Tier 2 General)
4.1.74
Error messages should be brief and informative.

* Entry must be a number."
rather than ' Alphabetic chara:ters are not

COhbiENT: Forexample.use
a:ceptable in this data field of tnmsaction.* (E)

4.1.75 Neutral Wording for Error Mess::ces (Tier 2
General)

Error messages should use neutral wording. te computer, or attempt to make
COhBtENT: E mr messages should not imply blame to the operator.personalir(Bas) Illegal entry. (Bad) I need
a message umorous. For example,use (Good) Erary must be a number.

(E)'

some digits. (Bad) Don't be dumber, use a number.

4.1.76 Non Disruptive Error Messages (Tier 2
General)'

The computer should display an enor message only after completioti of an entry. COMMENT: For example.an citor message should not be generated as wrong data are keyed.but only ~ r* an
explicit ENTER action has been taken. (E)

4.1.7-7 Advisory Error Messages (Tier 2 General)
Where data or control entry is made ::mm a small set of altematives, error messages should indicate
the correct ahematives.
COhBIENT: (E)

4.1.7 8 Displaying Erronecus Entries (Tier 2 - General)
When an entry error has been detected, the erroneous entry shoald remain displayed.

-

(E)
COhBIEhi: "Ihe crrodtself will provide information as to the nature cf the ermr.

4.1.79 Cursor Placement Following Error (Tier 2
General)

The location of a detectr' error should be mr.rked.COMMEh7: For exarnple vy positioning the cursor at that point on the display. l.e at that data field or command
'

'

word. (E)

4.1.7 10 Indicating Repeated Errors (Tier 2 - General)
If a operator repeats an error, a noticeable change should exist in the displayed error message.(E)
COMMENT: For ex. amp.e, a disphy of the same verbal rnessage but with changing anne *ation.

Page 11
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4.1.7 11
Itemoving Error Messages (Tier 2 General)

Displayed error messages should be removed after the error has be:n corrected.
COMMEhi: E)

Errors in Stacked Commands (Tier 2
General)

If only a portion of a merged command can be executed guidance should be provided to pennit4.1.7 12

correction, cornpletion, or cancellation ui the merged command.
COMMEh7 11 an error is detected in a frusp of entnes, the system should proceu correct commands until the enor
is displayed. (A.11)

4.1.7 13 Multilevel Error Messages (Tier 2
General)

Following the output of a simple error message, operators should be able to requ :st a more detailed
E)

explanation of the error.COMMEh7: A man. compita discussion of exh error should te made available otrline.

4.1.7 14 Cautianary Messages (Tier 2 General)
When a datt or command entry error is suspected but cannot be determined (in terms of system;

error logic), a cautionary messge asking confirm should be displayed."Cooldown rate of 200 'F per hour degrees is outside the norrnal range; confirm or
'

COMME 5tT: For exampic.:

ctanFe enu y." (E)

(Tier 3 Design Details)
4.1.7 15 Multiple Error Messages
Notincation should be made for exh error when multiple errors are detected.The computer should ph:c the

*DATE should te numeri [+ 2 other enors)*. ld
cursor in the data field refened to by the displayed emr message with other error fields highlighted.'Dere shcu
COMMEhT: For example.

(E)
also be means to twuest sequential display of the other ents messages.

4.1.7 16 Error Messege Plact: ment (Tier 3
Design Details)

Error messages should be presented at the point of the enor or in a consistent area of the display.'

COMME?ff; (D)

4.1.7 17 Documenting Error Messages (Tier 3 - Design Details)
As a supplement to an line guidance, system documentation should include a listing and

@
explananon of all error messages. R
COMMENT: m) @

c

4
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OPERATOR AIDS4.0 Routine System Messages and Guidance4.1
4.1.8 . lob Aids

4.1.8 1 On.Line System Guidance (Tier 1. Use) j

Reference material describing system capabilit es and procedurcs should be available on line.i
|

i

COhSTEh7; E) )
Guidance Information Always Avaliable (Tier 1

Usc)
|

Spcific guidance should be ava3able for display at any point in a transaction sequence.4.1.8 2

COhBEh7: E)

4.1.E.3 Index of Data (Tier 1 Use)
)An on line data index (precedures, etc) should be provided.

COhthiEh7: he dataindex should irdicate file names objects propenies and tither asp: cts of file structure thatI

might be used to access data. G)

4.1.8 4 Index of Commands (Tier 1
Use)

For command entry, ati on line command index should be provided.
CONSENT: E) '

Dictior.ary 01 Abbreviations (Tier 1. Use) i
4.1.85
A dictionary of abbreviadons should le provided. |

COhn*ENT: G) |

(Tier 2 Sequencing and Groupirig)
4.1.8 6 Logical Menu Structure
Menu options should be in logical groups.
COhthEni: (E)

4.1.8 7 Transaction. Specific Option Display (Tjer 2
Task Compatibility)

Control options that are appropriate to the current transaccon should be indicated on the display.
COhGTENT: An exception. control options that art senerally available at every step in a transaction sequence(E)
should te tremed as implicit options that tred not be included in a display of specific cunent options.

Guidance for OPERATOR GUIDANCE (Tier 2
Feedback)

At every point in a transaction sequence, gtddance should be provided as to how to continue.4.1.8-8
(dood) * Procedures are cunent through March 1991. Press STEP key toCOMhtENT: For example,use

continue *
rather than (Bad) * Data are current through March 1991.* G)

4.1.8 9 General List of Control Options (Tier 2 General)

A general list (menu) of control options should be provided that 4 always available to serve as a
consistent starting point to begin transactions.

COMhENT: G)

4.1.8 10 Record of Past Transactions (Tier 2
General)

The operator shuould be able to request a displayed record of past operations.G)
COhBENT: Near nn tasks related to ongoing ep-azions should be available.

4.1.8 11 Access to Job Aids (Tier 3
Design Details)

Explicit actions should be required to access or suppressjob performance aids.
COMMEhT: (D)

.
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OPERATOR AIDS4.0 Routine System Messages and Guidance4.1
Operator Performance Monitoring4.1.9

Transaction Records (Tier 3 . Design Details)
'

4.1.9 1
The computer should maintain records of operator transacuons. 7

COMhENT: (E)

Data Access Records (Tier 3 . Design Details)
'

4.1.9 2

The computer should maintain records of data access.COMMEtG: For example, which data files, categones, or hems have been called out for display.
(E)

'

4.1.93 Error Records (Tier 3 . Design Detailsi '

Errors should be recorded. t

COMhEta: E)

4.1.9-4 IIELP Records (Tier 3
Design Details)

'

Requests for llELP should te recorded.
e

COMhENT: (E)

(Tier 3 Design Details)
4.1.9 5 Notifying Operators
Operators should N informed of records kept of individual performance.
COMMEhT: (E)

.

);

s-
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OPERATOR AIDS4.0
Routine System Messages and Gu!rlance4.1

4.1.10 llelp

4.1.10 1 IIELP (Tier 1. Usc) ;

Operators should be able to obtain on line guidance by requesting HELP.
COMMEhT: (E)

Standard Action to Request IIELP (Tier 2
Consistency)

4.1.10 2
A simple, standard action should t e available to reque:st HELP.
COMMEh7: Operators should have multiple methods of requesting help.For eammple, a operator might (1) select(E)
fielp in a pull down menu. (2) type a 'lleip* comtr'and, and/or (3) prst a llelp Fan: tion Key.

4.1.10 3 Task. Oriented IIELP (Tier 2 . Task Compatibility)

HELP request should be tailored to task context.COMMEhi: For example,if an enor in comrnand entry has just been made,IIELP should display informadon(E)
conce.ning that command, its iun: tion, its prnper structure and wording. required and optioral parameten, etc.

Access to llELP (Tier 2 . General)4.1.10 4

Operators should be able to access Help at any point.A operator should be able to request HELP c any point in a transa: tion sequeree. The pocedure
should always be the same, whether the operator wants an explanation of a particular data entry a displayed dataCOMMEhi:

iiem. or a command option. (D)

11rowsing IIELP (Tier 2 General)
4.1.10 5
Operators should be able to browse on line HELP.
COMMENT: (E)

4.1.10-6 Return from IIELF (Tier 2. General)
The operator should be able to casuf retum to the task after accessing HELP.
COMMEh7: (A)

Aut'matic IIELP (Tier 3 Desigt) Details)
4.1.10 7

When appropriate, HELP should be automatically provided. COMMENT: A condition for automatic hdp mit t be frequent errors in a specific interaction with the system.h
(D)

llowever. operators should be able to limit automadcally presented help displays with a single actie i.

4.1.10 8 Clarifying HEL/ Requests (Tier 3 Design Details)

When a request for HELP is ambiguous in context. the computer should initiate a dialogue to
specify what data, message or command rtquires explanation.
COMMEhi: For example, the computer might ask a operator to point at a displayed item about whleh HELP is
requested. (E) ,

4.1.10 9 IIELP Context (Tier 3 . Design Details)
When a help request depends upon context established by previous entries, context should be
indicated.
COMMENT: Operators should be able to request a displayed record cf recent transmetions, (A)

4.1.10 10 Multilevel IIELP (Tier 3
Design Details)

When a HELP display provides summary information, more detailed explanations should be
available.
COMMENT: (E)

4.1.10 11 IIELP Guidance (Tier 3
Design Details)

Advisory messages or prompts should be available to guide operators in accessing help messages.
Page 15
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COhnENT: (A)

4.1.10 12 IIELP Index (Tier 3
Design Details)

- On line liELP index should te provided.
COMhENT: (A) (Tier 3 . Design Details)
4.1.10 13 Synonyms for Standard Terminology
When a open wr requests liELP on a topic, the computer should accept synonyms and
abbrevtauons.
COMAEhi: (E)

IIELP Display Format (Tier 3 . De.lgn Details)
!

4.1.10 14
HELP should be displayed in text and/or annotated grap. cs.

*

(D)
COMMENT: For example, displaying pt.:cdural data in a flowchan fonnat. "I

4.1.10 15 !!ELP Security (Tier 3 Design Details)

Design of the licip function should be consistent with system security restrictions.
CouhEh7: (D)

.

Page 16
. Section 4.0 Operator Aids

- -- -- .- _ _ _ .



_ . _ _ _ _ _ _.._ _ _ _ . _ _ _ _ _ _ _ _ .

9 ,

4.0 OPERATOR AIDS
4.2 Decision Aids
4.2.1 Expert Systems
4.2.1.1 Dialog

4.2.1.1 1 Information Exchange (Tier . 'Insk Compatibility)
Operator expert system irdormation exchange sh suld be based on task requirements.
COhBEhi: For example, the range of dsa ()Tes wtuch m@ te hput (text, numeric, graphic), the extent and
frequency of data type entry, how data are a:quued the tante of data ty;cs which will be output by the expen twiem(A)
(text numeric, graphi:), the frequency of exh data type output, and pacing of operator queries.

4.2.1.12 Dialog Initiation Flexibility (Tier 1 Use)

The system should support a flexible dialog permitting init ation of an action without canceling an
i

ongoing transaction.
COhBEh7: (A)

(Tier 2 Minimizing User
Minimize the Systems Inquire of Operators4.2.1.13.

,

Actions)
Querying the operator for routine information should be mininszed.
COhBEh7: (A)

4.2.1.1 4 Dialog Sequencing Flexibility (Tier 2 Flexibility of Use)

The operator expert system dialog should be flexible in terms of the type and sequencing of
operator input it will accept.
COhBENT: (A)

4.2.1.1 5 Dialog Modes for Operators (Tier 2 . General)
When interacting with the expert system. command language dialog should be avoided.

,

COhBENT: (A)

4.2.1.16 Rapid Transaction Retrieval (Tier 3 - Design Details)
The system should permit rapid retrieval of previous exchanges between the operator and the
expen system for the ctuTent transaction.
COhBEh7: (A)

4.2.1.1 7 Minimize Operator Request Requirements (Tier 3 . Design Details)
The operator should not have to complete all elements (e.g., fields) of an expert system requested
form to complete a phase of a transaction.
COhBENT: (A) ,
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4.0 OPERATOR AIDS
4.2 Decision Aids
4.2.1 Expert Systems
4.2.1.2 Planning and Consultation

4.2.1.2 1 Strategy Planning Provision (Tier 2 General)

he expen system should provide the capability to plan a strategy for addressing a problem.COmEN . The capability provided by the expen system should include: planning aids (such as nme lines.
d ds revisions

wuL.5eeu;; an evaluauon function which assesses the adequacy of the operator's plaa an recornmenl d'

where necessary; the ability to form, state and test hypotheses in a manner consistent with the operator s p an; an .
the capa:ity to store and recall plans. (A)

4.2.1.22 Strategy Support and Selection (Tier 2 General)

The expen system should be able to suppon a complete range of problem solving strategies.COhBENT: Including: reliability (i.e., falhrte rate); condnional probability; syndrome / symptom ana. lysis; signali

f h t r in
trating; half spht; and, bra:keting. The expen system should be capable of areepting direction rom t e opera o
tenns ri which strategy to employ. (A)

4.2.1.2 3 Forward and Backward Chaining Support (Tier 2
General)

The control strategy should support forward and backward chaining.
COMhENT: (A)

4.2.1.2 4 Action Simulation Mode Support (Tier 2 - General)
The system should u.pport speculative anz!ysis by providing an " Action Simulation mode" that
allows in' estigation of effects of an action withoutimplementing the action.
COhBENT: Speculative analyses are 'what if renarios. (/d

Interactive Explanation Capability (Tier 2 General)

ert system should provide interactive explanations using the facts and rules contained in its4.2.1.2 5

De ex;dge base.knowle What would
COMhEhT. Types of ques; ions en expen systems should be capable of handling include:
happen iL.7 Are there significant side effects to ?

How do x and y interact? What causes x7

What are the results (effects) of a7
Given x.how should! sis;ond? (A)

Action Simulation Mode Command and Identification (Tier 3 - Design4.2.1.2-6

Entering reconnoiter mode should require an explicit command and asult in a distinguishableDetails)

change in system output.
COhBEhT: For example, a blinking Action Simulation mode symbol. (A)

|

|
\

.
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4.0 OPERATOR AIDS
4.2 Decision Aids
4.2.1 Expert Systems
4.2.1.3 Expert System Display

Consistency of Coding Techniques (Tier 2
Consistency)

4.2.1.3 1Coding techniques should be consistently applied across the expert system.
COMhEN7: (A)

4.2.1.3 2 Critical Information Alert (Tier 3
Design Details)

If criticaliniormation occomes available during an explanation session, the system should indicate
so, via prompts or waming mechanisms, and display the information to the operator.
COhihENT: (A) (Tier

Graphic Representation of System Configuration and Parameters4.2.1.3 3

Graphics, such as a system schematic, should be available to depict relationships between system -3 Design Details)

configuration and measurable parameters.
COhihEN7: (A)

4.2.1.3 4 Graphic Representation of Rules (Tier 3
Design Details)

The expert system should be able to graphically represent its tules network and reasoning process.
COhihENT: This capability should be available to the operator as an adjunct to the explanation subsystem.
(A.D)

Status Display Using Coding Techniques (Tier 3 - Design Details)
Graphics should portray system and process status through the use of color, shading, or similar4.2.1.3 5

coding techniques.
COhihENT: (A)

(Tier 3 - Design Details)
Freeze Capability for Dynamic Information

Display of dynamic information should " freeze" during explanation sessions.
4.2.1.36

COhihEN7: (A)

4.2.1.3-7 Status Change liighlights (Tier 3 - Design Details)
At the completion of the explanation session, the system should update and highlight changs in
disolayed s alues and request acknowledgement by the operator.
COhihENT: (A)

4.2.1.3 0 Off.line Printing Capability (Tier 3
Design Details)

The expert system should have an off line printer to pemdt requests for hardcopy of data including;
screen displays (text or graphics), summarns of consultadons, lists of rules / facts invoked during a
consuhation, and summaries of hypotheses tested and data employed during a c.onsultation.
COhihENT: (A)
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4.0 OPERATOR AIDS
4.2 Decision Aids
4.2.1 Expert Systems j

4.2.1.4 Lertainty Factors
(Tier 2 General)

Certainty Factors Representation Capability
The rule set for an expert system should represent certainty factors to the operator.4.2.1.41

(A)
COhihEhi: Ceruunty factors may be contamed in the data,in one or more rules,or toth.

Use of Decimal Coding of Certainty (Tier 2
General)

Certainty f actors should be represented as a decimal number from .) to +1; with .1 indicating4.2.1.42

absolute certainty that a fact is not true, and +1 indicating absolute certainty that a fact is true.
COhihEh7: (A)

Cumulative Certainty Representation _ (Tier 3
Design Details)

Certainty factors should reflect the cumulative certainty for all elements of the conclusion being4.2.1.43

drawn.
COhihEb7: (A)

(Tier 3 Design Details)
Underlying Certainty Judgement Rationale

In addition to numerical values of certainty, the system should provide indication of rationale4.2.1.4 4

underlying the uncertainty, such as conditions when the rule is invalid.
COhthEh7: (A)

i
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4.0 OPERATOR AIDS
4.2 Decision Aids
4.2.1 Expert Systems
4.2.1.5 Explanation Facilities

4.2.1.51 Explanation Capability (Tier 1. Use)
The expett system should be capable of explaining its behavior, problem solutions, and
knowled 'e.i
COhihENT: (A)

4.2.1.52 Consistent Nomenclature
(Tier 2 Consistency)

The explanation facility should employ the same nomenclature, abbreviations and acronyms it r
system elements es those employed by the operator.
COhBEh7: (A)

(Tier 2 General)
4.2.1.5-3 Respond to Operaior Requests
The expert system should respond to operator requests to clarify questions and assertions.
COhBEh7: (A)

4.2.1.5-4 Explanation Display (Tier 2 General)

The system should display rule based and descriptive explanations, as requested by the operator.
COhnEh7: (A)

4.2.1.5 5 Strategy Explanation (Tier 2 General)

At any point during a transaction, the expert system should explain which problem solving strategy
is being employed, why a particular strategy was selected, and the current status.
COhihEhT: (A)

4.2.1.5 6 Operator Control of Explanation Detall (Tier 2
General)

The level of detail of information presented as part of an explanation or justification should be
under the control of the operator.
COhihEhrT: (A)

4.2.1.5-7 Display of Current Rule (Tier 2 General)

At any point during a consultation, the expert system should display the rule currently being
invoked.
COhihENT: (A)

4.2.1.5 8 Reprerenting Results (Tier 2 General)
At th: request of the operator, the expert system should represent forward causality,in the form of
pirdictions; and backward causality,in the form of speculative reconstruction of events.
COhihENT: (A)

4.2.1.5-9 Rule Recording (Tier 3 - Design Detalls)
ne extert system should automatically record all rules invoked during a consultation.
COhihENT: ( A)

4.2.1.5 10 Post lloc Rule Event Recall (Tier 3
Design Details)

Following a consultation, the explanation facility should recall each invoked rule and associate it
with a specific event (i.e., quesuon or conclusion ) to explain the rationale for the event.
COhihEST: (A)

Xnowledge Base Search to Operator Query (Tier 3 - Design Details)
ne explar,ation facility should search the knowledge base to locate rules or items of knowledge in4.2.1.5 11

response to specific inquirics from the operator.
|Page 21
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COhSENT: (A) |

4.2.1.5 12 Inadequate Knowledge Alert (Tier 3
Design Details) j

The explanation facility should alen when a problem is beyond its current capabilities, and instructI

as to what additional knowledge or rules are required to complete the transaction.
COhSENT: (A) l

Atl.513 Strategy Selection Explanation (Tier 3 Design Details)
:

/.. any point during a transaction, the expen system should explain which problem solving strategy
is being employed, why a panicular strategy was selected, and the current status.
COhSENT: (A)

Consistency with Operator Strategies (Tier 3 - Design Details)
The presentation of information to explain the knowledge of the system should be consistent in~

4.2.1.5 14

content and format with the cognitive strategies and mental models employed by the operator.COhihENT: Panieutar!y when the op:rator and the expen systern are independently working the sarne problem.
(A)

Strategy and Process Unders'tanding (Tier 3 . Design Details)
Explanation facility knowledge should include an understanding of the strategies and processes by4.2.1.5 15

which mies and facts are applied.
CohnENT: (A)

4.2.1.5 16 Explicit Rule Representation (Tier 3
Design Details)

Rules should be represented explicitly in the knowledge base and encoded such that it is accessible
to the explanation facility and can be translated for human understanding.
COhihENT: (A)

4.2.1.5 17 Rule Exceptions (Tier 3 Design Details)
Rule exceptions should be explicitly contained in the knowledge base and evallable to the operator
as pan of the explanation facility.
COhihENT: (A)

Access to Hypothesis Ordering Rationale (Tier 3 - Design Details)
The explanation facility should have access to the rationale by which hypotheses in a mie's premise4.2.1.5-18

were ordered. (/.)COhihENT: For etarnple, the rank ordering of decisico rule priority.

4.2.1.5 19 Explanation Detail Default (Tier 3. Design Details)
Control of the explanation facility should be designed so the opentor may specify the level of detail
as a default option at the beginning of a transaction,
COMhENT: (A) '

(Tier 3 Design
4.2.1.5 20 Expb4}non by Meart, Ends Analysis Systems

Systems employing means-ends analysis as an element of control strategy should providedifferences betwee.n the current state and goal
>

Details)- -

descriptions of the cuntnt state and goal state; state; all candidate operators, including the type / amount of diffcrence they chmmate, ar.d stragies for
| transforming the current state or revising the goal state.!

COhC4ENT: (A)

4.2.1.5 21
Provide Goodness of Fit Estimate (Tier 3 - Design Details)

When representing reasoning processes, the expen system should be capable of describing how.

observet data suppon each hypothesis under consideration and how hypotheses under -
consideration account for the observed data.
COhihENT: (A)
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INTElbPEltSONNEL COMMUNICATION5.0
5.1 General

5.11 Interactive Communication (Tier 1
Use)

Users should be able to communicate interactively with other users who are cunently using the
|

same system. i

COhiMENT: (E) |
(Tier 2 Consistency) |

5.1 2 Consistent Proceduressending and receiving messages should be consistent from one:

Procedures f or preparing,d consistent with procedures for other infonnation handling tasks.
COhihfEST: ITocedures should te the same for handimg ddierent kinds oi messages and ior messages sent to
transaction to another, an

different desunations,although procedures for handhng high pnonry messages might incorporate special actions to
Users should be able to use the sa nt procedures to enter, edit and display messages asdoes root involve formal messagesensure sper%) attention.

they use to..act, edit and display other kinds of data. Data tansmission thatrnight by pass standard procedures as in the direct Imking of tennirals, or might require s;cc a po;e uil d res as in the

ftmnsfer of data files. G)

(Tier 2 Minimizing User Actions) '

The data transmission procedures should be designed to minirruze required user actions. COMMENT: Examples -in some apphcations. software logi; rrdght prepare and uansmit messages automa :a y,
5.1 3 Minimal User Actions d ll

h f arting of stored data

denved imm data already stored in the computer; software logic might prodde automa : re ormfor transmission where format change is required; interface schware might prtnide automatic inserdon into
(E)

messages of standard header information distribudon hsts,etc.

Flexible Control of Data Transmission (Tier 2 . Flexibility of Use)
Flexible control of data transmission should be provided, so that users can decide what data should5.1 4

be transmitted, when, and where. COMMENT: Flexible control of message handling will help ensure that routine data transmissions will notl i i hich data

interf ere with a user's other activities. Esceptions are monitoring and . ycration control app icat ons, n w
transmission must often be event-dnven. (E)

5.15 Flexible Message Filing (Tier 2
Flexibility of Use) .

Users should be provided with flexible capabilities for filing copies of draft messages during
preparatien, transmined messages, and received messages, and organizing those message files. COMMENT: For most information handhng systems,it is probably desirable to design the user interface so thatli h er,

users do not have to con:cm themselves with the detailed structure of data files. For message hand ng, owevh ldbe
users will oftr n need to decide themselves whether and where to store transmitted data,i.e how messages s oul it

organned in their fihng. Appropnate computer tids should be povideo for message storage and retrieva , to term(E)
namtng of message files, grouping of files into larger " folders', and indexing the resulting file structure,

5.16 Functional Integration (Tier 2 . General)
Data transmission functions should be integrated with other information handling functions within

COMMENT: A user should not have to log off from a general data processing system and log on to same otherII data traasmission iacihties are in fact in.plernented as aa system.

speciti system in order to send or receive a message. l

senarate system, that sepxation should be concealed in user interface design so that a user can move from generainformation handling to message handling without interruption. A user should be able te communicate with otherA user should be able to tranemit data using
users without etiting an appheation in which he or she is working. d h ssing of data. (E)

the same computer system (ard procedures) used fcr general entry, editing, display, an ot er prtce

Control by Explicit User Action (Tier 2 - General)

Both sending and receiving messages should be accomplished by explicit user action.COMMEh7: Automatic message generation and receipt will be helpfulin many applications but in such cases the
5.1 7

ti d/or

uset should be able to monitor transmissions, axi should be able te aarticipate by establishing,rev w ng an(E)
changing the computer logic that cont-ci: twtomatic data transmission.
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5.18 Functional Wording (Tier 2 General)
Funcuonal wording should be employed for the terms used in data transmission so that those terms
will match users' work-oriented terminology.
COhthEhi: Fun:uonal wording should be emplnyed for prepanng and additt, sing messages, fo* initiating andin general, a user
controlling message trardmtssion and new orms of data transf er, and f or recewing messaFes*d
should not have to team the techttical details of commutu:a: ion pmtocols, codes for computer * handshaking , ata
f onnat conversion, et., but should be able to rely on the computer to han:ile those aspects of data transmission

For etample,a u er should be able to address meaaFes to other people or agen tes t- name,E)automau: ally.
without con:crn for computer addresses, communi:ation network stru:ture and touting.

5.19 Automatic Queuing (Tier 2 General)
The computer should provide automatic queuing of outgoing messages pending confirmation of
transmissi s, and of incoming messages pending their review and disposition. Insertion into messages of standard header

For example, interface software might provide automati: E)
mlormanon, datnbuuon hsts, et., or provide sutomati record keeping. message logging, status displays, etc.COhihEh*1:

5.1 10 Interrupt (Tier 3 - Design Detal!s)
Users should be able to interrupt message preparation, review, or disposition, and then resume any
of those tasks from the point of interruption.
COhihEh7: E)

5.1 11 Message Ilighlighting (Tier 3 Design Details)
Software capabihties should be provided to annotate transmitted data with appropriate highlighting
to emphasize alarm / alert conditions, priority indicators, or other significant second order
information that could affect message handling.
COhihENT: Second-order informaticri, t.e data about data, will of ten aid the handlir:g and interpretation of
messages. Such annotation might be provided automatically by sof tware logic (e.g., a computer.genersted date-ume
stamp in indicate cunency),or might be sdded by the sender of a message to etaphastze some significant featet(E)
(e.g., attenuon anows), or by the rtetiver of a message as an aid in filing and retrieval.

5.1-12 Printing Messages (Tier 3 Design Details)
Within the constraints of data sec.trity, users should be able to generate printed copies of
transmitted data, including messages sent and received.
COhihENT: User requurments for printed data aft often unpredactable and ginting testrictions may handicap task
performan:c. Rather than testnet pnnung, apprtynate procedures for testricting further distribuuon of pnnted
messafes should be employed. (E)

r

,
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INTER. PERSONNEL COMMUNICATION5.0
S.2 Preparing Messages

5.2 1 Stored Message Srms (Tier 1 Use)

When message formats sb d conform to a F Ned standard or are predictable in other ways,
prestored forms should ),pruided to cid usen m message preparation.COhBTENT: it mFY also be d sir 21e to enable users to modify stored forms for their om F*rposet an to e

d d fme
i n for

and store their own message fous. For example, a stored forre might be used to create a rout ne repo
transmdsion n a stancard distribution list G)@

Automatic Message Formatting (Tier 1 - Use)e,

When data must be transmitted in a particular format, as in data forms or formatted text, computerfak 5.2-2

aids to generate the necessary format automatically should be provided.N ,

COMMENT: It is not sufficient merely to provide capur.r checking of formats generated by the user. Computers
-

When trantinitting data, a user should not have to-

should help users to avoid errors, and not ju t to identify enors.
ey 3)

27 com en those dca from whatever format was used originahy for data er.try."g
5.23 User Designed Message Formats (Tier 1

Use) nd
When required message formats will vary unpredictably, users should be able to er
transmit messages with a format of their own design. :de lied fields,

COhBIENT: Establishing new formats,partirularly if automatic data validation mur.in :o all

may require speciaMills. Therefore this capaNhty trSht be provided to a system ,
system usert @)

5.2-4 Unfotmatted Text ihr 1 - Use) 1.e 2 transmit messages as unformtttet '

COMMENT: Allowing usen to Leate arbitra.y wt mesnges (sometime, called *cna:ter*) willlet rec d.al
.

Users should be able to coct:r
,

'

(E)
flexibiy with a variety of communication teeds not and;ipated by system designus.

f, (Tier 2 - Censistency)
Message Composition Compatible witia Data Entry

Procedures for composing messages should be compatible with genen1 data entry ex:edtues,5.2 5 >

especially those for text edidng.COMMEhT: A user should not have to learn pocedures for entaing message dat.1 that are different imm moreil

general data emry, p:stricularly if those procedures might involve conflicting habits. In systeriv.where spec a
'

bl hoose

editmg capabilities are available for special tasks, as in some programming systerns, users should be a e to c(E)
whether a special computer edia will be :tsed for truseage prepara: ion.

f.2 6 Flexible Data Specification. (Tier 2 - Flexibility of Use)

Users should be provided with flexible means for specifying the data to be transmitted.COhBIENT: When preparing a message, a user may Msn to specify dua tole inc.luded it. .ae message by selecting
(E)

a particular file, ei:her all or a designatr.d part, or 1 y dLming a data cazegory.

Variable Message Length (Tier 2 - Gmeral)5.2-7

Users should be able to prepare messages of any length.COhBTENT: In particular, data transmission fa:ilities thould not lir < thelength of a message to a single displayi d by
screen or to some ftxed numhm of lines. Tnere will usually be some implici limit on message length mpose

t
h

storage capacity or the amount of time it would take to traasmit a very long message. However, a user mig ti d by a
sometimes choose to increase s: ora;;e or accetx transmissien delays in crder to send a long message requ re4

panicular task. (E)

5.2-8 Data Forms (Tier 2 - General)In preparing data forms for transmission, users should be able to enter, review, and change data onf
an orgamzed display with 5 eld label: rather than being required to deal vdth an unlabeled string o

, unlabeled data strings, especially those requiring delimiters to markItems.
COMMENT: User compositjen and revies

. . , _ Page 3
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items, will be prone to enor. If such data stnngs are needed for ceonomy of transmission, they should be generate
by the computer automatically from data entered in a farm filling dialogue. (E)

(Tier 2 General)

5.2 9 Tables and Graphic $In preparing tabular or graphic data for transmission, users should be able to enter, review, and
change data in customary formats.COMM*hT: Regan11ess of what the cornputer imrosed format will be for ae.ual transmission purposes. Forf n though the

example, tabular data in rnessages should be prepared (and later received)in row column onnat, eve(E)-
table entnes might a:tually be transmitted as a coded strinE of data items.

5.2 10 Incorporate Existing Files (Tier 3 - Design Details)
Users shoult oe able to incorporate an existing data file in a message, or to combine several files
. into a single message for transmission. COMMENT: It should not be necessary for a user to re-enter for transmission any data already entered for otherii

Purposes. It should be possible to combine stored data with new data when prepw g messages for transm ss on.
'

(E)
(Tier 3 - Dnign Details)

Users should be able to incorporate other messages in a messas;e being prepared fctr transmission.
5.2-11 Incorporate Other Messages

For example, a user might wish to forward with commenu a message received from someone else.
CCMMElsT:
(E)

5.2-12 Editing Address ' Fields (Tier 3 - Design Details)
Users should be able to edit the address fields in the header of a message being prepared for
transmission.
COMMENT: (A)

5.2 13 Saving Draft Messages (Tier 3 - Design Details)
Users should be able to save draft messages during their preparation, or upon : heir completion.

A user should tot be forced to recreate a mesnige if its prepannion is interruped fot icvne reason.
Users should be able to specify how to save draft messages (i.e.,in what file).just as they may det.ide how to saveCOMMENT:

copies of transmitted and received messages. (E)

(Tier 3 - Design Detalts)
5.214 Message StorageUsers should be able to save or delete messages na! tey h.ve created prior to or afta sending.*

COMMENT: (D)

,

.
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INTER. PERSONNEL COMMUNICATION5.0
5.3. Addressing Messages

5.3 1 Destination Selection (Tier 1
Ust:)

Users should be able to specify the destination (s) to which data will be transmitted. Specification of message desunanon might be in terms of system users, as individt'als or groups, orStandard destinadons may
COMhENT:
other work stations and terminals (includmg remote pnnters),or users of other systems.l d s

be specif ed as a maner of rouune procedure, with special destinationse:3ignated as needed for particu ar transae on .
For most applications,it is important that users be able to send a tressage to multiple destmations with a single.

ll addresses to all recipiems, so thath

transmission actio For muldple recipiems. it will usually be helpful to s ow asage. In some cases, however it may be desirable to permit
they will know who cl:? bt received the
tmnsmission of 'bimd" copies. 5)

(Tier 2 Minimiziag Use Actions)
5,3 2 Automatic Addressing of Reply
The appropriate address (es) should be automatically provided for users responding te messages.
COMMENT: (E)

5.33 Standard Address 11eader (Tier 2
General)

For addressing and identifying messages, a basic set of header fields should be provided that can
be interpreted by all systems to which users will send messages.COMhiEST: In any pardeular system,it should be possib'c for users (or a system admimstrator) to spe:ify

'

b different types of
addadons to the standard header fields in order to convey more descriptive information a outd

messages. Possible additions to the basic address fields might include SUBJECT, KEYWORDS, an
REFERENCES, he address of a recipient should occur only once in a message. For example, basic header fields(E)
might include DATE, TO, FROhi, COPES, and perhaps some message identification number.

5.3 4 Prompting Address Entry (Tier 2 - General)
When a user must ;.pecify Ae addTss for a message, prompdng should be provided to guide the,

C0hihENT: Famptmg might consist of a series of gresnons to be answered,or an address form to be completeduser in that process.

(E)b" the user, or reminders of command entries that mey be needed.

5.3J Address Verificathm (Tier 2
General)

Computer checks for address accuracy (i.e., recogmzed content and tormat) should be provide.d.-

COhihEh7: (A)

User Assigned Nicknames for Addressing (Tier 3 - Design Details)
Users should be able to define nickt:ames for formal addresses, to save those nicknames in their5.3 6

own files, and to specify those nicknames when addressing messages. COMMENT: There are several implications to ccch a nickname capability.First, a user might wish to assign
:
,

nicknames to computers and other devices (e.g primers) as well as to people. Second,if a user defines a nickname,file. Third, nicknamts must
the computer must check to ensure that the rdckna,ne is unique in tht user's nickname'

take preadence over syste n names when a user addresses a message; i.e., the cce.puter must check the user snickname file before checking the system-wide address list. Founh, nicknames douLot M transmitted; i.e., the
computer should automatically transform nicknames into standanl system addresses when completing the address
header for message transmission. (E)

5.3 7 Address Directory (Tier 3 - Design Details)
Users should be provid-J with a directory showing all acceptable forms of message addressing for|

each destinati.ri in the system, and for links to external systems.
COMMEST: In addition to the names of people, users may need to find addresses for organiza:ional groups,
fun:tional positions, oth-r computers, data flies, work stations, and devices. The directory shoidd include

(E)
spectfi:ation of system dte Tution lists as well as ind2vidual addresses.

5.3 8 Aids for Directory Search (Tier 3 - Design Details)
Page 5
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Computer aids so that a user can search an address directory by specifying a complete or panial
G)

name should be provided. COMMENT: Users will often remember a par 6al address, even if they cannot remember its complete form.

5.3 9 Extracting Directory Addresses (Tier 3 - Design Details)

Users should be able to extract selected addresses from a directory for direct insertion into a headerin order to specify the destination (s) for a message. Users may also wish to extract addresses from
the directory in order to build their own distribu6on lists, or add to a * nickname * file. COMMENT: Ducct insertion of addresses from a du-ctory will avoid erwrs which e user might make in manual
transert' tion and entry, as well as being faster. (E)

5.3 10 system DistrDution Lists (Tier 3 - Design Details)

Formal distribution lists recognized by the system should be provided so that users can specifymultiple addresses with a single distribution list name. Recognized system distribution lists need.

not be expande to the names of individual addressees when a message is transmined.d

COMMENT: For example, a hxmal distribution list might Iz: maintained of people who are working on a
particular project, or who are members of a panicular orgamzational group. 'Ihe authonty to use system distribution
hsts rnay be tunited in some cases. For example, not everyone might te permined to send messages to a
distribution list of all employees in alarge organaation. (E)

5.3 11 Informal Distribution Lists (Tier 3
Design Details)

Individuals or groups should be allowed to create their own informal distribution lists for local use.
As a procedural matter,inferrral distribuuan lists shared by a group might be created and maintained

by some designaled custodian, who could contr;il access to each hsts. Whereas any individua! user's personaldistribution hsts might be changed freely. Such informal group and individual distribution hsts should be expanded
COMMENT:

(E)
by the computer to show individual addressees prior ta message transmission.

5.3 12 Access to Distribution List Information (Tier 3 - Design Details)
Users should be provided with information about distribution lists on which they are included, and
about those distnbution lists which they are authorized to use.
COMMENT: Users should be able to discover the name: of all people on dis:ribution lists they are authorized to,

( use. (E)+

5.3 13 Serial Distribution (Tier 3 - Design Details) i
Where coordinated review of messages by several recipients is required, the sender should be
allowed to specify a senal distribution so that a message will be passed from one recipient to the
next.
COMMENT: (A)

e

,

(
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INTER-PERSONNEL COMMUNICATION5,0
5,4 Initiating Transmission

User Initiated Transmission (Tier 1 - Use)Users should be able to initiate data transmission directly, by entering a single, explicit SEND5,4 1

COMMENT: In applicarit.ns where message review is entica users might be required to take some estraIn some routine repomng situations it might help to initiate
command,

CONFIRM action to release data for transmission. ii themselves.

message transmission automadcally. More oftt;n, however, users will wish to initiate transm ss onU:er control of initiation could perrnit a user to review and edit prepared messages txfore sending them, and possibly
5)catch some mistakes before they are propagated.

User Review Before Transmission (Tier 2 - General)When computer aids are provided for preparing, addressing, and initiating message transmission,5,4 2

users should be able to review and change messages prior to transmission.
COMMENT: E)

5,4 3 Assignment of Priorit) (Tier 2 - General)When messages will have different degrees of urgency, the sender of a message should be allowedtically.

to designate its relative priority, or else have the computer assign priority automaCOhatENT: The computer might impose limits on thr, priority that any panicul I user can assign to messages.
5)
5.4-4 Computer Initiated Trant mission (Tier 2

General)

Wht.i standard messages mum be transmitted, as when a computer is monitoring er.temal eventsll
and reporting data change, computer aidi should be provided to initiate trar.smission autcimatica y,
COMMEN7: Automatic transmission of roudne messages will reduce user workload and hcip ensure timelyh

repomng. However, users should be able to monitor autcmatic message inidation, and may sometimes wis tolf ystem

modify it.itiation logic. Appropriate review / change procedures should be provided, perhaps under contro o a si f
administrator. For example, many operath,ns-monitoring tasks might benefit from autornade generat on o
messsges to report mudne events. G)

Automatic Queu;ng for Transmission (Tier 2 General)

Automatic queuing of outgoing messyes should be provided, in order to reduce the need for user'

5.45
,

te routine processing of data transmission.
COMMEhT; :pcific rquirements will varr with the application, but some queuing should be provided. Forinvolver

dditssees are
example, the computer might queue outgoing messages when communicador, channels to some ab t Mished. $)
Tempora'ily unavailable, and then initiate transmission autoruui: ally when a link can e es a.

5.4 6 Cancel Tresmission (Tier 2 - General)Senders should be allowed to cancel a request for transmission of a message that has not yet been
tm.
COMMENT: (E)

5.4-7 Optional Message Display (Tier 3 - Design Details)
Fer sending messages, users shouh be able to choose whether to transmit a displayed version or
to transmit directly from computer- cred data files.COMbiENT: Message transmission from' displays will pennit a user to review and edit messages befrr , mndinghaving first to display that
them. But usets might somedmes wish to transmit a prepared message directly, without
treasage for review. (E)

(Tier 3 - Design Details)

5.4 F Information About Communication StatusUsers shoula b: allowed access to status infomation concerning the identity of other sys'em users
currently en-line, and the availability of commun. cation with extemal systems. COMMENT: Such information may influence a user's choice of destinations and choice of commcnication

Page 7
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i i duretly
methah, as we!! as the decismn when to inina transmission, For example, a user might choose to mi i active
with another user who ts tunently on-ime, but rnight cornpsse a message for delened transmiss on to an n
uset, (E)

5.4 9 Sender Identification (Tier 3 - Design Details)
When a message is sent, the computer should append to it Gelds showing the sender's address,
and the date and tirne of rnessage creation and/or transmission.
COMhiENT: Recipients will Fenen Uy need to know the ongm of any received rnessage. For some messages, a
simple identification of the sender may he sufficient. In special situanons, however. It may be necessary to provide
spectal prucedures f or authenticattng a sender's identity. For some appbcanons, recipients must know when amesuge was created,in order to aswss the currency of its contents. For otner applicauons, users may need to know

h f tung
wben a message was transmitted;its time of creauon might not be important. Like ot er orma
secommendations, tius guideline would rot apply when data transmtssion may be accomphshed without formal
messages, i.e., transmission by direct Imkang (where no formal headers are prepared) or by file transfer (where header(E)
information might te sent as a separate message rather than incorporated m the tnmsmitted data file).

5.4 10 Deferring Message Transmission (Tier 3 - Design Details)
Users should be able to defer the transmission of prepared messages, to be released by later action.

A user might wish to defer data transmission until a batch of related messeges has been prepared, or
perhaps until some specified date time for release. For exarnple, prepared messages might be left in some * outbox'
COhihtEN7:

(E)file for subsequent transmission when a user has fmished an entire batch.

5.4 11 Iteturn iteceipt (Tier 3 - Design Details)
Message transmission with "retum receipt requested" should be provided if users will require that
capability, Any " registered mail" of this kind should be labeled as such for all recipients of this
rnail.
COhihiEST: The logic of what constitutes message * receipt * might vary from one application to another. Where
sender and rrccam share a common system, receip trught be defined as occumng when the recipient actually requests
display of an incoming message. Where sender and receiver win wi;h different (and perhaps dissimilar) message
systems, receipt might be defined more tenuously. For cammple, a message might be considered " received' when the
recipient is merely notified of its amval, or operc, an 'in4m' pennining potential access to that messagt, (E)

5.4 12 Printing Messages (Tier 3 - Design Detalis)
Users should be able to print copies of transmitted or untransmined messages in order to make
hard-copy records.
COhihiENT: User requirements for pinted data are of ten unpredictable to system designors, and so a general
pnnting capability should be provided. In some applications, however, security constraints might make printed

,

records inadvisable. (E)

,
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INTER PERSONNEL COMMUNICATION
F

5.0
5.5 Controlling Transmission

5.5 1 Automatic Feedba:k (Tier 2
General)

Automatic f eedback for data transmission confirming that messages have been sent or indicatingti ipation m
transmission failures should be provided as necessary to permit effective user par c

COhEEST: Users might require notification only of excepdonal circumstances, as in the event of transmissionmessage handling.

failure after r peated attempts. For the electronic equivalent of registered mail. it might be helpful to provide thed h

sende' confirmation that a message has been successfully transmitted, or possibly even to notify the sen er w en ali i

recipient has actually read (displayed) the message. Specific infon ' ation requinments will vary with the app cat on.
but some feedback should be provided. G)

5.5 2 Queuing Messages Received (Tier 2 - General)
Default logic should be provided so that, unless otherwise specified by a user, the computer will
route incoming messages automatically to a queue ("in-box"), pending subsequent review and

COhBENT: Some computer buffering of received messages will be required for a user who is not logged on, anddisposition by the user. ff
also to deal with near simultaneous receipt of multiple transmissions. The recommendadon here is that the bu er
queue for incoming transmissions be enlarged as necessary to permit indefinite retention of messages. Any. queue(E)
will have limits, of course,and the user should be wamed before those limits are exceeded.

5,5-3 Saving Undelivered Messages (Tier 2 - General)
If message transmission is not successful, automatic storage of undelivered messages should be
provided.COhBEhT: Transmission failure should not cause loss or destruction of messages, and should not disrupt the
sender's work in any other way. (E)

5.5-4 Notification of Transmission Failure (Tier 2 - General)If message transmission is not successful, the sender should be notified,if possible with an

explanation of the problem.COhBENT: It may help a user to know whether transmission has failed because of faulty addressing, or(E)
communication link failure, or some other reason,in order to take appropnate corrective action.

User Specification of Feedback (Tier 3 - Design Details)
'

.

, 5.5 5Users should be able to specify what feedback should be provided for routine message
transmission, and also to request specific feedback for particular messages.
COhBEhT: Users may wish to specify mintmal feedback (or perhaps none at all) for routine messagei f critical
transmissions. On the other hand, users may wish to request more specific feedback for transm ssion o
messages, as sn elecuonic equivalent of registered mail. (E)

5.5-6 Single Copy Traiismission (Tier 3 - Design Details)

Only one copy of any message should be transmitted to any irdividual addressee.COhBfENT: he problem of duplicative message transatission might arise if the same address should appear in
both the TO and COPY fields of a message header, or appear once explicitly and again in some added distribution
list (s). hus one way to avoid message duplication is to ensure only a single ypearance of each address in a
message. If that is not practicable, then checking logic should be provided to transmit a single message to duplicated
addresses. If for any reason a user did want to send multiple copies of a reessage to a single recipient. that should be
specife.d explicitly in message transmission, rather than being accomplished by duplicate addressing. Receiving
saultiple copies of the same message can be confusmg to a user, and willimpose an unnecessary burden on the
review and dispasition of received messages. (E)

5.5-7 Queuing Failed Transmissions (Tier 3 - Design Details)
In the event of transrrdssior. failure, automatic queuing :o preserve outgoing messages should be
provided.
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Automatic queump and retransmission of outgoing messages will reduce the need for user attent on.f

If transtmsson f ails in repeated auempts, however, then user mtervenuon may be required, and some notificanon oCOMMENT:
ddressing.the user should bc

that problem should be given to the user, if transmission fails because of f aulty a
noufied immediately. (E)

,

5.5-8 Message Recall (Tier 3 Design Details)
Users should be able to recall c.ny message whose transmission has been initiated,if it has not yet
een received by its addressee (s).
COMMENT: If a message to several addressees has been seen by some recipients but not by others, then it would
be subject only to pamal recah; countermanding might b" a b-Iter solution. Users should be able to change theirll ill vary

minds,in situations where a message may have be.:n sent by nustake. The difficulty of message reca wb ) then its recall,

wnh the circumstances. If a message is still in the *out-box" (i.e.,it has not yet actually een sent ,|
can be accoruplished si.aply by cancehng the transmission request. If a message has been trr.nsmitted but not yetd If a
n:tually received (i.e., it stillitsides unread in a recipient's "m box"), then perhaps it can still be rttneve .f i i t has .

message is ttcalled before its intended recipient has seen it, that reapient need not be notified. I the rec p enseen it. then the sender should be notified that the message cannot be recalled, in that case, the message m g ti h be

(E)I
canceled or countermanded procedunt!1y, by sendmg some follow-up message.

5.5 9 Automatic Record Keeping (Tier 3 - Design Details)
When a log of data transnussions is required, that log should be automatically maintained, based
on user specification ot' message types and record formats.

i

COMMENT: he objecove here is to minimtre routine * housekeeping * chores for the user. Once a user has!

specified the appropnate log-mg format (i.e., what elements of each message should be recorded), computer aids
should generate the log aatomatically, either for all messages, or for specified categones of messages, or for

(E)parucular messages identified by the user.

I

|
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INTER PERSONNEL COMMUNICATIONI
5,0'

5.6 Receiving Messages
(Tier 2 Consistency)

Message Review Compatible with Data Display
Cor.:puter aids and procedures for reviewing messages should be consistent with other system5.6 1

ldata
capabilities for general data display.

COMhENT: Users should not have to leam prtnedures for reviewing messages that are different from generadisplay, panicularly if those procedures might involve conflicting habits. Usets should be able to page or scromight manipulate any oth *r dita
ll

j h

through a summary list of messages, or a panicular displayed message ust as t eydisplay. Users should be .sble to select items from a displayed summary list of messages, just as they might se ect
l

$)items from a displayed menu of control options.

5.6 2 Message Notification at LOG ON (Tier 2
General)

When users log on to a system, they should be notified of any data transmi ions received since
COhBiENT: If automan: notification of received messages is not feasible, users should be able to check fortheir last use of the system.

ome

rnessage amval by requesting irJctmation from their general data processing system, without having to access sw

special message handling system for that purpose, At the least, a user should be able to find out how many neh b en
messages have arrived. Depending on the application, a user might wish toknow that some message as eG)
received, or how many messaEes, or whu ktads of messages.

.

5.6 3 Specifying Sources (Tier 2 - General) J

For receiving messages, Users should be able to specify from what sources data are needed,

COhBENT: Source specification might be in terms of data files, or other users,or extemal sources. Standard
and/or will be accepted.

i l

sources might be specified as a maner c.f routine procedure, with spectal sources designated as needed for part cu arh l ctronic equivalent of
transactions. Computa-tredtated message handling offers thr. potential for screenmg out t e e e
' junk mail * or * crank calls". A user might choose to be selective in specifying the people or organizations from(E)
which *nessages will be received, or in specifying data categories of interest.

(Tier 2 - General)Nondisruptive Notification of Arriving Messages

For messages arriving while a user is logged on to a system, notification of nessage arrival shnrldnot interfere with that user's other information handling tasks. Review and riisposition of received
-

5.6-4
<

messages, like other transactions, should gererally require explicit actions by a user.COhBEh7: An incoming message should not prwnpt a user's work:ng display. Instead, the computer mightWhen an
indicate message arrival by an advisory notice in a ponion of the display rrerved for that purpose.
incoming message implies an urgent need for user attention, the user should be notified immediately. - E)

5.6 5 Indicating Priority of Received Messages (Tier 2 - General)
In applications where incoming messages will have different degrees of urgency, i.e., different
implications for action, recipients should be no:ified of message priority and/or other pemnent

COhBENT: Notification of urgent messages might be routed to a spectal area of a user's wortang display forimmediate reference, whereas notification of routine messages might be deferred, or p::rhaps routed to a printer for
information.

review at the user's convenience. Ifincoming messages are queued so that their arrival will not interrupt current user
(E)

tasks, ti.en users should be advised when an intemiption is in fact remry.

User Selection of Messages' (Tier 2 - General)
The user should be allowed to select any message from an ordered queue with a single action.5.6-ti

COhBES7: (D)

5.6 7 AuthenticaHng Message Sources (Tier 3 - Design Details)
When a user must confirm the identity of a message source, computer aids should be provided forj

that purpose.
COMMEb7: (E) I

.

_ _



r* *:.

-

5.6-8 Specifying _ Device Destination- (Tier 3
Design Details)

For receiving messages, usen. should be able to choose the method of receipt,i.e., what devicei able,

(files, display, printer) will be the local destination. If a specified receiving device s not oper
srch as a printer that is not tumed on, the computer should call that to the use/s attention.d h

COh&fENT: When messages are received via display, que'nns of incoming messages should be provide so t atDcvice destination might be

they will not '.nterfere with use of that display for other information handling tasks.T in d data

specified differently for different typ:s of rnessages, or for messages received from diff erent nures. r:stsm ei display for quick

might be received directly into computer files, incoming messages might be routed to an electron c
(E)review, and/or to a printer for hard-copy reierence.

(Tier 3 Design Detatis)
5.6 9 Filters for Message Notificationfihers" based on message source, type, or content, that will
Users should be able to specify "ded for incoming messages.
control what notification is proviCOhBIENT: Fu examp!c. a user might wish the anival of all messages from a particular soerce to produce a-

special notincation of some sort. (E)

Filters for Ordering Message Review (Tier 3 - Design Details)
Users should be able to specify " filters" based on message source, type, or content, that can5.6-10

control the order in which received messages will be read.COMMEh7: The aim here is to facilitate flexible user control over the review of incoming messages, inid (E)
paruculat, a user shodd not be constrained to read incoming messages in the order in which thcy are rece ve .

5.6-11 Filters for Message Filing (Tier 3
Design Details)

Users should be able to specify " filters" based on message sotirce, type, or content, that will
control how messages should be filed. (E)
COMMENn Fct example, a user might want to file in a single "faMer" all messages about a 1srticular topic.

5.6 12 Warning of Incompatible Format (Tier 3 - Design Details)
If a message (or other data transmission) arris es in a format incompatible with system decodingand/or device capabilities, the intended recipient should be adytsed to take some appropnate acuon
that will not destroy the message itself or any other daa.

COMMENT: In some instances a recipient might be able to resolve a format problem by changing the devicedestination specified for a panicular message. Failure of message delivery shocid not disrupt any other work of the
For exarr.ple,the anivsl of some message with an unrecostuzed format,or the attempted

delivery of a Fraphic message at a text.only temunalabould not cause any system failure. Such an undelivemblemessage might be saved in a system file for subsequent dispe:ition. Or that message (or some notinca: on) m g t
intended recipient.

3 i ih

For example,if the user of an alphanumeric ternunal should receive a message that
includes nondisplayable graphic symbols, then the compuzer might notify the user and offer panial display of thebe retumed to its sender.

readabh portions of the message. (E)

5.6 13 Indicate Message Size (Tier. 3 - Design Details)
Some indicsti:m of message size should be included in rummary listings and at the beguutmg of

(E)
C0hBIENT: For examp!c. message size might be WWM as nuniber oflines, and indica:ed in its header.
each message.

5.6-14 Inferrnation about Queued Messages (Tier 3 - Design Details)
Users should be able to teview summary information about the type, source, and priority of

queuedincoming messages.COhBIENT: In some applications, a user might need notification only of urgent messages, and rely on periodicl id

review to deal with routine messages. Summary informa:ico about queued incoming messages should he p gu e
message review. (E)

(Tier 3 - Design Details)
5.6 15 Specifying Format for Message Listings
Users should be provided some means to specify the crder in which header Belds are displayed in

Page 12
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rnessages and in message summary listings,COhDENT: Users should be able to assign rismes to various stored header format specifications of this kind, soh should list the
that a particular desired header format might be invoked by name. At the mirdmum,t e queued d

message title, sender,date, and time of receipt The default order for the queue should be according to the ate ani h the topic on the first line, or
tune of receipt For different purposes, a user might wish to display messages w t
with the sender's name en the first line. (D.E)

5.6 16 User Review of Messages in Queue (Tier 3 - Design Details)

Convenient means should t,e provided for use' review of received messages in their incomingquea:, withcut neccssarily requiring any funhc disposition action, i.e., without removal from the
COMhENT: Rapid review of queued messages will permit a uer so exercise judgmem as to which requirequeu:,

immediate anention, and/or which can be dealt with quickly, Other messages may be lefiin the queue for

disposition later. A user with limited facihtirs for data storage might not be able to accept for imrnedsate filing allof the messages received during a prolonFed absence from the system. In such circumstances it seems clear that t eh

i l

user should be able to review received messages before deciding which to store in personal files. In some operat ona
appbcations, user raview of entical messages mignt be accompanied by a requirtment for f':-ther actions to ensure
umely regonse. E)

5,6 17 Labeling Received Messager (Tier 3 - Design Details)
Users should be able to assign their own names and other descriptors to received messages. In the
absence of labeling by a recipient, the computer might assign by default whatever desuiptors have
been provided by the rnessage sender,COhihENT: A user mifat wist, to file received messages for future refuence. User. assigned labels could help

(E)
identify a stored rmssage ar'd distinguish it from other filed mess;q;es.

5.648 Annotat*.ng Received Messages (Tier 3 - Design Details)
Usus should be able to append notes to a received message, and ensure that such annotation will

be displayed so that it will be distinct from the message itself.COMhEST: In most applications, users should not be allowed to make chriges in received messages. Any such
changes would simply provide too much chance for resulting confusion. But users should be able to append, file,and display in some distinctively separate fctm, their own commem> about received messages. If changes are desired
in a message itself, then its recipient might make a copy of that message (with appropriate change ofits header
information) and then edit that copy. (E)

5.6-19 Discarding Messages (Tier 3 - Design Detalis)
Users should be able to discard unwanted messages without filing them, or even without reading

-

COWENT Learding messages,like other user acunns, should be reversible. That is to ray, a discarded message
them.

slowld be filed temporarily in some * wastebasket" f:nm which it could later be retrieved if the user has not yet left'

the system. (E)

i

|

|

;
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INFORM ATION PROTECTION6.0
6.1 Gencral

6,1 -1 Automated Security Measures (Tier 1 - Use)
Whn required, automated measures to protect data security should be provided, relying on
computer capabilities rather than on more fallible human procedures.COhiMENT: %r protecuon against unauthoriud users, who may be intrudcrs in a system, the need for u omatedli f
secunty measures is clear. For legitimate users. the need for data protection is to minimize data loss resu t ng rom
potennally Jestructive equipment failures and user errors. Even careful, cons:ientious users will sometimes make(E)
mistakes. and user interfa:e logi: should be designed to help mitigate the consequences of those mistakes.

' Tier 1 - Use)6.la Warning of Threats to Security
Messaps ard/or alarm signals in order to war.. users (and system administrators) of potential3 id d

threats to data security (i.e., of attempted intrusion by unauthorized users) should be prov e .COhSTENT: Far protecting cata from unauthorized use,it may not be enough merely to resist intru. ion. It mayc

also be helpful n the computer can detect and report any intrusion r.nempts. In the face of persistent intrusion
aneupts. it may be desirable to insutute countermeasures of soma sort, such as changing t'ser passwonis or

,

(E)
establishing other more stringent user authentication procedures.

e

-
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COMMENT: Coven entry of passwords will prewnt casual cavesdropping by onlookers. This represents an? h visuas,

excepdon to the general recocmendation that aU e uries should be displayed. Audio feedback, m cr t an
may be considered for entenng secure passwords ouring log m. (C.E)

(Tiei 3 - Design Details)
Single Arithorization for Data Entry / Change

User aThorization for data entry / change should b: established at irutial LOG ON.6.2 9

COMMENT: (E)

.

-

i
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' 6,0 INFORMATION PHOTECTION
6.1 General

6.1 1 Automated Security Measures (Tier 1 Use)

When required, automated measures to protect data security should be provided, relying on .
computer capabilities rather than on more fallible human procedures.
COMMD7T: For trotection against unauthothed users, who may be intruders in a system, the need for automated -li f
secunty rneasures is clear. For legiumate users, the om.d for data protection is to minimbe data loss resu t ng rom
potenually destn;;uve equipnent failures and user errors. Even careful, conscientious users will mmeumes make(E)
mistakes, and user interface logic should be designed to help mitigate the coruequences of those mistakes.

6.1 4 Warning of Threats to Security (Tier 1
Use;

14:ssages and/or alarm signals in order to warn users (and synem admmistrators) of potentialided,

threats to data sceurity (14, of attempted incrusion by unauthorized users) should be provCOMMENT: For protecting data from unauthorized o'e, h may not be enough merely t'a resist intrusion. It may -
also te helpful if the computa can detect and repon any intrusion attempts, in the face of persistent intrusion
anempts, it may be destruble to insatute countamcasures of some sort. such as changing user passworls or,

(E)
estabihning other more stringent user authentication procedures,

-

,

,
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INFORMATION PROTECTION6.0
6.2 User Identification

(Tier 2 - Memory Load)
Auxiliary Tests to Autlanticate User Identity

When system security requitec more stringent user identification than is provided by password6.2-1
i i i practical

entry, auxiliary tests should be devised that authenticates user identity without mpos ng m
'

-

demands on users' memory.
COh' MENT: E)

6,22 Easy LOG ON (Tier 2 - General)
The LOG ON process and pro-edures for user identification should be as simple as possible
consiuent with protecting data from ur. authorized use. Authentication of user identity is generally not enhanced by requiring a user to enter routine data such

'i dby other
as terminal, telephone, office or project numbers. In most organnations, those data can readily be obta neCOhihENT:

d l
people. If vetification of those data is needed, the user should be asked to review and confirm currently store va uesE

E)in a supplementary procedure following LOG.ON.
*

.

6.23 Prompting LOG.ON (Tier 2 - General)
Th . LOG.ON process should provide prompu for all user entries, including passwords and/or
whatever other data are required to confirm user identity and to authorize appropriate data
access / change privileges.

3 COhiMENT: E)

6.2-4 User Choice of Passwords (Tier 2
General)

When passwords are required, users should be allowed to choose their own passwords.
COMhENT: Wtere data protection is critical, user selected passwords should be tested against a hst af comtr.on
pa' swords ('me', car types, names spelled backwards *ydnA*, biah dates, etc.). A passard chos n by a user will
generally be easier for that individual to remember, User choice is especially help'u! when passwords must be

(E)
periodically changed, with changing demands on memory.

6.2 5 Limiting Unsuccessful LOG ON Attempts (Tier 2 - General)9^

A maximum limit on the number and rate of unsuccessful LOG-ON attempts should be imposed.
COMMEhT: These limiu should provide a margin for user ermr while pmtecung the system from perststentA record of continuing failurt by any particular ttser to complete successful LOG.g

ON procedures, including passwad entry and other tests of claimed user identity, may indicate perststent intrusionanempts. Repeated LOG-ON failures might thus be grounds for denying access to that user, Access might be denied
attempts at illegitimate access.

4

d t tor.

temporarily for some computer imposed time intervs!,or indermitely pending review by a system a muus ra
Legitimt;e users will sometimes have diffeulty comptering a successful LOG-ON, perhaps due to inattention, or a
faulty terminal, or faulty communications. Cwa A=1 LOG-ON l>dlures of that kind should be tolerable to the
system, with the user simply mvited to try again. (E)

6.26 Continuous Recognition of User Identity (Tier 2 - General)
Once a user's identity has been authenticated, whatever data access / change privileges aIt
authonzed for that user should continue throughout a worlt session.
COMMENT: If an identified user is requaed to take separate accons to authemicate da:a handling transactions. such
as axessing pmicularly sensitim ftles i:t issuing particulz/ commards, the efficiency of system operations may be
degraded. Where continuous verifcanon of user i&r tity seems required for data protection, scene amamanc means of{E)identification might be employed for that p upose.

Changing Passwords (Tier 3 - Design Details)6.2-7
Users shculd be able to change their passwords.
COhatENT: A user may sometimes suspect that a password has been disclosed.and thus wish to change it. - (E)

6.2-8 Private Entry of Passwords (Tier 3 - Design Details)
When a password must be entered by a user, password entry shoull not be displayed.!

IPage 2
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COMME?R: Covert entry of passwords will prevent casual eavesdropping by onlookers. This represents an .c.sception no the pereral ter.ornmeadation that all entries should be displayed. Audio fcedba-k. rather t an v su .h i al

(CI)
may be considered for entering secure passwords during log-on.

(Tier 3 Design Details)
Single Authorization for Data Entry / Change

User authorization for data entry / change should be established at initial LOG ON.6.2 9

COMMENT: (E)

J

:.

|

|
.
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6.0 INFORMATION PROTECTION
63 Data Access

6.3 1 Encryption (Tier 1 - Use)
Men sensitive data rnay be exposed to unauthorized access, a capability for encrypting those data
should be provided.
COMMENT: Poteritial exposure may be a:sumed dwing any external data tansmission, with encryption imposed
routinely by the computer. For protection of data within a Ahared system, a user might choose to encrypt pnvate
files to prevent their cading by other people. In such a case, the user must specify a private encryption " key *,G)
which will then serve as the basis for automade encryption by the computer.

6N Protning Displayed Data (Tier 2 - General)
When protecun of displayed data is essential, computer control over the display should be
mamtamed.
COMAEhT: h is not enough simply to instruct users not to make chr%u in (isplayed data. Users may attemptG)
unwanted changes by mistake, or for curiosity, or perhaps even to nu' at the systsm.

63-3 Displayed Security Classification (Tier 2 - General)

When displayed data are classified for security purposes, a prorninent indication of securityclassification should be included in each display. In applications where either real or simulated
data can be displayed, a clear indication of simulated da:a should be included as part of the classification
label.
COMhENT: Where r. display includes ;mnitioned " windows" of data fror- linerent sources,it may be necessary%
label security classifi.ation separately for each window. Under those canonnons, some fcrm of auxiliary coding
(ed;., color coding) might help users disuguish a window which contains data at a high secunty level. This
poetice will serve to remind usec of the need to pmtect classified data, both in access to the display itself and in any

,

further essemination of displayed data. G)

63-4 Display Suppression for Security (Tier 2 General)
When cortfidential information is displayed at a work station that might be viewed by casu::1
onlookers, the user should be provided with some rapid means of temporarily suppressing a
current display if its privacy is threatened, and then resuming work later,
COhBENT: A suppressed dtsplay should r.ot be entirely blank, but should contain an appropriate memge
indicating its current status, e.g.,'Disphy is temparatily somM enter password to resume work." Such a
capability is sometimes called a " security pause". Mr qt.ick display sururession a function key might be provided.
To retri-ve a suppressed display and resume work, a user might be required to make a code entry such as a password,
in the interests of data protection. G)

63-5 Protecting Printed Data - (Tier 2 - General)
As required for security, procedures to conttui access to printed data should be established, rather
than simply prohibiting the printing of semitive data.
CONSENT: User reqdrements for printed data are often unpredictable, and printing restnctions may handicap task
performance. Rather than restrict pnnung, establish approprtate puwiurs for re:stricting further distribution of data
printouts. @)

| 63-6 Ensuring Reversible Encrypilon (Tier 2 - General)
| Data encryption should be reve.:sible,i.e., that encrypted data are protected from any change that'

might prevent successful reversal of their encryption.
COhSENT: G)

63-7 Indicating " Read Only" Displays (Tier 3 - Design Details)| When uscas are not authonzed to change displayed data, " read-only" status should be indicated on
the display.
COMhENT. In applicatims where the use of readertly displays is common, then sorne simple cue in the display
header may affice :o indicate that 1: ants, la applicano ts wbere users can usually mare additions and/or corrections

Pagc4
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d te noted more prominently on
to displayed data, then any ext:epdon to that pracuce rnay confuse a user and 50 shou:

e

the display. (E)

6.3 8 Protecting Display Formats (Tier 3 - Design Details)
Display formatting features, such as field labels and delimiters, should be protected fram accidental
COMMEST; In many data t try tasks users will be allowed m change cbta fields but should be prevented fromchange by users.

l
making any :tructural changes to the display. In applications where a user may have to reste or modify disp ay

(E)
formats, special control actiors should be provided for tha' purpose.

6.3 9 Automatic Records of Data Access (Tier 3 - Design Details)
When records of data access are necessary, the records should be maintained automatically,

COMMENT: Transa:6on records and logs should be stamped with user identifim, tune, and date. Provisionsshould be made to control requests for records and logs of data trar actions with classified material. Usm should be
informed conceming the nature and purpose of automated recording of individual actions. Even cooperative, well.
intentioned users can forget to keep manual logs of data access. and will resent the time and effort required to keep
such logs. Subversive users,of course canrr * be expected to provide accurate records. (A.E)

Pagt5
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6.0 INFORMATION PROTECTION
6,4 Data Transmission

6.4 1 Encrypting Messages (Tier 1 Usc)
When it is necessary to transmit sensitive data over insecure conununication channels, automatic

encryption to p*otect such data should be provided. COMMENT: Do not rely on users to remember to request message en:ryption. A user might be asked to supply an
G)

encryption key, but the enmputer should handle any a:tual encryption process.

6.4 2 Automatic Protection of Transmitted Data (Tier 1 - Use)Measures adopted to pwtect data dunng transmission should be applied atttomatically, without the
need for user action.
COMMENT: ne computer should check transmined data to deternune whether an emt has occurred: correct errors
automatically, if necessary by requesung retransmission; and call to the user's auention any case in which a detected

-

Measures adopted in proicct data dunng transmission include encryption,
error cannot be au'omatically cor.ectui.
parity checks. buffering until a:Lnowledgment of receipt, etc. G)

User Review of Data Before Transtrission (Tier 2
General)

6.4 3
When hunun judgment troy be required to det-nnine whether data are appropriate for
transmission, users (or a system administrator) should be provided some means to review
outgoing messages and confirm their release before transmission.
COMhCNT: Sometimes message release my require coordination among several reviewers ir, the bter*sts of dat-
protection. E)

6.4 4 Saving Transmitted Data Until Receipt is Confirmed (Tier 3 - Design
Details)
A copy of any transmitted message should be saved automatically until conect receipt has been
confirmed.
COMhENT: De primary objetive is to prevent inetrievable data loss during transmission. For rnany system
applications however, the originator of a message will probably want to retain a copy in any case. Any subsequent
delenon of that copy should probably be handled ss a separate transaction. distinct from data transmission. G)

Section 6.0 Information Protection
Page 6



. .- - . . _ -

e' ,

' WORKSTATION DESIGN7.0
Di; play Devices7.1

7.1.1 Console Video Display Units
7.1.1.1 General

Mechanict1 overlays -(Tier 3 - Design Details)7.1.1.1 1
Use of rnechanical overlays should be avoided.

(C)
COMhENT: For example, transparent sheets pired en displays.

.
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7.0 WORKSTATION DESIGN
7.1 Display Devices

Console Video Display Units7.1.1
7.1.1.2 CRTs

7.1.1.2 1 Image Continuity (Tier 2 - General)
%e display should maintain the illusion of a continuous image. De viewer should not have to
resolve scan lines or matrix spots. (B)
COhihENT: It does not maner if the the raster is scanned ct directly addressed.

7.1.1.2 2 Controls (Tice 2 - General)Frequently used controls should be easily visible and accessible to the VDT user from the normal-
COhihENT: he controls should be designed so that they are not accidentally actuated. They should give a clearworking position.

indication of their function and current seuing. A monochrome CRT display should have a means of controlling
-

luminance. (F)

7.1.1.2-3 Screen Size (Tier 2 - General)The screen should be the smallest size which will allow required information to be seen clearly and

easily by the viewer.COhihENT: he screen should take into account the distance of the operator from the screen (e.g. large screen
overviews). (B)

7.1.1.2-4 Choice of Phosphor (Tier 2 - General)
A medium persistence, green phosphor should be used in monochrome CRT displays.
COhthENT: (B)

7.1.1.25 Use of Color (Tier 2 General) Pure blue on a dark background should not be
Pure red should not be used in video displays.
used for the presentation of text, thin lines or high-resoultion information. Pure red and pure blue
should not be used toge:her on a dr.rk background, unless chwestervopas is desued.
COhBiENT: Dommant wavelengths above 650 nm (red) in displays should be avoided because protanopes are
noticeably less sensitive to it.ese wavelengths. (F)

(Tier 2 - General)
7.1.1.2-6 Pictorial / Graphic Gituation Formats 2 indicator data should be presented as luminous
Pictorial or situation data such as p %n positio:
symbols on a dark background.
COhihEhT: (C)

7.1.1.2-7 Display glare (Tier 2 - General)
Reflected glare should be minmimized.
COhihENT: For example. by proper positioning of CRT relative to light source, or by use of a shirld or Cte- nnh
the CRT or light source. If glare reduction cr eencasi enhancement techniques are used,they shordd be suc as not(B.C.F)
:o violate the requirernents of traunance, contrast, and resolution as stated in this document.

7.1.1.2-8 Ambient illumination (Tier 2 - General)
The ambient illuminance in the CRT aret necessary for other visual functions (e.g., settingcontrols, readmg instruments, maintenance) should not degrade the visibility of signals on the CRT
display.
COhthENT: (C)

7.1.1.2 9 11 luminance of surrounding area (Tier 2 - General)
next should be no light source (direct or reflected)in the immediate surrounciing area of greater
luminance than the CRT.COhBENT: De lummance range of surfa:es immediately aljacent to scopes should be between 10% and 100% of

.

Page 2
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(C)
screen backFround luminance. Surfres adjacent to the CRT should have a dull mane finish.

7.1.1.2-10 Viewing distance (Tier 3 Design Details)
The mi;timum design viewing distance should be equal to or gteater than 30 cm (12 inches),
COMMENT: When periods of observation will be short, or when &m signals must be detected, the viewingdistame may be reduced to 250 mm (10 in). Displays which must be placed at viewing distances greater than 400

i b l sire,

' mm (16 in) due to other considerations should be appropriately modified in aspects such as 6 splay s ze, sym o
(B,C)

bnghtness ranges,line. pair spacing and resolution.

7.1.1.2 11 Display Luminance (Tier :. - Design Details)
Either the character or its background, whichever is of higher luminance 4 should achieve a
luminance of at least 35 cd/m2 (10 foot lamberts) or more.(B)
COMMENT: Th : preferred 6 splay luminance is 80 to 160 c4hn2.

7.1.1.2-12 Luminance Control (Tier 3 - Design Details)
A control to vary the CRT luminance from 107c of minimum ambient luminance to full CRT
luminance should be provided.

COMMENT: (C) .

7.1.1.2 13 Faint Signals (Tier 3 Design Details)
When the detection of faint signals is required and when the ambient illuminance may be above 2,7
lux (0.25 ft-c), scopes should be hooded, shielded, or recessed.(C)
COMMENT: In some instancer., a suitable fU:er system may be employed.

7.1.1.2-14 Resnlution (Tier 3 - Design Details)
The display should hne adequate resoultion. The modulation transfer function, which is a measure
of resoultion, should have a value of at least 5. Raster modulation should be less than 20 percentCOMMENT: The Modulation Transfer Function Area (MTFA) metric of a display should have a value of atleast 5.
This value may be directly developed from microphotometric measurements, or for monochrome CRT displays it

A = b0 + b1VD + B2WD + b3AB +
may be estimated using the following formula MFA = 10A where, bl = 0.60 b2
b4VDAB + b5WDAB + b6LMAB + b7VDLMAB where, bO 1/8

= -1.07 b3 = -1,62 b4 = -

0.17 b5 = 0.59 b6 = 0.48
b7 = 0.06 where, VD = Viewing Distance in meters, when 0.30 m < VD .1.02m, where WD = the full width ofi0 of the

the Gaussian spot at the halfamplitude point in mm, when 0.15 ram < WD < 0.76 mm, where AB = logreflected luminance (in cd/n 2) frorn the display screen, when 0 < AB < 1.7 (= 50 cdhn2), and where LM = log 10 of

the peak display luminance (in cd/m2), when 1.3 (= 20 cd/m2) < LM < 2.54 (= 343 c4'm2). Percent RasterModulation and Percent Active Area: Raster modulation is a significant factor in image quality, For a CRT display)
naving a pixel censity of fewer than 30 pixels per degree pe: pen &cular to the raster (at the design viewing distance ,20
the luminance moduhtion in the direction perp ndicular to adjacent raster lines should be equal to, or less than.
percent when all lines and all pixch are in their "on" state. For d splays having a lummance control, this
requitement is to be met when the pixel lummance is at one half the maximum hmunance. For nen4.RT mamxdisplays, the percent active area (fill factor) should be at least 30 percent (75 percent preferred) of the space @W toi
the p;xel. This requiremem is for displays having a pixel density of less than 30 pixels per des.ee at the des gn
viewing distance. The edge of a pixel, for purposes of this requirement. is defined as the five percent lummance
contour (F)

7.1.1.2 15 Contrast (Tier 3 - Design Details)
The contrast ratio of the display should be greater than 3:1; a contrast ratio of 7:1 is preferred.

COMMENT: Either display polarity that is, dark characters on a light background - or light characters on a dat
background is acceptable provided it meets the regtdrements for resolution, percent raster modulation and percentContrastLuminance modulation, M =(Lmax - Lmin)/(Lmax + 1;nin)
active area. luminance, and contrast.

Contrast, C = (Lmax - Lmin)/Lmin. Lmax is the higher luminanc .

ratio. CR = Contrast Ratio = Lmax/Lmin
of the background or of the character, and Lmin is the lower lummance of the two. These values include the

Page 3
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contribudon from ambient light. Small characters (characters between 10 and 17 minutes of arc) s ouLuminance Moduladon, M =
minimum luminance moduladon which is calculated from the following formula:(F)

where S is the vertical size of the character set,in minutes of arc.
03 + 0.07 (20 - S)

7.1.1.2-16 Color Coding (Tier 3 Design Details)

When color coding is used for discriminability or :onspicuousness of displayed information, allcolors in the set should differ from one another by a mmimum of 40hE (CIE L*u'v*) distances.
COMMEh7: his approach will make availabic at least 7 to 10 simuhaneous colors. Increasing ambientts

illuminarce decreases color purity and, consequently, color disenminsbility. Accordingly, color measuremen
should be made under the presumed ambient lighting condidons in which the display will be used. (F)

7.1.1.2 17 Color Contrast (Tier 3 - Design Destils)
For adequate legibility, colored symbols should differ from their color br,ckground by a mmimum
of 100 4.E (CIE Yu' ') distances.
COMMEh7: (F) '_

Image Linearity (Tier 3 - Design Details)7.1.1.2 18

The display should be free of geometric distortion. COMMENT: Linearity, the horizontal displacement of a symbol position relative to the symbol positions directlyDe
above and below the symbol position, should vary by not more than five percent of the symbolbox height.dleft of the symbol
vertical displacement of a symbol position, relative to the symbol positions to the right anNonlinearity of any column or
position, should vary by not more than five percent of the symbol box height.Lline, and columns should be
row should be not more than two percent of the length of the column or row.his may be expressed as:
parallel and orthogonal one to the other within the limits of the linearity requirement.he size of a specific symbol anywhett on the
0.04 (Shorter edge / Longer edge) 2 Diagonall/ Diagonal 2 - I
d41ay should act vary by more than 10 percent, regardless of its location within the image area. His is expressed

2(h2 hl)/(h2 + hl) 5 0.1 and 2(w2 - wl)/(w2 + wl) < 0.1 where"h* is the height of the symbolWh m all the character positions on the screen are filled with "Hs* or *Ms*hs follows:
and*w" is the width of the symbol.of the same character set, hl is tie leight of the smallest character,h2 is the height of the largest character, wl is

(F)
the width of the smallest character, and w2 is the width of the largest character.

7.1.1.2-19 Geometric stability (Tier 3 - Design Details)
The display shcitud be free of " jitter".
COMMENT: Variations in the geomenic locanon of a picture element should be no more than 0.0002 mm per mm

~

of viewing distance (0.0002 inch per inch of vtewing distance) over a penod of one seccal. His may be expressed_

VD x 0.00022 (H2 + V2)0.5, where VD is the viewing distance H and V are the manmum
as:
excursions of picture element centers, horizontally and vert cally. (F)i

Luminance Uniformity (Tier 3 - Design Details)7.1.1.2 20
All luminances that are supposed to be the same should appear the same.
COMMENT: Luminance uniformny, the vananon from the cc. iter to the edge of the active area of the display,
should not vary more than 50 perrent of the cena:r luminance. Unintendedluminance vananons,within half a

,

degree of arc, calculated trom the design viewing duzance mywhere on the display, should be less than 50 percent.
For an intended uniform lummance,the vananon in luminance from the center of the display to the edge or any
ponion thereof should not vary by more than 50 percent of the center luminance. 'nds measurement is to be made
in a dark room. (F)

7.1.1.2 21 Flicker (Tier 3 - Design Details)
The display should be " Dicker free" for at least 90 percent of a sample of the user population under
condition: representative of actual use.
COMhEST: (B)

7.LI.2-22 Viewing Angle (Tier 3 - Design Details)
The display should not be tilted more than 40 degrees relative to the viewer's ime of sight.
COMMENT: The angle formed by the intersection of the line af sight and the line normal to the surface of the
display at the point where the line of sight intersects the image surface of the display is no mc t than 40 degrees.

Page 4 |
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-7.0 WORKSTATION DESIGN
7.1 Display Devices
7.1.1 Console Video Display Units
7.1.1.3 Liquid Crystal

7.1.1.3 1 Liquid Crystal Luminance (Tier 3 - Derign Details)

The diplay should be of adequate luminance.-COMMENT: Either the character or its back round. whichever is of higher luminance,should be able to achieve aF

luminance of at least 35 cd/m2 (10 foot lambens) or more. The incident illumination on the surface of the display .(F)
should be at least 35rJR lux. where R equals the renectivity of the display in its most renective state.

.

1

|
p

|
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WORKSTATION DESIGN7.0
Display Devices- 7.1 Console Video Display Units7.1.1

7.1.1.4 Electroluminescent

7.1.1.4-1 Character Size (Tier 3 - Design Details)
The height of alphanumeric charactes and geometric and pictorial symbols should not subtend less
than 4.5 mrad (15 minutes) of vi

. angle.

COMMEh*T: (C)

_.
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7.0 WORKSTATION, DESIGN '

~

7.1 Display Devices .
.

--

Console. Video Display Units7.1.1
7.1.1.5 - LEDs

Intensity Control -(Tier 3 - Design Details)
The dimmmg of LEDs should be compatible with the dimnung of incandescent lamps.7.1.1.5-1

- COMMEAT: (C)
,
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: 7.0 ! WORKSTATION DESIGN '
g. 7.1 . Display Devices

7.1.2. Large Screen' Displays
-

-

7.1.21 Maximum Viewing Distance '(Tier 2 - General)The display should not be placed further from an observer than will provide appropriate resolution
of critical detail presented on the display .
COMhENT: (C)

7.1.2 2- Interruption of View (Tier 2 General)
Large screen displays should not be located relative to critical obser vers so that the view is
regularly obscured by people moving about.

,

cow 0*ENT: (C) 1

,

(Tier 2 - General)
7.1.2 3.. Control of DisplayControl oflarge.saeen grcup display systems should be sach that criticalinformation cannot be

modified or deleted inadvertently or arbitrarily.COMhENT: Control of changes in the group display should be under the control of desi nated operators who
- operate accordir.g to pre. established pmcedures.upon command of a person in charge, or both. When an individual(C)
must make changes that are of interest only to him or her, a separate, remote display should be provided.,

(Tier 2 General)7.1.2-4 -Minimum Viewing Distance
The display should not be closer to any observer than 1/2 the display width or height, whichever
is greater.
COMhENT: (C)

7.1.25 Seating Area (Tier 3 Design Details)
Off. centerline viewing should not exceed 175 mrad (10 degrees) for individual viewing from a
fixed location.
COMMENT: (C)

7.1.2 6 - Image Luminance -(Tier 3 - Design Details) - l i f the
Image luminance and light distribution should be uniform. In any case, the um nance o
screen center at maximum viewing angle should be at kast half its maximum luminance.
COMMENT: '(C)

7.1.27 Size of Projected Characterr (Tier 3 - Design Details)
s

The height of letters and numerals should not be less than'4.5 mrad (15 minutes) of vistal angle. COMMENT: In no instance should the height oflesers and numerals be less than 3 mrad (10 minutes) as measured
from the longest rw. pated viewing distance. ' (C)

(Tier 3 - Design Details) .
7.1.2 8 '- Luo%ance RatioThe luminance ratio provided by the projection system should be adequate for the type of material

being projected.COMhENT: The lummance ratio is defined as image or subject hwrunance divided by the nommage or background
luminasce. Under opumal ambient lighting conditions, the luminance ratio for opacally projected displays should

Min' mum luminance ratios are as fo: lows: a) For viewing chans, printed text and other linework .
b) For projections which are limited in- be 500:1,'

via slides or opaqui projectors the mir.imum luminance ratio is 5:1.
shadows and detail, such as ammation and photographs with limited lummance range, the minimum luminance isR

c) For images which show a full range of colors (or grays in black.and. white photographs), the minimum25:1,

luminance ratio is 100:1. (C)
,.

)- '

(Tier 3 - Design Details)
7.1.2-9 - Contrast PolarityContrast should be either Eght on a dark background or vice-versa, except wh ,re superposition is

! used. .
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COMhENT: For subtractive surerposition (at :he source), dau should be presented as duk mar ngs
Colated markings against colored backgmunds of comparable brightness should be avoided.For aditive super position (at the screen), data should be presented as light markings on antransparent ba-kground.

opaque background.

(C)

7.1.2 10 AHgnment (Tier 3 Design Detalis)
The misregistration of superimposed alphanumeric data or other symbols should be numtruzed.
COMhENT: (C)

7.1.L 11 Keystone Effects (Tier 3 Design Details)

The p ojector/ screen should be arranged so as to mmimize " keystone effect," i.e., distortion of
projected data proportions due to non-perpendicularity between projector and screen.
COMhENT: (C)

.__

_
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7.0 WORKSTATION DESIGN
7.1 Display Devices
7.1.3 Printers

7.1.31 Use (Tier 1 Use)
Printers should be used when a visual record of data is necessary or desirable.
COhBENT: (C)

-7.1.3 2 Legibility (Tier 2 General)
The print output should be free from character line misregistration. character tilt or smear.
COhBENT: (C)

7.1.3 3 Printed tapes (Tier 2 General)
The information on the tapes should be printed in such a manner that it can be read as it is received
from the machine without requiring the cutting and pasting of tape sections.
COhBENT: (C)

7.1.3-4 Visibility (Tier 2 - General)
The printed matter should not be hidden, masked or obscured in a manner that impairs direct
reading.
COhBENT: (C)

7.1.3 5 Annotation (Tier 2 - General)
Where applicable, printers should be mounted so that the printed mat:er (e.g., paper., metalized
paper) may be easily annottted while stillin the printer.
COhBENT: (C)

7.1.3 6 Contrast (Tier 3 - Design Details)
A muumum of 3.0 luminance contrast between the printed material and the background on which it
is printed should be provided.
COhBENT: (C)

7.1.3 7 Illumination (Tier 3 - Design Details)
The printer should be provided with intemal illumination if the printed matter is not legible in the
planned operationJ ambient illumination.
COhBENT: (C)

7.1.3 8 Take up provision (Tier 3 - Design Details)
A take-up device for printed material should be provided.
COhBENT: -(C)

7.1.3-9 Indication of Supply of Materials (Tier 3 - Design Details)
A positive indication of the remaining supply of printing materials (e.g., paper, ribbon) should be
provided .
COhBEhT: (C)

7.1.3 10 Servicability (Tier 3 - Design Details)
Routine servicing functions should be accomplished without requiring disassembly, special

equipment or tools.COhBENT: Functions as insemon, adjustment for operation and reme a! of paper. replacement of ribbons. or
(C)

other items determined to be oprator tasks should be accomplished witnout special equipment.

Page 11
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7.0 WORKSTATION DESIGN
7.1 Display Devices
7.1.4 Plotters

7.1.4 1 Visibility (Tier 2 - General)Critical graphics (those points. curves and grids that must be observed when the recording is being
made) should not be obscured by pen assembly, arm or other hardware elements.
COhBiFNT: (C)

7.1.4 2 . lob Aids (Tier 2 General)
Graphic overlays should be provided where these may be critical to proper interpretation of graphic|

data as it is being generated.
Such aids should not obscure or diston the data. (C)

4

COhBiENT: |

7.1.4 3 Annotation (Tier 2 General) |
Where applicable. plotters anc recorders should be designed so that the operator can write on or|

mark the paper while it is still in the ploner/ recorder. |

COhBIENT: (C) |

7.1.4 4 Contrast (Tier 3 - Design Details) |

A minimum of 1.0 luminance contrast between the plotted function and the background on which itl

is drawn should be provided. |
1

COhnfENT: (C)

7.1.4 5 Take-up device (Tier 3 Design Details)
A take-up device for extruded plotting materials should be provided where necessary or desirable.
COhniEST: (C)

7.1.4 6 Smudging / smearing (Tier 3 - Design Details)
The plot should be resistant to smudging or smeanng under operational use.
COhniENT: (C)

7.1.4 7 Control, replenishment and service (Tier 3
Design Details)

Plotters should conform to the guidance given printers with respect to control, replenis!anent, and
service.
COhBIENT: (C)

.
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WORKSTATION DESIGN7.0-
7.1 Display Devices
7.1.5 - Audio and Voice Displays
7.1.5.1 Speech-

7.1.5.1-1 Speech Output (Tier 1 Use)

Computer generated speech output for user guidance messages should be used in environments
with low ambient noise, when a user's attention may net be directed toward a visual display or
when providing a visual display is impractical.
COMMENT: (E)

(Tier 2 - General)7.1.5.12 - Type of Voice
A distinctive and mature voice should be used in recording verbal waming signals.
COMMENT: Spoien messages should be produced in the fonn of the * average talker *. in an Ametican English
accent wuhout regional dialects. (A)

7.1.5.1 3 Delivery Style (Tier 2 General)
Verbal waming aignals should be presented in a formal, impersonal manner,
COMMENT: (C)

Limited Number of Spoken Messages (Tier 2 - General)
7.1.5.1 -4
Computer-generated speech should be limited to provide only a few messages.
COMMENT: As negative cumples, computer generated speech would not be useful if many messages might be
given at one time, or for convey.ng a lengthy list of menu options. When messages are spoken,the user must
remember each message. If many different messages are given one ahu another, then a user would probably not

(E)remember them all and might only temember one or two.

7.1.5.1 5 Simple Spoken Messages (Tier 2 General)

When using computer-generated speect to provide messages, those messages should be short and

COMMENT: if a user does not understand a written message. s/he can reread it. 'll:at is not the case with spokenThough s REPEAT function might be provided, a better solution is to restrict use of speech outputs for
simple.

If a user who may not be watchmg a d; splay must be given long or complexmessages.

messages,it is probably better to provide a simple audhory signal such as a chime. and then display the messages
short and simple messages.

In general, usas will understand complex messages bener when they see them
visually for the user to read.
displayed than when they hear them. (E)

7.1.5.1-6 Word Selection (Tier 2 - General)Words presented in a voice signal should be concise, intelligible, and appropriate for the
information presented. interpretation should not be part of the
COMMENT: Where possibleyortis that rhyme or may confuse messageUse of slang should be avoided. Words

spoken lexicon, or should not be presented within the same message.with more than one syllable should be used. Alphanumerie data should be presented using p onet c a ph i l habets,e.g..

* Whiskey Zebra three two seven* should be used in preference to *WZ32T where the "Z' and *3* are too
phonetically smular. (A)

7.1.5.1-7 Distinctive Spoken Warnings (Tier 2 - General)
If computer-generated speech is used to pmvide warnings as well as other forms of user guidance,
spoken wamings should be easily distinguishable from routine messages.
COMMENT: For cumple, speech output used to idemify dangerous conditions might use some disunctive voice .
(perhaps female rather than male, or vice versa) and/or geface each warning message with some other distinctiveIn some applications, computer-generated speech might be useful for providing a few short and
simple wamings. However,if speech output is also used for other purposes, then the warning n.cssages must be
auditory signal.

distinctive. (E)

Page 13
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(Tier 2 General)
Coding Synthesized Voice Warnings

If computer generated speech output is used for auditory display, a special alerting signal should7.1.5.18

be provided to introduce voice alarms and waming messages in order to distinguish them from
routine advisory messages.
COMMENT: (E)

7.1.5.19 Voice Coding (Tier 2 - General)
For auditory displays with voice output, differen: voices to distinguish different categories o-f data
COMMENT: Atleast two voi:es, male and female, can be readily distinguished, and perhaps more depending uponAould be used.

(E)fidebty of audatory output, and hstening conditions.

7.1.5.1 10 Intensity of Voice Presentation (Tier 3 - Design Details)
Voice signal intensity should be appropriate for the expected ambient noise environment. Verbalh
alarms for critical functions should be at least 20 db above the speech interference level at t e

-

operating position of the intended receiver. COMMENT: Signal to noise ratios should be at least 5:1. Audio signal power should be ap}roximately 30
0

0 Hz. (A.C)
milliwatts at the hsteners ear. Speech signals should fall within the range of 200 to 610

1
|
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7.0 WORKSTATION DESIGN
|

7.1 Display Devices
7.1.5 Audio and Voice Displays |

7.1.5.2 Non speech audio displays

7.1.5.21 Warning Signals (Tier 1 Use) |

Audio signals should be provided, as necessary, to wam personnel of impending danger, to alert
an operator to a critical change in system or equipment status, and to remind the operator of a
critical action or actions that must be taken.
COMMENT: An alening/waming system or signal should provide the operator with a greater probability ofdetecting the triggering condition than his nonnal observation would provide in tie absence of the alertingNarning
system or signal. (C)

7.1.5.22 Use with Several Visual Displays (Tier 1 - Use)
One audio signal may be used in conjunction with several visual displays, provided that immediate
disenmmation is not critical to personnel safety or system performance.
COMhENT: (C)

7.1.5.23 Relation to Visual Displays (Tier 1 - Use)
.

When used in conjunction with visual displays, audio warning devices should be supplementary or

COMMENT: "Ihe audio signal should be used to alert and direct operator attention to the appropriate visual display.supportve. _

(C)

7.1.5.2-4 Confusible Signals (Tier 1 - Use)
Audio waming signals that might be confused with other sounds in the operating environment

COMMENT: Eumples cf such signals include trains of impulses that resemble electrical interference, signalsshould not be used.

similar to noise generated by air conditioning or othe-equipment. The frequency of a warning tone should bedifferent from that of the electric power employed in the systern, to preclude the possibility that a minor equipment
failure may generate a spurious signal (C)

7.1.5.2-5 Audio Coding (Tier 1 - Use)
If absolute disenmmation is required, the number of audio codes should belimited to four.
COMhENT: (C)

7.1.5.2-6 Nature of Signals (Tier 2 - General)
Audio waming signals should normally consist of two elements: an alerting signal and an

'

identifying or action signal. COMMENT: When reaction time is critical and a two element signalis necessary, aa alerting sigral of 0.5 second
duration should be provided. All essentral it. formation should be transmined in the first 2.0 seconds of the
identifying or action signals. If reaction time is critical and a single element signalis permissible, all essential
information should be transmined in the first 0.5 sewnd. (C)

7.1.5.2-7 Action segment. (Tier 2 - General)
The identifying or action segment of an audio waming signal should specify the precise emergency
or condttton regtunng action.
COMhENT: (C)

7.1.5.2-8 Critical signals. (Tier 2 - General)
- The first 0.5 second of an audio signal requiring fast reaction should be disenminable from the first

0.5 second of any other signal that may occur.COhSENT: Familiar signals with established namer or assoczations should be selected for use u critical signals.
(C)
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7.1.5.29 Masking. (Tier 2 - General)
Audio warning si nals should not interfere with any other critical functions or waming signals, orF
mask any other critical audio signals.

COhiMENT: Where a waming signal delivered to a headset might mask another essential audio signal, separaicchannels may be pvided to direct the waming signal to one car and the other essential audio signal to the other car.
In such a situation and when required by operating conditions, this dichotic presentation may funher provide for
attemation of the 30 signals from car to car. (C)

7.1.5.2 10 Failure (Tier 2 General)
The audio display device and circuit should be designed to preclude waming signal failure in the
event of system or equipment failure and vice versa.
COhiMENT: (C)

7.1.5.2-11 - Caution signals (Tier 2 - General) ~

Caution signals should be readily distinguishable from warning signals and used to indicate
conditions requiring awareness, but not necessarily immediate action.
COhihiENT: (C)

7.1.5.2 12 Intensity of Audio Signal (Tier 3 - Design Details)
Audio signal intensity should provides a signal t& noise ratio of at least 20 dB in at least one octave
band between 200 and 5.000 Hz at the operating position of the intended receiver.
COMMENT: Determination of signal audibility should allow for the use of protective garments or hearing
protection devices where applicable. (C)

7.1.5'.2 13 Frequency of Audio Signal (Tier 3 - Design Details)
Signal frequencies of between 200 and 5000 Hz, and if possible between 500 and 3000 Hz should
COMMEhT: When signals must travel over 300 m (985 ft), sounds with frequencies below 1.000 ih should bebe used.

used. Frequencies below 500 lh should be used when signals must bend amund obstacles or pass through panitions.
(C)

7.1.5.2-14 Circuit Test (Tier 3 - Design Details)
All audio displays should be equipped with circuit test devices or other means of operability test.
CONS!ENT: (C)

7.1.5.2-15 Message categories. (Tier 3 - Design Details)
Critical warning signal should repeat with not more than a 3-second pause between messages until
the condition is corrected or overridden by the CR staff. A message priority system should be
established and more critical messages override the presentation of any message occurring below it on the

priority list. COMMENT: If two or more incidents or malfunctions occur simultaneously, the message having the higher
priority should be given first. The remauung messages should follow in order of priority. In the event of a
complete subsystem failure, the system should integrate preytous messages via electronic gating and repon the
system rather than the component failure. (C)

7.1.5.2 16 Auditory Signals for Alerting Operators (Tier 3 - Design Details)
During text entry / editing, an auditory signal should be pmvided as necessary to draw attention to
the display. (E)COMMENT: For non critical operations, operators should be able to disable the auditory signal.
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7.0 WORKSTATION DESIGN
7.1 Display Devices
7.1.5 Audio and Voice Displays
7.1.5.3 Control of audio displays

7.1.5.3 1 Volume control. (Tier 2 General)
The volume (loudness) of an audio warning signal should be designed to be controlled by the

operator, the sensing mechanism, or both, depending on the operational situation and personnelsafety factors. Control movements must be restricted to prevent reducing the volume to an maudible level.
COMMENT: Volume controls may be ganged to mode switches to provide maximum output during periods inbe used if there is
whi:h intense noise may occir and to provide reduced volume at other times. Ganging should not
a possibihty that intense noise may occur in an emergency situation in which the volume */ould be decreased below(C)
an audible level. Audio cauuon signals should be provided with manual reset and volume controls.

7.1.5.3-2 Duration limitations (Tier 2 - General)
In an emergency situation. signals that persist or increase progressively in level should not be usedid
,if manual shut-off may interfere with the corrective action requ re ,
COMMENT: (C)

7.1.5.33 Automatic or manual shut oft (Tier 2 - General)When an audio signal is designed to persist as long as it contributes usefulinformation, a shut-off
switch controllable by the operator, the sensing mechanism, or both, should be provided,
depniding on the operational situation and personnel safety fa: tors.
COMMENT: (C)

7.1.5.3-4 Automatic reset. (Tier 2 General)
Whenever audio waming signal are designed to be temunated automatically, by manual control, or
both, an automatic reset function should be provided.
COMMEN7: The automatic reset function should be controlled by the sensing mechanism which recycles the
si nal system to a s-ecified condition as a function of time or the state of the sigr,alhng system so that the warning

F
device can sound again if the condition repeats (C)

7.1.5.3-5 Duration. (Tier 3 - Design Details) |Audio waming signal duration should be at least 0.5 second, and may continue until the
appropriate irsponse is made. Completion of a corrective action by the operator or by other means
should automatically terminate the signal.
COMMEN7: (C)
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7.0 WORKSTATION DESIGN
7.1 Display Devices
7.1.5 Audio and Voice Displays
7.1.5.4 Speech communication equipment

7.1.5,4 1 IIcadsets (Tier 1 Use)
If listeners will be working in high ambient rmise (85 d3(A) or above), binaural rather than
monaural headsets should be provided.
COMhBT: Unless operational requirements dictate o. xrwise, binat.-ai headsets shnuld be wired so that the sound
reaches the two cars in opposing phases Their attenuation qualities shouki be capable of reducing the ambien: noise
level to less than 85 dB( A). Provisions should be incorporated to fumish the : tame protection to those do wear
glasses. (C)

7.1.5.4 2 Noise shields (Tier 1 Use) ^

When the talker is in an intense noise field, the microphone should be put in a noise shield.
a. A volume of at least 250COMhD7: Notse shields should be desiwit.; neet the following requirements;

cu em (15.25 cu in) to permit a pressure gradient microphone to function normally,
b. A good seal against the

c. A hole or combination of holes covering a total area
face with the pressure of the hand or the tension of straps. d, Prevention of a standmg wave panern by
of 65 sq mm (0.1 sq in) in the shield to pevent pressure Our tup.
shape, or by use of sound absorbmg material. c. No impedunent to voice effon, mouth or jaw movement or

breathmg. (c)

7.1.5.43 No|se Canceling Microphones (Tier 1 - Usc)
In very loud, low frequency noise environments (100 dB overall), noise canceling microphones
should be used.
COMhET: '!he noise canceling microphones must be capable of effecting an improvement of not less than 10 dB
peak-speech to root mean-square-noise ratio as compared wnh non ncise. canceling microphones of equivalent
transmission characteristics. (C)

7.1.5.44 Squelch control (Tier 1 Use)
When communication channels ate to be continuctisly monitored, each channel should be provided
with a signal- activated switching device (squelch control) to suppress channel noise during no-
signal periods.
COMhENT: A manually operated on-off switch, to deactivate the squelch when receiving weak signals, should be

provided (C)

Foot-opeasted controls (Tier 1 - Use)7.1.5.4 5
When normal working conditions, operator should be pemtitted to remain seated at the working
position and have access to " talk-listen" or " send-receive" control switches required for normal
operation.

.

Hand.COMhBT: If console operation requires the itse of both hands, foot. operated contmis should be provided.
operated concels for the snme functions should be provided for emergenc,y use and for use when the operator may
need to move from one position to another. (C)

Ilands free operation (Tier 2 - General)7.1.5.4-6
Operator microphones, headphones, and telephone headsets should be designed to permit hands-
free operation under normal working conditions.
COMhD7: (C)

Comfort (Tier 2 - General)7.1.5.4-7
Communicatian equipment to be wom by an operator should be designed to preclude operator
discomfort.
COMMENT: Metal pans of the headset should not come in contact with the user's skin. (C)

7.1.5.4-8 Accessibility of handsets (Tier 2 - General)

Section 7.0 Workstation Design Page 18,
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ibility
Where communication requirements necessitate the use of several telephone handsets, access|

of their standby locations should be determined by operational prionry.COhiMENT: The most frequently or urgently needed handset should be the most a:cessible, etc.
Color-coding may

d h orking conditions.

also be employed where operating personnel will have visual contact with headsets un er t e w
(C) !

(Tier 2 - General)
Microphones and associated system input devices should be designed to respond optimally to that7.1.5.4 9 5'requency

part of the speech spectrum most essential to intelligibility (i.e.,200 to 6,100 Hz).COhthfEST: Where system engineering necessitales speech-transmission dynamic range bandwidths narrawer than
;

(C)
200 to 6.100 Hz. the minimum acceptable frequency range is 250 to 4,000 Hz.

(Tier 3 Design Details)

Microphones and associated system-input devices should be designed to respond optimally to that7.1.5.4 10 Frequency

part of the speech spectrum most essential to intelligibility (i.e.,200 to 6,100 H2). COMMENT: Where system engineering necessitales speech-transmission dynamic range bandwidths narrower t anh

(C)
200 to 6.100 Hz. the mmimum acceptable frequency range is 250 to 4.000 Hz.

7.1.5.4 11 Dynamic Range (Tier 3 - Design Details)
The dynamic range of a microphone used with a selected amplifier should be great enough to admit
variations in signal input of at least 50 dB.
COhiMENT: (C)

(Tier 3 - Design Details)
Loudspeakers for use in multi speaker installations and multiple channels fed into headphones
7.1.5.4 12 Frequency range

should respond unifotmly (plus or minus 5 dB) over the range 100 to 4,800 Hz.
COMMENT: Headphones and loudspeakers are subject to the same frequency itsponse restri:tions as microphones
and transmission equipment. (C)

7.1.5.4 13 Volume controls (Tier 3 - Design Details)

Accessible volume or gain controls should be provided for each con .tunication receiving channel (e.g., loudspeakers or headphones) with sufficient electrical power to drive sound pressure level to
at least 100 dB ovemil when using two earphones.
COMMENT: The minimum setting of the volume contml should be limited to an audible level,i.e.,it should not
be possible to inadvertently disable the system with the volume control While separation of power (on-off) andhi bination.
volume control adjustment functions into sernrate controls is preferTed should conditions justify t e r comi ange

a nouceable detent position should be provided between the OFF position and the lower end of the cont nuous rof volume adjustment. When combined power and volume controls are used. the OFF position should be labeled.
(C)

Loudspeakers for multi channel monitoring. (Tier 3 - Design Details)
When several channels are to be monitored simultaneously by means of loudspakers, the speakers7.1.5.4 14

should be mounted at least 10 degrees apart in the horizontal plane frontal quadrant, ranging

radially from 45 degrees left to 45 degrees right of the operators nonna! formwd facing position. COMMENT: When additional channel differennation is requind, apparent tateral separation should be enhanced byl

applying low pass filtering (frequency cutoff.Fe = 1.800 Hz) to signals fed to loudspeakers on one side of the centrai
operator posidon. If there are three channels involved, one channel should be left unfihered. a high pass filter w th
1.000 Hz cutoff should be provided in the second channel, and a low-pass filter with 2,500 Hz cutoff should be
provided in the third channel. A visual signal should be provided to show which clunnelis in use. (C)

7.1.5.4-15
Peak clipping of speech signals. (Tier 3 - Design Details)

Where speech signals are to be transmitted over channels showing less than 15 dB peak speech toroot-mean-square noise ranos, peak clipping of 12 to 20 dB may be employed at system input and
may be preceded by frequency pre-emphasis.
COMMEST: (C)
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7.1.5.4-16 Pre emphasis. (Tier 3 - Design Details)

If necessary, speech system input devices should employ frequency pre emphasis.COMhENT: The frequency Imemphasis should have a positive slope frequency chamWe no greater than 18 dB4 800 Hz,

per octave imm 140 to 1.500 to and no greater than 9 dB per octave over the frequency range 1.500 to ,
when no clipping is used. (C)

7.1.5.4-17 Use of de-emphssis (Tier 3 - Design Details)

When transmission equipment employs pre-emphasis and peak clipping is not used, receptionequipment should employ frequency de-emphasis of charactenstics complementary to those of pre
emphasis only if it improves intelligibility. COMMENT: Frequency de emphasts should be a negative slope frequency response not greater than 9 dB per octave|

over the frequency range 140 to 4.800 Hz. (C)

.
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WORKSTATION ' DESIGN7.0
72 Control and Input Devices
7.2.1 Keyboards

,

7.2.1.1 General

7.2.1.11 Numeric Keypads (Tier 1 Use)

Keyboards should be equipped with a numeric keypad when the primary task includes entry of
numeric data.
COhBM: (C)

7.2.1.12 - Overlays (Tier 1 - Use)
Mechanical overlays, such as coverings over the keyboard, should be not used.
COhBM: (C)
7.2.1.13 Minimization of Shift Keying (Tier 2 - Minimizing User Actions)
The use of key shifing functions should be minimized during data entry transactions.
COhnfENT: (C)

7.2.1.1-4 Keying Feedback (Tier 2 - Feedback)
The actuation of a key should be accompanied by tactile or auditory feedback or both.
CONBM: If there is only one, rutile feedbek is pnferred. Should supplementaty auditory feedback be used, the
sound should occur at the same point in the displacement for all keys. Supplementary auditory feedba:k should be

(F)adjustable in volume and should be capable of being tumed off.

7.2.1.15 Standard Layout (Tier 2 - General)
An ANSI standard (QWERTY) layout should be used for the typing keyboard.
COhBiENT: Common usage and the ability to transfer from one machine to another has led to the general
acceptance of the QWERTY keyboard. (F)

7.2.1.1 6 Keyboard Placement (Tier 2 - General)
The operator should be able to reposition the keyboard on the worksurface.
CONSIENT: (F)

7.2.1.1 7 Keyboard Stability (Tier 2 - General)
The keyocard should be stable during normal keying operations (i.e.,it does not slip or rock).
COhfMENT: (B)

7.2.1.1-8 Slope Adjustment (Tier 2 - General)
The slope of the keyboard should be adjustable by the operatar.
COhfMENT: (B)

7.2.1.1 9 Keytop Symbols (Tier 2 - General)
Key symbols should be etched (to resist wear) and colored with high contrast lettenng.i

COMMENT: (B)

7.2.1.1-10 Repeat Capability (Tier 2 - General)
A repeat capability for alphanumeric and symbol character keys snould be provided.
COMMENT: The repeat should have a user selectable delay wi h a default of 0.5 second. In addition,the charactert

should be repeated at a user selectable rate with a default of 0.1 second. The physicalrelease of the key should
|

termmate the repeat. (D)

I Reput Capability for Cursor Keys (Tier 2 - General)7.2.1.1 11'

A repeat capability for cursor keys should be provided. (D)
COMMEh*T: Repeat should operate in the same manner for cursor keys as for alphanumeric keys.

Page 21
| Section 7.0 Workstation Design



- -_

*=
i (

1

7.2.1.1-12 Cursor Control (Tier 2 - General)Horizontal and venical cursor control keys should be provided for text processing applications.
COhihENT: Ideally, keys for cursor control should allow (1) horizon:al and venical movement,(2) movementld be dedicated

along the taagor.als, and (3) two or more rates of movement that are user selectable. Cursor keys shoul If, however, the cursor keys are

to cursor movement, that is, should not be used for any function but cursor contro .not dedicated, that is, have collateral functions, the2 functional status shall be clearly indicated.(DE)

7.2.1.1 13 Cursor Key Layout (Tier 2 - General)
Cursor control keys should be arranged so that their orientation is compatible with the cursor
motion they produce. (DF)
COhBEh7: Cursor keys should be arranged in a *bor * a * cross," or invened.T format.

7.2.1.1-14 Geystroke Commands (Tier 2 - General)
A specially designated key (e.g., a Control key) should be one of the keys used for keystroke
commands.
CONSENT: (D)

7.2.1.1-15 Simultaneous Keystrokes (Tier 2 - General)
Keystroke commands should require the user to pres's both keys simultaneously, not in close
COhSEh7: Requiring the user to press ovo keys simultaneously reduces the likelihood of inadvenent input of atemporal sequence.

command due to a nussed keystroke that hits the spec 2 ally designated key, followed immediately by another
keystroke. (D)

7.2.1.1-16 Alternate Key Definitions (Tier 2 - General)
When the keyboard is redefined, a display of the alternate characters and their locations should be
available to the operator.
COhnEST: (D) $

7.2.1.1-17 Inadvertent Operation (Tier 2 - General)
Keys with major or fatal effects should be located so that inadvertent operation is unlikely.
COMhEh7: (B)

7.2.1.1 18 Keytop Font (Tier 2 - General) c

Keys should be labeled with a non-stylized font.
COMhEST: (B)

7.3.1.1-19 Multiple-key Rollover (Tier 3 - Design Details)
N-key (multiple key ) rollover capability should be provided for the reduction of keying errors.
COhnENT: (B)

Functional grouping (Tier 3 - Design Details)7.2.1.1-20
Color coding should be used to highlight functional key groups.
COhBEh7: Color of alphanumeric keys shovid be neutral (e.g beige grey) rather than black or white or one of
the spectral colors (red, yellow green, or blue). (B)

7.2.1.1-21 Key Force (Tier 't - Design Details)
The maximum force required to depress keys should be between .25 and 1.5 N; a key force of
between 0.5 and 0.6 N is preferred. (BE)
COhBEh7: The force required for key displacement should be 0.3 to 0.75 N for :rpentive keying tasks.

7.2.1.1-22 Key Displacement (Tier 3 - Design Details)
Keys should have a maximum vertical displacement between 1.5 mm and 6.0 mm (0.06 and 0.24
inch); the preferred displacement is between 2.0 and 4.0 mm (0.08 and 0.16 inch).,

(BE)COhBEh7: Displacement vanability between keys should be muumized.
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Keyboard Surfaces (Tier 3 Design Details)
7.2.1.1 23
A matte finish should be used for keyboara surfaces.
COh!AENT: The spectacuhr reflectance, gloss, of kay caps and visible surfaces should be 45 percent or less when

(B.F)
measured with a (Adegree gloss instrument or equivals.nt device.

7.2.1.1 24 Keytop Size (Tier 3 Design Details)
The minimum norizontal strike surface of the keytop should be at least 12 mm (0.47 inch) in

CONBENT: The keytop may be of any shape (square, mund. rectangular, ec.) provided spacing requirements arewidth.

not violated. (F)

7.2.1.1 25 Key Spacing (Tier 3 - Design Details)
Center line distances between adjacent keys should be between 18 and 19 mm (0.71 and 0.75 inch)
horizontally and between 18 and 21 mm (0.71 and 0.82 inch) vertically.
COhBENT: (F)

7.2.1.1-26 Push Ilutton Height (Tier 3 Design Details)

Push-button height for decimal entry key pads should be betwen 1/4 and 3/8 inch.'

COhBENT: (C)

7.2.1.1-27 Key lleight (Tier 3 Design Details)

Key height for alphanumeric keyboards should be between 3/8 and 1/2 inch.
COhBENT: (C)

7.2.1.1 28 Keyboard Slope (Tier 3 - Design Details)
Keyboards should have a slope of 15 to 25 degrees from the horizontal; 12 to 18 degrees is
preferred.
COhBENT: (B)

7.2.1.1 29 Keyboard Thickness (Tier 3 Design Details)
The thickness of the keyboard,i e., base to the home row of keys, should be less than 50 mm
(acceptable); 30 mm or less is preferred.
COhBENT: (B)

7.2.1.1-30 Key Nomenclature (Tier 3 - Design Details)
Nomenclature for the primary symbols on the keys should be a mmimum of 2.6 mm (0.1 inch) in
height and has a mmimum luminance modulation of 0.5 (contrast ratio of 3:1).(F)COhBEhT: Key nomenclanzre may be darker or lighter than the backgmund.
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WORKSTATION DESIGN7.0 Control and Input Devices7.2
7.2.1 Keyboards
7.2.1.2 Special Function Keys

7.2.1.21 Availability (Tier 1 Usc)
Fixed function keys should be selected to control functions that are continuously available.

Lockout of faed function keys should be rnininund At any step in a transaction sequere,l
however. function keys which are not used for current inputs should be temporatily disabled under computer contro .COhSENT:

(C)
Mechanical overlays should not be used fcr this purpose.

(Tier 2 - Sequencing and Grouping)
Fixed function keys should be logically grouped and should be placed in distinctive locations on7.2.1.2 2 Grouping

the keyboard.
COhBENT: (C)

Standardization (Tier 2 - Consistency)7.2.1.23
Fixed function keys should be comrnon throughout the system.
COhihENT: (C)

7.2.1.2-4 Functional Consistency (Tier 2 - Consistency)
A key assigned a given function should not be reassigned to a different function for a given user.
COhBENT: (C)

7.2.1.2 5 Feedback (Tier 2 - Feedback)When fixed function key activation does not result in an immediately obsen able natural response,
the user should be given an indication of system acknowledgement.
COMhEhT: (C)

7.2.1.2-6 Actuation (Tier 2 - General)
Except when used to toggle between two opposing statex a fixed functicn key should require only
a single actuation to accomplish its function.
COhBENT: (C)

7.2.1.2-7 Function labels (Tier 2 - General)
Key anignments should be displayed at all nmes, preferably through direct marking.
COhihENT: W1.en: abbreviations an: necessary, standardued abbreviations shouldbe used. (C)

Repeat (Tier 2 - General)7.2.1.28
Function keys (except for the delete key) should not repeat.
COhSEhT: (D)

7.2.1.2 9 Inactive Function Keys (Tier 2 - General)
Unneeded function keys, either fixed or programmable, should be disabled so that no other action
occurs upon their depression except an advisory message.
COhihENT: (D)

7.2.1.2 10 Inactive Keys (Tier 3 - Design Details)
Non-active fixed function keys should be replaced by a blant key on the keyboard.
COMhEhT: (C)

\'
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7.0 WORKSTATION DESIGN
7.2 Contri,1 and Input Devices
7.2.1 Keyboards
7.2.1.3 Variable Function Keys

7.2.1.31 Status display- (Tier 2 - General)
When the effect of a function key varies, the status of the key should be displayed.
COhihDT: (C)

Relabeling (Tier 2 - General)7.2.1.32

Variable function keys should be easily relabeled.COhthni: Labels for variable function keys, located along the perimeter of a display, may be generated on the
disptay face. (C)

7.2.1.3-3 Easy return to base. level functions. (Tier 2 - General)>

Where the functions assigned to a set of function keys change as a result of user selection, the user
should be given an easy means to return to the initial, base. level functions.
COhihBT: (C)

(Tier 2 _ General)Reprogrammable or inactive default functions
When keys with labeled default functions are reprogrammed or tumed off, a visual warning should7.2.1.3-4

alert the user that the standard function is not currently accessible via that key.
COhfMEN7: (C)

Shifted Characters (Tier 2 - General)7.2.1.35
Shift keys should be not required to operate variable function keys.
COMMENT: (C)

(

i
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7.0 WORKSTATION DESIGN
7.2 Control and Input Devices
7.2.2 Direct Manipulation Controls
7.2.2.1 General

7.2.2.11 Feedback (Tier 2 Feedback)
Visual or auditory feedback should be provided to indicate that a controller input has be~a

registered.COhihENT: his is especially imponant when the control surface does not depress or move (such as with a force
(D)

joystick or touchsen:en), thereby poviding little tartual feedback to the user.

7.2.2.1 2 Controller X-Y Movement Requirements (Tier 2
General)

The controller should be able to produce any combination of x and y output values.
.

COhBENT: (D)
(Tier 2 -Single Monitor / Single Controller Cursor Travel Limits7.2.2.13

In a single monitor / single controller environment, movement of the contrclier should be able toGeneral)

drive the follower only to the edge of the screen, not off the sc..:en.
COhBENT: (D)

7.2.2.1-4 Control / Display Ratios (Tier 2 - General)
Control / display ratios should take into account both screen size and n, acuvering surface size.

At a minimum, movement of the conuoller across the entire manet nns surface should move thel
COhihEhT:
cursor from one side of the screen to the other. (D)

7.2.2.1 S Selectable Screen Region Size (Tier 2 - General)
Selectable screen items or regions should be separated from each other by a sufficient distance to(
muumtze inadvertent activation of adjacent items or regions.

COMhENT: (D)

7.2.2.1-6 Selectable Tracking Speed (Tier 3 - Design Details)
The controller tracking speed (control display ratio) should be user selectable fmm a predefined list

.

of altematives, but should have a moderate default speed. '

COhBEhi: Selectable is, for example, slow 2:1 unenhanced.1:1. moderate enhancement.1:2, and high
The contro!' display ratios should take into a: count both screen size and maximum maneuvering

enhancement 1:3)
displacement. (D)

7.2.2.1-7 Selectable Inter-Click Interval (Tier 3 - Dsign betails)
If multiple clicks are regtured on a wiection button, tne user should be able to select the inter-click
interval from a predefmed list of alterndves.
COhBEhT: here should be e mWerate defan!t setting. (D)

7.2.2.1-8 Cursor-Controller Movement Correlation (Tier 3 - Design Details)

The pointing cursor manipulated by an x-y controller should smoothly track the movement of theconuoller in the same direction, within +/-10 degrees without backlash, crosseoupling, or the need
for multiple corrective movements.
COMhEh7: (D)

I
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7.0 WORKSTATION DESIGN
7.2 Control and input Devices
7.2.2 Direct Manipulation Controls
7.2.2.4 Joysticks

(Tier 1 - Use)
Appropriate Use of Displacement (Isotonic) Joysticks

When positioning accuracy is more critical than positioning speed, displacement joysticks shouldbe selected over isometric joysticks. Displacement joysticks may also be used for various display
7.2.2.4 1

functions such as data pickoff from a display and generation of free-drawn graphics.
COMMENT; Displacement joysticks which are used for rate consol should be spring-loaded for return to centerij k and are less
when the hand is remove. Displacement joysticks usually require less forte than isometr oystac s
f anguing for long operaung penods. In addition to the general use, hand operated displacement joysticks may be used

Hand operated d splacement joysdeks may be used as mounting
as vehicle controllers and aiming sensors.
plationns for secondary controls, su:h as thumb and fmger operated switches. Operation of secondary controls has
less induced enor on the displacement hand grip than does isometric handgrips. In adaition to the general uses, fmger-b

operated displacement joysti:ks are useful for free-drawn Fraphics. Thumb /fmgenip joysticks may also be used ut
sperifi: uses are TBC. (C)

7.2.2,4-2 Appropriate Use of Force Joysticks (Tier 1 - Use)
Isometric joystick controls may be used when the task requires precise or continuous control in
two or more related dimensions. (1)which require precise return to
COmENT: Isometri: foysticks are particularly appropnate for appli:ations: l
center af ter each use; (2) in which operator feedback is pnmarily visual rather than tactile feedback frorn the conne
itself; and f3) where there is mirumal delay and tight coupling between control and input and system reaction.
Isometri: sticks should ordinarily not be used in applications where it would be necessary for the operator to
maintain a constant forte on the control inputs have been exceeded. When positioning speed is more critical thanHand opuated force
positioning accuracy,isomenic joysticks should be selected over displacement joysticks.

joysticks may be used as mounting platforms for secondary controls, such as thumb and ftnger operated switches. Operation of secondary controls has greater induced error on the isomenic hand grip than on displacement handgnp(C)
joysticks. Finger and thumtvrtngertipjoysticks may also be used but specific uses are TBD.

7.2.2.4-3 Finger-Operated Displacement Joysticks Mounting (Tier 2 - General)

Joysticks should be mounted to provide forearm or wrist suppon. Modular devices should bemounted to allow actuation of the joystick without slippage, movement, or tilting of the mounting
base.
COMI ENT: (C)

7.2.2.4-4 Finger Operated Force Joystick MountJng (Tier 2 - General)

Juysticks should be mounted to provide fotearm or wrist support. Modular devices should bemounted to allow actuation of the joystick without slippage, movement, or tilting of the mounting
base.
COmENT: (C)

Thumbtip/ Fingertip Operated Displacement Joysticks Dimensions7.2.2.4 5
(Tier 2 General)

Joysticks should be mounted to provide wrist or har:d support. Modular devices should bemounted to allow actuation of thejoystick without slippage, moverrent, or tiltir:g of the mountmg|
'

base.
COMhENT: (C)

(TierHand-Operated Displacement Joysticks Dynamic Characteristics7.2.2.4 6
3 - Design Deta.ils)
The output of the displacementjoystick should be proponional to and in the same direction as the
displacement of the joystick from the center. Movement should not exceed 45 degrees from the
cent:r posinon.

Page 29
Section 7.0 Workstation Design

_ _



?

p= .

COhniEST: Movement should be smooth in all directions, and positioning of a follower should be anainablel i f iction and
_ th, cross coupling or need for muldple corrective movements. Contro rat os, r
aal requirements of rapid gross posidoning and precise fine position. When used forwithout n~jeeable ba: ,

i

generation of free-drawn graphies, the refresher rate for the follower on the display should be sufficiently high to g veinenialfaould meet the

the appearance of a contiriuous track. (C.D)

(Tier 3 -Hand Operated Force Joysticks Dynamic Characteristics7.2.2.4 7

De output of the force joystick shoula be proportional to and in the same direction as the user's
Design Details)

perceived applied force. Maximum force for full output should not exceed 26.71b (118 N).
CohnfENT: (C,D) 1

|
Hand Operated Displacement Joysticks Dimensions, Resistance, and7.2.2.4-8

Clearance (Tier 3 "esign Details) .

The hand grip length shomd between 4.3in - 7.lin (110 - 180mm). De grip diameter should notexceed 2in (50mm). Clearances of 4 in (100mm) to the side and 2in (50mm) to the rear should be
provided to allow for hand movement. COMMENT: Joysticks should be mounted to provide forearm suppon. Modular devices should be mounted to(C)
allow actuation of thejoystick without slippage, movement. or tilting of the mounting base.

Hand Operated Force Joysticks Dimensions; Resistance; and Cfcarance7.2.2.49
(Tier 3 Design Details)

The hand grip length should be between 4.3in - 7 lin (110 - 180mm).COMhiENT: The gnp diameter should not exceed 2in (50mm). Clearances of din (100mm) to the side and 2in
(50mm) to the rear should be provided to allow for hand movement. Joysticks should be mounted to pmvide forcann

Modular devices should be mounted to a110w actuation of the joystick rithout sbppage, movement, orsupport.
tilting of the mounting base. (C)

Finger-Operated Displacement Joysticks Dynamic Characteristics7.2.2.4 10
(Tier 3 - Design Details)
The output of the displacement joystick should be proportionM to and in the Lame direction as the
displacement of the joystick from the center. Movement should not exceed 45 degrees from the

COMhiENT: 'Ihe nststance should be sufficient to maintain the handle position when the hand is removed.
center posmon.

Movement shuld be smooth in all disicas, and paennains of a follower should be attainable without noticeable
Contml ratios, friction and inertal should

backlash, ctoss-coupling, or need for multiple conective movements.
meet the dual requimments of rapid gross pasitioning and precise fine positioning. When used for generation of fne-of
drawn graphics, the refresher rate fw the followw on the display should be sufDeiently high to ght the ap,
a continuous track. (C.D)

7.2.2.4 11 Finger-Operated Force Joystick Dynamic Characteristics (Tier 3 -

Design Details)ne oteut of the force joystick should be proportional to and in the same direction as the user's
perceived applied force.
COMMENT: (D)

Thumbtip/ Fingertip-Operated Displacement Joysticks Dynamic7.2.2.4-12
Characteristics (Tier 3 - Design Detal; )
. numbtip/ fingertip operated joysticks may be mounted on a handgrip, which seves as a steady
rest to damp vibrations and increase precision. If so mounted, the hand grip should not
simultaneously function as a joystick controller.
COMhfENT: (C,D)

Thumb / Fingertip-Operated Force Joystick Dynamic Characteristics7.2.2.4 13
(Tier 3 - Design Details)
he output of the force joystick should be proporticaal te and in th: same direction as the vser's
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7.0 WORKSTATION DESIGN
7.2 Control and Input Devices
7.2.2 Direct Manipulation Controls
7.2.2.2 Trackballs

7.2.2.2.I Appropriate Use of Trackball (Tier I Use)

A trackball controller suspended on low friction bearings may be used for various control
functions such as data pickoff on a display.
COhBhi: Because the ball can be rotated without limit in any direction it is well suited for applications whereii ntrols (i.e., a

there may te a: cumulative travel in a given direction. Tra:Lballs should be used only as pos t on co(C)
given movement of a ball makes a proponional movement of the follower on the display).

Trackball Dynamic Characteristics (Tier 2 - General)
The trackball should be capable of rotation in any direction so as to generate any combination of x7.2.2.2 2

and y output values. When moved in either the x or y directions alone there should be no apparent
cross-coupling (follower movement in the orthogonal direction).
COhihhi: While manipulating the control, neither backlash nor cross-coupling should be apparent to the

,

operator. Control ratios and dynamic features should meet the dual requirement of rapid poss positioning and
smooth, precise fine positioning. (C)

Positive Centering Interface Requirements (Tiet 2 - General)
Trackball interfacing system should provide the capability for an automatic retum to point of7.2.2.23

Such as a pointing "home" position. 'Ihe operator should not have to use the tackball to constantlyongin.
C O hih B T:
position the pointing device at this home position. (C)

7.2.2.2-4 Limb Support (Tier 2 General)
When trackball controls are used to make precise or continuous adjustments, wrist support or arm
support or both should be provided.
CohnsT: (C)
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7.0 WORKSTATION DESIGN
7.2 . Control and Input Devices
7.2.2 Direct Manipulation Controls
7.2.2.3 Mice

7.2.2.3 1 Appropriate Use of Mice (Tier 1 - Use)
.

A mouse controller may be used on any flat surface to generate x and y coordinate values which
control the position of the follower on the associated display.
COhBEh7: (C)

7.2.2.3-2- Use of Mouse by Either Hand (Tier 2 - General)
The controller should be operable with either the left or right hand.
COhBTENT: (C)

7.2.2.3 3 Mouse Dynamic Characteristics (Tier 3 Design Details)
'

The design of the controller and placement of the maneuvering surface should be such as to allowthe operator to consistently orient the controller to within 10 des of the correct orientation without
visual reference to the controller.COhniENT: For example. when the operator grasps the contmiler in what seems to be the contet crientation and
moves it rectilinearly along what is assumed to be straight up the y axis, then the direction of movement of the*ne contmiler should be easily
follower on the display should be between 350 armi 10 deg (6110 and 175 mrad).
movable in any direction without a change of hand grasp. (C)

7.2.2.3-4 Mouse Dimensions ated Shape (Tier 3 Design Details)
The mouse should have no sharp edges but should be shaped roughly as a rectangular solid
COhBtFRT: (C)

,

!

i
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perceived applied force.
COMMENT: (D) Dimensions; Resistance;

Operated Force Joystick
7.2.2,4 14 Thumb / Fingertip ign Details)
and Clearance (Tier 3 - DesJoysticks should be mounted to provide wrist or hand support. Modular devices should be
mounted to allow actuation of the joystick without slippage, movement, or tilting of the mounting
COMMEh7: Thumbtip/ fingertip opented joysticks may te mounted on a handgrip, which serves as a steady rest tobase. ik

damp vibrations or increase precision. If so mounted the hand grip should nat sirnitaneously function as a joyst c
contmiler. (C)
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WORKSTATION DESIGN7.0
7.2 Control and input Devices
7.2.3 Direct Pointing Controllers
7.2.3.1 General

(Tier 2 General)
Controller Placement and Movement

Movement of the controller on the control surface should result in the smooth movement of the7.2.3.1 -1

follower in the same direction at the same rate as that of the controller. COMMENT: Placing the contmlier at a point on the control surface should result in the follower appeanng at thed h n the
contsponding point on the screen, both when the control surface is the screen (or screen overlay) an w e(D)
control surf ace is remote; the follower should remain motionless until the controller is moved.

(Tier 2 Gen:ral)
Direct Pointing Controller Placement Location

Placing a direct pointing controller at the top of the control surface should result in the followerappeanng at the top of the screen. This relationship should hold true even if the screen is n t e
7.2.3.12 i h

vertical plane and the grid is in the horizontal.
COMMENT: (D)

1
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7.0 WORKSTATION DESIGN
7.2 Control and Input Devices
7.2.3 Direct Pointing Controllers
7.2.3.2 Touch Screen

(Tier 1 Use)
7.2.3.2 1 Appropriate Use of Touch screen Controllers
Touch screens should be used for main item selection, scrolling, data retrieval, and data entry.
COMhENT: Touch screen control may be used to provide an overlaying control function to a data display device
such as displays, dot manu/ segmented displays, electroluminescent displays, programmable indicators, or other
display devices where direct visual reference access and optimnm ducet control access are desired. Touch screens are(B.C.D)
not recommended if task requires holdtng arm up to the screen for long periods of time,

7.2.3.22 Actuation Feedback (Tier 2 Feedback)

A positive indication of touch screen actuation should be provided to acknowledge that the
command has been accepted and the system response to tie control action.
COhihENT: (B,C)

7.2.3.2-3 Cursor Characteristics (Tier 2
General)

When using a touch screen, the cursor should be visible on screen, offset from the point where the
user's finger touches the screen and should be draggable as the user moves his/her fmger.
COhnENT: In addition, a manual action independent from cursor control should be r quired for selecting an object
or action. (D)

7.2.3.2-4 Serial Command Response (Tier 2 - General)
The system should accept only one command at a tinx.
CohBENT: (B)

7.2.3.2 5 Feedback for Multiple Workstations (Tier 2 - General)
Disenmmable audible beeps (used to supply feedback) should be used when more than one touch
screen is employed at more than one workstation.
COMhENT: (B)

7.2.3.26 Neutral Tint of Touch Overlays (Tie. 2 - General)
To avoid alteration of color codes, touch screns should be toned with a neutral tint.
COhBENT: (B)

Dimensions and Separation of Touch Zones (Tier 3 - Design Details)7.2.3.2-7
To allow for finger size and parallax inaccuracy, the dimensions and separation of response areas
of touch screen should be a manmum height and width of 1. Sin (38mm) and a muumum height
and width of 5/ Sin (15mm) with a manmum separation distance of 1/4in (omm) and minimum of t/ Sin

(3mm).
COhihENT: (C.D)

7.2.3.2-8 Resistance (Tier 3 - Design Details)
Force required to operate form-actuated touch screens should be a manmum of 5.3oz (1.5N) and
muumum of 0.902 (250m").

i COhSENT: (C)
|

7.2.3.29 Luminance Transmission (Tier 3 - Design Details)t

Touch screen displays should have sufficient lummance transmission to allow the display with
'

touch screen installed to be clearly readable in the intended environment.
COMhEST: (B,C)
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7.0 WORKSTATION DESIGN
7.' Control and input Devices
7.2.3 Direct Pointing Controllers
7.2.3.3 Light Pen

7.2.3.3 1 Appropriate Use of a Light Pen (Tier 1 - Use)

A light pen may be used when non-critical, imprecise input functions are required.Such direct pointing controls should be used w hen item selection is the pnmary type of data entry,
Tasks involving light pens should not requireCOhBENT:

cursor placement, text selection, and command construction.
frequent, alternating use of the light pen and the keyboard or require long, continuous intervals of light pen use.
(C)

7.2.3.3 2 Feedback (Tier 2 - Feedu ck) ,

Two forms of feedback should be provided to the user when using a lightpen: (1) Feedback
conceming the position of the lightpen. (2) Feedback that the lightpen has actuated and the input
has been received by the systent
COhBENT: Feedback in the form of displayed cursor (such as circle or crosshair)is preferable, or highlighting
which also infonns the user that the system is recognir.ing the presence of the lightpen. 'Ihe feedback should be
large enough to be seen under the point of the lightpen, (C)

7.2.3.3 3 Dynamic Characteristics (Tier 2 General)
When used as a two-axis controller, movement of the light pen in any dire.: tion on the surface
should result in smooth movement of the follower in the same direction.

'

Discrete placement of the light pen at any point on the surface should cause the follower to appear atCOhBENT: Refresh rate for the
the corresponding emrdmates and to remain steady so long as the light pen is not moved.
follower should be sufficiently high to ensure the appearan:e of continuous track whenever the '.ight pen is used for
generanon of freedawn graphics. (C)

7.2.3.3-4 Dimensions and mounting (Tier 3 - Design Details)
'The light pen should be 4.7-7.lin (120-180mm)long with a diameter of 0.3-0.8in (7-20mm). A
convenient clip should te provided at the lower right side of the display to hold the pen when not
in use.
COhBENT: (C)

7.2.3.3 5 Light Pen Actuation (Tier 3 Design Details)
Light pens should be equipped with a discrete actuating /deactuation mechanism. For most
applications, a push-tip switch, requiring 2-Soz (0.5N - 1.4N) of force to actuate, is preferred.
COhBENT: (C)

i

,
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7.0 WORKSTATION DESIGN
7.2 Control anc Input Devices

Direct Pointing Controllers7.2.3
7.2.3.4 Graphic Tablet - Grid and Stylus Devices

7.2.3.41 Appropriate Use of a Graphics Tablet (Tier 1 Use)

Grid and stylus devices may be used for data pickoff from a display, entry of points on a display,
generation of free-drawn graphics and similar control applications. Devices of this type should be
used only for zero order control functions.COMhENT: For example, displacernent of the stylus from the reierence position causes a proporJonal
displacement of the follower. The grid may be on a transparent me&um allowing stylus placemen' &rectly over
corresponing points on the 6 splay or it may be 6splaced from the 6 splay in a convenient position for stylus
manipulation. In either case a follower (bug. Mark, hook, etc.) should be presented on the display at the coordinate
values selected by the stylus. (C)

7.2.3.42 Dynamic Characteristics (Tier 2 - General)
Movement of'the stylus in any direction on the grid sudace should result in smooth movement of
the follower in the same direction.
COMhEST: Discrete placement of the stylus at any point on the grid should cause the follower to appear at the

Refresh rate for the follower

corresponing coorinates and to remain steady so long as the stylus is not moved.should be sufficiently high to ensure the appeararce of a condnuous track whenever the stylus is used for generation
of free-drawn graphics. (C)

7.2.3.43 Dimensions and Mounting (Tier 3 - Design Details)
Transparent grids which are used as display overlays should conform to the size of the display.
Grids which are displaced from the display should approximate the display size and should be
mounted below the display in an orierr uion to preserve directional relationships to the m.uimum

COhtMFNT: For example, a venical plane pa.ums traough the nonh/ south axis on the Frid should pass through or
extent .

be parallel tot he nonl/ south axis on the display. (C)

!
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7.0 WORKSTATION DESIGN
7.2 Control an i Input Devices
7.2.3 Direct Pointing Contropers
7.2.3.3 Light Pen

(Tier 1 - Use)
7.2.3.3-1 Appropriate Use of a Light hnmprecise input functions are required.
A light pen may be used when non-criticalSuch direct. pointing controls shu ,,d be used when item selection is the prunary type of data entry,Tasks involving light pens should not requireCOMMEh7:

cursor pla:ement. text selection, and command construction. frequent, alternaung use of the light pen and the keyboard or require long, continuous intervals of light pen use.
(C)

7.2.3.3 2 Feedback (Tier 2 Feedback)
~

Two forms of feedback should be provided to the uscr when using a lightpen: (1) Feedbackconceming the position of the lightpen, (2) Feedback that the lightpen has actuated and the input
has been received by the system. COMMENT: Feedba:1in the f onn of duplayed cursor (such as cir:le or crosshair)is preftrable, or highligMr gkh ld be
which also informs the user that the system is recognizing the presence of the lightpen. The feedbac s ou
large enough to be seen under the point of the lightpen. (C)

7.2.3.3 3 Dynamic Characteristics (Tier 2 - General)
When u3ed as a two-axis controller, movement of the light pen in any direction on the surface
should result in smooth movement of the follower in the same direction.Discrete pla:ement of the light pen at any point on the surfa:e should cause the follower to appear atRefresh r te for theCOMMENT:

the correspondmg coortnates and to rernain steady so long as the light pen is not moved. follower should be sufficiently Idgh to ensure the appearance of continuous track whenever the light pen is used for
generation of free-drawm gntphics. (C)

7.2.3.3-4 Dimensions and mounting (Tier 3 - Design Details)
The light pen should be 4.7-7.lin (120-180mm)long with a diameter of 03-0.8in (7-20mm). A
convenient clip should be provided at the lower right side of the display to hold the pen when not
in use.
COMMENT: (C)

7.2.3.3 5 Light Pen Actuation (Tier 3 - Design Details)

Light pens should be equipped with a discrete acmating/deactuation mechanism. For mostapplications, a push-tip switch, requiring 2-Soz (0.5N - 1.4N) of force ta actuate,is preferred.
COMMENT: (C)
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7.0 WORKSTATION DESIGN
7.4 Control Room Connguration
7.4.1 Environinent
7.4.1.1 Glare

7.4.1.1 1 Nonrenecting Screen Positioning (Tier 2 General)

The screen should be positioned so that sources oflight and/or bright objects do not reflect into the
expected viewing position.
COMMENT: (B)

Nonglare VDU Screen Surface (Tier 2 General)
7.4.1.12
The surface of the VDU Screen should be modified to reduce specular glare.
COMMEh7: (B)
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1 MODEL DEVELOPMENT
.

i.1 Dbjectives

One issue to emerge from the review process of evolutionary reactor control
room designs was that complete detailed HSI design information would not be
available for review prior to design certification and that certification
would be based partially on the approval of a design and implementation
process plan. The process must contain: (1) descriptions of all required HFE
program elements for the design, development and implementation of the
evolutionary reactor human-system interfaces, (2) identification of
predetermined NRC conformance review points, and (3) design acceptance
criteria (DAC) and Inspection, Test, Analysis and Acceptance Criteria (ITAAC)
for the conformance reviews.

To review the designers process, it is necessary to: (1) assess whether all
the appropriate HfE elements are included (2) identify what materials are to
be reviewed for each element, and (3) evaluate tha proposed DAC/ITAAC to
verify each of the elements. Since a process review has not been conducted
previously by the NRC as part of reactor licensing and is not addressed in the
presently available guidance, i.e., NUREG-0800, a firm technical basis for
such a review is not available. To conduct the review, it is important to

'

identify which aspects of the process are required to assure that safety goals
are achieved and to identify the review criteria by which each element can be
assessed. Review criteria independent of that provided by the designer is
required to assure that the design alan reflects currently acceptable human
factors engineering practices and t1at it is a thorough, complete, and
workable plan. Thus, a technical basis for review of the process was
developed and is described in this section. The specific objectives of thic
effort are:

1. To develop an HFE program review model to serve as a technical basis for
the review of the 3rocess proposed for certification. The model
requirements are t1at it be: (1) based upon currently accepted
practices, (2) well-defined, and (3) validated through experience with
the development of complex, high-reliability systems.

2. To identify the HfE elements in a system development, design, and
evaluation process that are necessary and sufficient requisites to
successful integration of the human component in complex systems.

3. To identify which aspects of each HFE element are key to a safety review
and are required to monitor the process.

4. To specify the specific acceptance criteria by which HfE elements can be
evaluated.

1.2 1 caps

The scope of the HFE Program Review Model was restricted by two factors.
First, those elements of a complete HFE program that are already adequately
addressed by existing NRC requirements for license applicants were excluded

1
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from the scope of the model. Included in this category were training program
development and the details of procedure development. The second category of*

exclusion were those elements that are the responsibility of other NRC review
teams. This category includes human reliability analysis which, while
important to HFE program developnent, is the responsibility of '.he SSAR
Chapter 19 reviewers. Therefore, the scope of the model devel;pment described
below was restricted to those aspects of HFE design review remaining af ter the
above elements are excluded.

1.3 Development Method

A technical review of current HFE guidance and practices was conducted to
identify important human factors program plan elements relevant to a design
process review. Sources reviewed included a wide range of nuclear industry
and non-nuclear industry documents, including those currently under
development as part of the Department of Defense (DoD) MANPRINT program
(Booher, 1990, DoD, 1989; DoD, 1990a). From this review a generic system
development, design, and evaluation process was defined. Once specified, key
HFE elements were identified and criteria by which they are assessed (based
upon a review of current literature and accepted practices in the field of
human factors engineering) were developed.

The generic HFE Program Review Model was developed based largely on applied
general systems theory (Bailey,1982; DeGreen,1970; Gagne, et al.,1988;
VanCott et al.,1972; Woodson,1981) and the Department of Defense (DoD)
system development process which is rooted in systems theory (DoD, 1979a; DoD,
1990b; Kockler et al., 1990). Other DoD documents were utilized as well (see
References section).

Applied general systems theory provides a broad approach to system design and
development, based on a series of clearly defined developmental steps, each
with clearly defined and goals, and with specific management processes to
attain them. System engineering has been defined as "...the management
function which controls the total system development effort for the puraose of
achieving an optimum balance of all system elements. It is a process witch
transforms an operational need into a description of system parameters and
integrates those parameters to optimize the overall system effectivenets
(Kockler et al., 1990).

Utilization of the DoD system development as an input to the development of
the Generic HFE Program Model was based on several factors. DoD policy
identifies the human as a specific element of the total system (DoD, 1990a).
A systems approach implies that all system components (hardware, software,
pe'rsonnel, support, procedures, and training) are given adequate consideration
in the developmental process. A basic assumption is that the personnel
element receives serious consideration from the very beginning of the design
process. In addition, the mi'itary has applied HFE for the longest period of
time (as compared with industrial / commercial system developers), thus the
process is highly evolved and formalized and represents the most highly
developed model available. Finally, since military system development and
acquisition is tightly regulated by federal, DoD, and military branch laws,

2
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! raytic o.,n., requirements, and standards, the model provides the most finely ;

e>Sv,,po, specifically defined HFE process available. -

,

,

Jithin the DoD system, the development of a complex system begins with the'

mission or purpose of the system, and the capability requirements needed to
E. satisfy mission objectives. Systems engineering is essential in the earliest

planning period to develop the system concept and to define the system
requirements. During the detailed design of the system, systems engineering
assures:

balanced influence of all required design specialties;*

resolution of interface problems;*
the effective conduct of trade-off analyses;*
the effective conduct of design reviews; and*

the verification of system performance.*

The effective integration of HfE considerations into the design is
accomplishej by: (1) providing a structured top-down approach to system
development which is iterative, integrative, interdisciplinary and
requirements driven and (2) providing a management structure which details the "

HfE considerations in each step of the overall process. A structured top-down
approach to NPP HFE is consistent with the approach to new control room Cesign
as described in Appendix B of NVREG-0700 (NRC,1981) and the more recent
internationally accepted standard, IEC 964 (1989) for advanced control room
design. The approach is also consistent with the recognition that human
factors issues and problems emerge throughout the NPP design and evaluation
process and therefore, human factors issues are best addressed with a
comprehensive top-down program.

The systems engineering approach was expanded to develop an HFE Program Review
Model to be used for the evo'utionary reactor design and implementation
process review by the ,ncorporation of NRC HFE requirements.

.
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2 GENERAL MODEL DESCRIPTION
,

In this section an overview of the model is presented to generally describe
the HFE elements, products reviewed for each element, and the acceptance
criteria used to evaluate the element.

The model is intended as the programmatic approach to achieving a design
commitment to HFE. The overall commitment and scope of the HFE effort can be
stated as follows: Human-system interf aces (HSI) shall be provided for the
operation, maintenance, test, and inspection of the NPP that reflect " state-
of-the-art human factors principles" (10 CFR 50.34(f)(2)(iii)) as required by
10 CFR o2.47(a)(1)(ii). For the purposes of model development " state of the
art" human factors principles are defined as those princinles currently
accepted by human factors practitioners. " Current" is defined with reference
to the time at which this model was developed. " Accepted" is defined as a
practice, method, or guide which is (1) documented in the human factors
literature within a standard or guidance document that has undergone a peer-
review process, and/or (2) justified through scientific / industry research
practices.

All aspects of HS1 should be developed, designed, and evaluated based upon a
structured top-down system analysis using accepted HFE principles based upon
current HFE practices. HS1 is used here in the very broad sense and shall
include all operations, maintenance, test, and inspection interfaces,
procedures, and training materials.

,

The model developed to achieve this commitment contains eight elements:

Element 1 - Human Factors Engineering Program Management*
Element 2 - Operating Experience Review*

Element 3 - System functional Requirements Analysis*

Element 4 - Allocation of Function*

Element 5 - Task Analysis*

Element 6 - Human-Syste, Interf ace Design*
Element 7 - Plant and Emergency Operating Procedure Development*

Element 8 - Human Factors Verification and Validation.*

The elements and their interrelationships are illustrated in Figure A.I. Also
illustrated are the minimal set of items submitted to the NRC for review of
the COL's HFE effortt.. All NRC review items are identified as falling int;
one of the five review stages:

HF Management Planning Review*
Implementation Plan Review*

.

Analysis Results Review*

HSI Results Review*

Human factors Verification and Validation*

The materials reviewed d each 1Ngo are shown in Figure A.2.

4
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A brief description of the purpose of each element follows:

Element 1 - Hunan_fA tors Enaineerino_Piggram hansacatat

To assure the integration of HFE into system development and the achiavement
of the goals of the HfE effort, an HS1 Design Team and an HTE Program Plan
shall be established to assure tha proper development, execution, oversight,
and documentation of the human factors engineering program. As part of the
program plan an Hf t issues tracking system (to docaent and track HfE related
aroblems/ concerns / issues and their solutions throughout the HfE program) will
se established.

Rement_2 - Operatina EKpritage Review

The accident at ihree Mlle Island in 1979 and other reactor incidents have
illustrated significant problems in the actu.. Jesign and the design
philosophy of NPP HSis. There have been many studies as a result of these
accidents /ircidents. Utilities have implemented both NRC mandated changes and
additional improvements on their own initiative. However, the changes were
formed based on the constraints associate ( with backfits to existing control
rooms (CRs) using early 1980s technology which limited the scope of corrective
actions that might have been considered, i.e., more effective fixes could be
used in the case of a designing a new CR with the modern technology typical of
advanced CRs. Problems and issues encountered in similar systems of previous
designs shall be identified and analyzed so that they are avoided in the
development of the current system or, in the case of positive features, to
ensure their retention.

Element 3 - Sygigm Functionkl_Rtqu.itements Analy111

System requirements shall be analyzed to identify those functions which must
be performed to satisfy the objectives of t'th functional area. System
function analysis shall: (1) determine the .bjective, performance
requirements, and constraints of the design; and (2) establish the funct;ons
which must be accomplished to meet the objectives and required performance.

USEgnt 4 - Alignilgn_91Lumtigni

The allocation of functions shall take advantage of humn strengths and avoids
allocating functions which would be impacted by human limitations. To assure
that the allocation of functions is conduc+.ed according te accepted HFE
principles, a structured and well-documented methodology of allocating
functions to personnel, system elements, and personnel-system combinations
shall be developed.

Gement 5 - Task Analysis

lask analysis shall provide the systematic study of the behavioral
requirements of the tasks the personnel subsystem is required to perform in
order to achieve the functions allocated to them. The task analysis shall:

7
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provide one of the bases for making design decisions; e.g.,*

determining before hardware fabrication, to the extent-

practicable, whether system performance requirements can be met by
combinations of anticipated equipment, software, and personnel,

assure that human performance requirements do not exceed humane

capabilities,

be used as basic information for developing procedures,*

be used as-basic information for developing manning, skill,*
training, and communication requirements of the system, and

form the basis for specifying the requirements for the displays,*

data processing and contrF : needed to carry out tasks.

Element 6 - Human-System Interface Desian

Human engineering principics and criteria shall be applied along with all
other design requirements to identify, select, and design the particular
equipment to be operated / maintained / controlled by plant personnel.

Element 7 - Plant and Emeroency Operatino Procedure Development

Plant and Emergency Operating Procedures shall be developed to support and
guide human interaction with plant systems and to control plant-related
events and activities. Human engineering principles and criteria shall be
applied along with all other design requirements to develop procedures that
are technically accurate, comprehensive, explicit, easy to utilize, and-

validated. The types of procedures covered in the element are:
plant and system operations (including start-up, power, and*

shutdown operations),
abnormal & emergency operations,e

preoperational, start-up, and surveillance tests, ande

alarm response.*

Element 8 - Human Factors Verification and Validtting

The successful incorporation of human factors engineering into the final HS!
design and the acceptability of the resulting HSI shall be thoroughly
evaluated as an integrated system using HFC evaluation procedures, guidelines,
str.ndards, and principles. -

The specification for the NRC review materials and the acceptance criteria to
be used for their evaluation are identified in the next section. Generically,
each element is divided into three sections: Design rammitment,
Inspection / Test / Analysis, and Design Acceptance Criteria.

Desian Commitment

A concise and general statement as to the HFE objective of the Element.

8
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Inspection / Test / Analysis

A specification of the inspections, tests, analysis, or other actions (i.e.,
some action that is required but which is not a specific inspection, test, or
analysis, such as development of a program plan) to assure the achievement of
the objective. Generally these are divided into three activities: planning,
'anklysis," and review. The set of materials to be provided to the NRC for
review of the element is specified.

Desian Acceptance Criteria

Acceptance criteria are typically divided into four sections: General
Criteria, Implementation Plan, Analysis Report, and HSI Design Team Review
Report. The General Criteria represent the major statement of design
acceptance criterit These are the criteria the elevant is required to meet
and which should govern the Implementation Plan, Analysis Report, and HS1
Design Team Review Report development. The general criteria are derived from
accepted HFE practices. These are the criteria derived from the Hit model
development and HFE literature and current practices review.

The HFE Program Review Model requires that HFE elements be governed by
accepted HFE practices as specified in applicable codes, standards, and
guidelines. Each element requires an identification of the codes, standards,
and guidelines which are to be applied. Applicable codes, standards, and
guidelines for the HFE Program Review Model Elements are provided below. With
respect to Element 2 - Operating Experience Review, the documents listed also
provide further issue description. While these documents contain generally
recognized acceptable apprcaches to the conduct of the HFE activity described
by the element, several caveats should be identified:

There may be inconsistencies or contradictions within and betwcon
documents. Such conflicts should be resolved on a case-by-case basis
depending upon the specific application under review.

Not each document listed under a given element necessarily address all
aspects of the element, in the conduct of a review of each element a
combination of the applicable section of several of the identified document
may be appropriate.

It should not be inferred that the listed documents provide complete
guidance for each and every activity encompassed by the element. HFE is not
at a state of maturity to be confident that all HFE activities are adequately
covered in codes, standards, and guidelines.

The listed documents represent currently accepted documents in the
human factors community. Alterni.tive approached can be found acceptable if
judged by the reviewer to be based in firm rationale. Proposed alternative
approaches should be evaluated on a case-by-case basis,

9
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3 ELEMENT DESCRIPTIONS AND ACCEPTANCE CRITERIA

.

3.1 Element 1 - Human Factors Enoineerino Procram Manacement

DESIGN COMMITMENT:

Human-system interfaces (HSI) shall be provided for the operation,
maintenance, test, and inspection of the NPP that reflect " state-of-the-art
human factors principles" (10 CFR 50.34(f)(2)(iii)) as required by 10 CFR
52.47(a)(1)(ii). All aspects of HSI shall be developed, designed, and
evaluated based upon a structured top-down system analysis using accepted
human factors engineering (HFE) principles based upon current HFE practices.
HS! is used here in the broad sense and shall include all operations,
maintenance, test, and inspection interfaces, procedures, and training needs.
The tier 1 commitment addresses main control room and remote shutdown system
functinns and equipment. Local control stations should be included in the
overall program.

State of the art human factors principles is defined as those principles
currently accepted by human factors practitioners. " Current" is defined with
reference to the time at which a program management or implementation plan is
prepared. " Accepted" is defined as a practice, method, or guide which is (1)
documented in the huraan factors literature within a standard or guidance
document that has undergone a peer-review process and/or (2) can be justified
through scientific / industry research/ practices.

INSPECTION / TEST / ANALYSIS:

To assure the integration of HFE into system development: a HSI Design Team
shall be established and a HFE Program Plan shall be established to assure the
proper development, execution, oversight, and documentation of the human
factors engineering program.

DESIGN ACCEPTANCE CRITERIA:

General Criteria

1. The primary goal of the HFE program shall be to developing an HS1 which
makes possible safe, efficient, and reliable operator performance and
which satisfy all regulatory requirements as stated in 10 CFR. The
general objectives o' this program shall be stated in " human-centered"
terms which, as the E program develops, shall be objectively defined
and shall serve as criteria for test and evaluation activities. Generic
" human-cente ed" HFE design goals include:

,

The operating team can accomplish all assigned tasks within*

system defined time and performance criteria.

The system and allocation of functions will provide*

acceptable workload levels to assure vigilance and to assure
no operator overload.

10
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The system will support a high degree of operating crew*

* situation awareness."'

Signal detection and event recognition requirements will be.

kept within the operators' information processing limits and
will minimize the need for operators to mer. tally transform
data in order to be usable.

The system will minimize operator memory load.*

The operator interfaces will minimize operator error and*

will provide for error detection and recovery capability.

2. The program shall be developed using the following docrents as
guidance:

MIL-H-46855B: Human engineering requirements for aflitary systems, equipment
and. facilities, 1979, (Department of Defense).

AR 602-1: Human factors engineering program,1983, (Department of Defense).

DI-HFAC-80740: Human engineering program plan, 1989, (Department of
Defense).

AR 602-2: Manpower and personnel integration (MANPRINT) in the materiel
acquisition process, 1990, (Department of Defense).

D00-HDBK-763: Human engineering procedures guide, 1991, (Department of
Defense).

IEEE Std 1023-1988: IEEE guide to the application of human factors
engineering to systems, equipment, and facilities of nuclear power generating

'

stations, 1988, (IEEE).

HS! Desian Team
'

1. An HSI Design Team shall have the responsibility, authority and
placement within the organization (as defined below) to ensure that the
design commitment is achieved.

2. The team shall be responsible for (1) the development of. all HFE plans
and procedures; (2) the oversight and review of all HFE design,
development, test, and evaluation activities; (3) the initiation,
recommendation, and provision of solutions through designated channels
for problems identified in the implementation of the HFE activities; (4)
verification of implementation of team recommendations, (5). assurance
that all HFE activities comply to the HFE plans and procedures, and (7)
scheduling of activities and milestones.

3. The scope of the Team's responsibility shall include:

Control and instrumentation equipment*

11
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.

all operations, maintenance, test, and_ inspection of interfaces*

and facilities both within and outside the control room,.

procedures
-

*
training requirements development. ;*

4. The Team shall- have the authority and organizational freedom to ensure..
that all its areas of responsibility are accomplished and to identify>

problems in the implementation of the HS! design. The team shall have
the authority to determine where its input is required, access work i

areas, design documentation. The Team shall have the authority-to ,

control further processing, delivery,- installation or use of HFE/HSI t

products until the disposition of a non-conformance, deficiency or *

unsatisfactory condition has been achieved.- {

5. The HSI Design Team shall be placed at the level in the COL organization
required to execute its. responsibilities and authorities. The team-
shall. report to a level of management _such that required authority and !

organizational freedom are provided, including sufficient independence
from cost and schedule considerations.

6. ihe hcl Design Team shall include _the following expertise:
,

'

Technical Pro _1ect Maneaement

Bachelor's degree, r-

five years' experience in nuclear power plant design or operations, and--

three years' management experience,-

Systems Enaineerina

Bachelor's of Science degree, and |-

four years' cumulative experience in at least three of the following-

areas of systems engineering; disign, development, integration, ,

operation, and test and evaluation. ;

Nuclear Enaineerina
-

Bachelor's of Science oegree. - and-

four years' nuclear design, development, tvst or operations experience.-

,(.gatrol and Instrumentation Enaineerino
,

Bachelor's-of Science degree,-

four years' experience in design of process control systams, and-
.

expn tence in at least one of the following arent of C&I engineering;- ,

development, power plant operations, and test and evaluation.

Architect Enaineerina

Bachelor's of Science degree, and ,
-

four years' experience in design of power plant control roomst-

12
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lhtmjtn Factors
,

Bachelor's degree in human factors engineering, engineering psychology-

or related science,
,

four year-' cumulative experience related to the human factors aspects-

of human ssmputer interfaces. Qualifying ex)erience shall include
experience in at lease two of the following 1uman factors related
activities; design, development, and test and evaluation, and

four years' cumulative experience related to the human factors field of-

ergonomics. Again, qualifying experience shall include experience in at
least two of the following areas of human factors activities; design,
development, and test and evaluation.

Plant Operations

Have or have held a Senior Reactor Operator license, and-

two years' experience in relevant nuclear power plant operations,-

,

Computer Sv; tem Enoineerino

Bachelor's degree in Electrical Engineering or Computer Science, or ;
-

graduate degree in other engineering discipline (e.g., Hechanical
Engineering or Chemical Engineering), and
four years' experience in the design of digital computer systems and-

real time systems applications. .

Plant Procedure Development
~

Bachelor's degree, and-

four years' experience in developing nuclear power plant operating-

procedures.

Personnel Trainina

Bachelor's degree, ,-

four years' experience in the development of personnel training programs-

for power plants, and
experience in the application of systematic training development-

methods. ,

Systems Safety Enoineerina .

i

Bachelor's degree in Science,
|

-

certification by the Board of Certified Safety Professionals in Systemi -

Safety, and
four years' experience in System Safety Engineering.-

|
|
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Rel i abi l i t y/Av a i l a b i l i t y/!ia i nt ai D1bi l i t y / I n s p e c t a b i l i t y (RAMI) Enaineerina

Maintainability /Inspectability Enaine p ng

Bachelor's of Science degree.-

four years' cumulative experience in at least two of the following areas-

of power plant maintainability and inspectabi11ty engineering activity;
design, development, integration and test and evaluation, and
experience in analyzing and resolving plant system and/or equipment-

related maintenance problems.

Reliability / Availability Enaineering

Bachelor's degree,-

four years' cumulative experience in at least two of the following areas-

of power plant rcliability engineering activity; design, development,
integration, and test and evaluation, and
knowledge of computer-based, human-interface systems.-

7. The education and related professional exportence of the HS1 Design Team
personnel shall satisfy the minimum personal qualificatica requirements
specified in (6) above, for each of the areas of required skills. In
those skill areas where related professional experience is specified,
qualifying experience of the individual HfE design team personnel shall
include experience in the technologies and techniques, of the particular
skill area, utilized in the HSI design and implementation activities.
The required professional experience presented in those personal
qualification are to be satisfied by the HS1 Design Team as a
collective whole. Therefore, satisfaction of the professional
experience requirements associated with a particular skill area may be
realized through the combination of the arofessional experience of two
or more members of the HSI Design Team wao each, individually, satisfy
the other defined credentials of the particular skill area but who do
not possess all of the specified professional experience. Similarly, an
individual member of the HSI Design Team may possess all of the
credentials sufficient to satisfy the qualification requirements for
two or more of the defined skill areas.

B. Alternative personal credentials may be accepted as the basis for
satisfying the minimum petsonal qualification requirements specified in
6 above. Acceptance of such alternative personal credentials shall be
evaluated on a case-by-case basis and approved, documented and retained
in auditable plant construction files by the COL Applicant. The
following factors are examples of alternative credentials which are

,

'

considered acceptable:
,

A Professional Engineer's license in the required skill area may| *

|
be substituted for the required Bachelor's degree.

:

Successful completion of all technical portions of an e; incering,*

technology or related science baccalaureate program may a

14
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.

substituted for the Bachelor's degree. The successful completion
will be determined by a transcript or other certification by an
accredited iratitution. For example, completion of 80 semester
credit hours may be substituted for the baccalaureate requirement.
The courses shall be in appropriate technical subjects relevant to
the required skill areas of the HFE MMIS Design Team for which the
individual will be responsible.

Related experience may substitute for education at the rate of six*

semester credit hours for each year of experience up to a maximum
of 60 hours credit.

Where course work is related to job assignments, post secondary*

education may be substituted for experience at the rate of two
years of education for one year experience. Total credit for post
secondary education shall not exceed two years experience credit.

HFE Issw Trackino S_vilinj

1. The tracking system shall address human factors usues that are (1)
known to the industry (defined in the operating experience review see
Element 2) and (2) those identified throughout the life cycle of the
ABWR system design, development and evaluation.

2. The method shall document and track human fectors engineering issues and
concerns, from ident|fication until elimination or reduction to a level
acceptable to the Team.

3. Each issue / concern that meets or exceeds the threshold effecta
established by the Team shall be entered on the log when first
identified, and each action taken to eliminate or reduce the
issue / concern should be thoroughly documented. The final resolution of
the issue / concern, as accepted by the Team, shall be documented in
detail, along with information regarding Team acceptance (e.g., person
accepting,date,etc.).

4. The tracking procedures shall carefully spell out individual
responsibilities when an issue / concern is identified, identify who
should log it, who is responsible for tracking the resolution efforts,
who is responsible for acceptance W a resolution, and who should enter
closeout data.

HEE Program and Manacement Plan

1. An HFE Program Management plan shall be developed to describe how the
human facters program shall be accomplished, i.e., the plan shall
describe the HSI Design Team's organizat; in and compositioti and which
lays out the effort to be undertaken and provides a technical appec uh,
schedule, and management control structure and technical interfaces to
achieve the HFE program objectivcs. The plan is >.ne single doctment
which describes the designer's entire HFE program, identifies its

15
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elements, and explains how the elements will be managed. Generally, it
thall address:*

The scope of the HS1 Design Team's authority within the broader*

scope of the organization responsible for plant construction.
Included within this scope shall be the authority to suspend from
delivery, installation, or operation any equipment which is
determined by the Tuam to be deficient in regard to established
human factors design practices and evaluation criteria.

The process through which the Team will executs its*

responsibilities.

The processes through which findings of the Team are resolved and*
how equipment design changes that may be necessary for resolution
are incorporated into the actual equipment ultimately used in the
plant.

The members and qualification of the Team members.*

The precess through which the Team activities will be assigned to*

individual team members, the responsibilities of each team member
and the procedures that will govern the internal managernent of the
Tean.

The procedures and documentation requirements of the HFE Issues- *

Tracking System.

2. The HFE Program Hanagement Plan shall provide the following information:

1. Purpose and organization of the plan
2. Literature and current practices review
3. Overall HFE program goals and objectives
4. The relationship between the HFE program and the overall plant

design program (organization and schedule).
5. HSI Design Team

Organization within the HFE program*

Identify and describe the primary HFE organization or-

function within the organization of the total program,
including charts to show organizational and functional
relationships, reporting relationships ~, and linc.s of
communicetion.

,

Functions and internal structt're of the HFE Organization*

Describe the responsibility, authority and accountability of-

the HFE organization.
Identify the organizational unit responsible for each HFE-

task.

16

l
'

_ _



u !

*
i

Describe the process through which management decisions will-- ,
,.

be made regarding HfE. i
Describe the process through which design decisions will be i-

made regarding HFE.
Describe all tools and techniques (e.g., review forms,-

cocumentation) to be utilized by the Team to ensure they
fulfill their responsibilities.

|

Staffing*

Describe the staffing of the HS1 Design Team.-

Pro'dde job descriptions of personnel of the HS! Design-

Tcem.
Indicate the assignment of key sersonnel and provide-their

'

-

qualifications with regard to tie areas of expertise
indicated above.

6, HFE !ssue Tracking System.

Literature and current practices review*

Responsibilities
~

e

Responsibilities on Issue Identification-

Responsibilities for issue Logging--

Responsibilities for issue Resolution-

Re!.ponsibilities for issue Closecut-

Procedures*

Issue identification- ,

Description
Effects
Criticality and Likelihood

Issue' resolution-

Proposed Solutions
Implemented Solution-

Residual Effects
Resultant Criticality and Likelihood

Documentation*

Audit of the issue identification and tracking system*

7. HFE Requirements

Identify and describe the HFE requirements imposed on the design*

process
List the standards and specifications which are sources of HFE*

requirements

17
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,

8. HFE program-

Identify and describe the development of implementation plans, analyses, and
evaluation / verification of: ,

OperPting Experience Review "*
System functional Requirements Development*
Allocation of Function*

Task Analysis*
Interface Design

.

*

Plant and Emergency Operating Procedare Development*

HF Verification and Validation*

9. HFE program milestones
.

Identify HFE milestones, so that evaluations of the effectiveness*

;r the HFE effort can be made at critical check points and show
the rai?.tionship to the integrated plant sequance of events.

Provide a program schedule of HFE tasks showing:*

reldtionships between HFE elements and activities.-

reports-

reviews-

Identify integrated design activities applicable to the HFE*

program but specified in other areas.

10. HFE documentation

Identify and briefly describe each required HFE documented item.
'

*

Identify procedures for accessibility and retention.*

Describe the supporting documentation and its audit trail*

maintained for NRC audits.

11. HFE in subcontractor efforts

| Provide a copy of the HFE requirements proposed for inclusion in*

each subcontract.
Describe the manner in which the designer proposes to monitor the! * ,.

subcontractor's compliance with HFE requirements,

l

| .

|
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3.2 Element 2 - Doeratina Experience Review
.

DES!EN COMMITMEKh

The accident at Three Mile Island in 1979 and other reactor incidents have
illustrated significant problems in the actual design and the design i

philosophy of NPP HSis. There have been.many studies as a result of these- i

accidents / incidents. Utilities have. implemented both NRC mandated changas and
additions) improvements on their own initiative. However, the changes were
formed based on the constraints associated with backfits to existing CRs using
early 1980s technology which limited the scope of corrective actions that i

might have been considered, i.e., more effective fixes could be used in the. '

case of a designing a new CR with the modern technology typical of advanced
CRs. Problems and issues encountered in similar systems of previous designs.

!shall be identified and analyzed so that they are avoided in the. development
'

of the current system or, in the case of positive features, to ensure their
'

retention.
,

INSPECTION / TEST / ANALYSIS:

An Operating Experience Review Implementation Plan shall be developed. .*
,

An analysis of operating experience shall be conducted in accordance' *
with the plan and the . findings will be documented in an Analysis Results
Report. j

The analyses shall be reviewed by the HSI Design Team and shall be -*
'

documented in an Evaluation Report.
- >

DESIGA ACCEPTANCE CRITERIA:
,

apeneral Criterig

1. The following industry operating experience !vues : hall be reviewed: ,

See the list of. issues identified in the " Operating Experience- ,

Review Issues" attachment at the end of this document

3. The issues shall be reviewed and analyzed for:
,

Human performance issues, problems and sources of human. error*

shall be identified.
Design elements which support and enhance human performance shall.* <

ibe identified.

3. The follow.ag topics should be included in interviews as a minimum: .

r*: Display factors
Control factors*

Information processing. factors*

Connunication factors*
L

Procedures'
*'

_.
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Training factors*

Staffing and Job Design*

4. The review shall include both a review of literature pertaining the
human factors issues related to similar systems and operator interviews.

5. The following sources both industry wide and plant or subsystem relevant
should be included in review of the identified issues:

Government and Industry Studies of Similar Systems*

Licensee Event Reports*

Outage Analysis Reports*
Final Safety Analysis Reports and Safety Evaluation Reports*

Human Engineering Deficiencies identified in DCRDRs*

Modifications of the Technical Specifications for Operation*
Internal Memoranda / Reports as Available*

6. Each operating experience issue shall be documented in the HFE Tracking
System.

7. The program shall be developed using the following documents as guidance
and issue definition:

NUREG-0737: Clarification of THI action plan requirements (Suppiement 1,
Itec I.C.5 " Feedback of Operating Experience to Plant Staff"), 1983, (U.S.
Nuclear Regulatory Commission).

- NUREG-0933: A prioritization of generic safety issues (Main Report and
Supplements 1-12), 1991, (U.S. Nuclear Regulatory Commission).

Draft NUREG-1449: Shutdown and low-power operation at commercial nuclear power
plants in the United States, 1992, (U.S. Nuclear Regulatory Commission).

EGG-HFRU-9446: The onsite analysis of the human factors of operating events,
1991, (U.S. Nuclear Regulatory Commission - Heyer).

Imolementation Plan

The plan shall describe the designer's approach to Operating Experience
Review. The plan shall address the following:

.

Documentation review and analysis*

User survey methodology (for conducting interviews) and analysis*

plans
Method of documenting lessons learned*

Integration of lessons learned into the design process*

Analysis Results Report

The report shall address the following:

20
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!.

Objectives :*
Description of the Methods*
Identification of any deviations from the implementation plan*

Results and Discussion !*
'

Conclusions*
Recommendations / Implications for HSl Design*

H5I Desion Team Evaluation Report

The report shall address the following:

The review methodology and procedures*

Compliance with Implementation Plan Procedures*

Review findings*

.

|

l-

I
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3.3 Element 3 - SLm Functional Recuirements Analysis

DESIGN COMMITMENT:

System requirements shall be analyzed to identify those functions which must
be performed to satisfy the objectives of each functional area. System
function analysis shall: (1) determine the objective, performance
requirements, and constraints of the design; and (2) establish the functions
which must be accomplished to meet the objectives and required performance.

INSPECTION / TEST / ANALYSIS:

A System functional Requirements Analysis implementation Plan shall be*

developed.

An analysis of System Functional Requirements shall be conducted in*

accordance with the plan and the findings will be documented in an
Analysis Results Report. <

The analyses shall be reviewed by the HS1 Design Team and shall be=

documented in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:

Eeneral Criteria.

1. System requirements shall determine system functions and the function
shall determine the performance necessary to carry out the function.

2. Critical functions shall be defined (i.e., those functions required to
achieve major system performance requirements; or those functions which,
if failed, could degrade system or equipment performance or pose a
safety hazard to plant personnel or to the general public),

3. Safety functions shall be identified and any functional
interrelationship with non-safety systems shall be identified.

4. Functions shall be defined as the most general, yet differentiable means
whereby the system requirements are met, discharged, or satisfied
Functions shall be arranged in a logical sequence so that any specified
operational usage of the system can be traced in an end-to-end path.

5. Functions shall be described initially in graphic form. Function
diagramming shall be done at several levels, starting at a ' top level"-

where a very gross picture of major functions is described, and
continuing to decompose major functions to several lower levels until a
specific critical end-item requirement will emerge, e.g., a piece of
equipment, software, or an operator.

6. Detailed narrative descriptions shall be developed for each of the
identified functions and for the overall system configuration design
itself. Each function shall be identified and described in terms of

22
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inputs (observable parameters which will indicate system status),
functional processing (control process and performance measures required
to achieve the function), outputs, feedback (how to determine correct
discharge of function), and interface requirements from the top down so
that subfunctions are recognized as part of larger function:1 areas.

7. Functional operations or activities shall include:

detecting signals*

* mew * ring information
comparing one measurement with another*

processing information*
acting upon decisions to produce a desired condition or result on*
the system or environment (e.g., system and component operation,
actuation, and trips)

8. The function analysis shall be kept current over the life cycle of
design development.

9. Verification

All the functions necessary for the achievement of operational and*

safety goals are identified.
All requirements of each function are identified.*

10. The effort shall be performed using the following documents as guidance:

lEC 964: Design for control rooins of nuclear power plants ,1989, (Bureau
Central de la Commission Electrotrotechnique Internationale).

HIL-H-46855B: Human engineering requirements for military systems, equipment
and facilities, 1979, (Department of Defense).

AD/A223 168: Systems engineering management guide, 1990, (Department of
Defense - Defense Systems Management College - Kockler, F.et al.).

.

Implementation Plan

The plan shall describe the designer's approach to System functional
Requirements Analysis.
The System Functional Requirements Analysis Implementation Plan shall address:

Literature and current practices review*

Describe the techt.ical basis for the plan.-

List required system level functions*

Based on System Performance Requirements.-

Graphic function descriptions*

23
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.

e.g., functional Flow Block Diagrams and Time Line Diagrams- -

Detailed function narrative descriptions addressing:*

Observable parameters which will indicate system status-

Control process and measure / data required to achieve the-

function
How to determine proper discharge of function-

Analysis*

Define an integration of subfunctions that are closely-

related so that they can be treated as a unit
Divide identified subfunctions into two groups-

Common achievement is an essential condition for the-

accomplishment of a higher level function
Alternative supporting functions to a higher level function-

or whose accomplishment is not necessarily a requisite for
higher level function
Identify for each integrated subfunction:-

* Ltgical requirements fo- accomplishment (Why
accomplishment is required)

* Control actions necessary for accomplishment
* Parameters necessary for control action
' Criteria for evaluating the result of control actions
* Parameters necessary for the evaluation
* Evaluation criteria
* Criteria for choosing alternatives

Identify-characteristic measurement and define for each-

measurement important factors such as Load,-Accuracy, Time
factors, Complexity of action logic, Types and complexities
of decision making, impacts resulting from the loss of
function and associated time factors.

Verification*

Describe system function verification methodology.-

.

Analysis Results Report

The report shall address the following:

e' Objectives
Description of the Methods*

Identification of any deviations from the implementation plan-*

Results and Discussion*

Conclusions*

Recommendations / Implications for HSI Design*

24
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.

R$J Desian Team Evaluation Report
,

The report shall address the following:

The review methodology and procedures*

Compliance with implementation Plan Procedures*
Review findings*

,

t
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3.4 Element 4 - Allocation of Function-

DESIGN COMMITMENT:

The allocation of functions shall take t.dvantage of human strengths and avoids
allocating functions which.would be impacted by human limitations. To assure
that the allocation of function is conducted according to accepted HFE
principles, a structured Md well-documented methodology of allocating
functions to personnel, system elements, and personnel-system combinations
shall be developed.

INSPECTION / TEST /AMALYSIS:

An Allocation of Function Implementation Plan shall be develcped.*

' analysis of Allocation of Function shall be conducted in accordance*

with the plan and the findings will be documented in ar, Analysis Results
Report.

The analyses shall be reviewed by the HSI hsign Team and shall be*

documented in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:

General Criteria

1. All aspects of system and functions definition must be analyzed in terms
of resulting human performance requirements based on the expected user
population.

2. The allocation of functions to personnel, syrotem elements, and
personnel-system combinations shall be made to reflect (I) sensitivity,
precision, time, and safety requirements, (2) required reliability of
system performance, and (3) the number and level of skills of personnel
required to operate and maintain the system.

3. The allocation criteria, rational, analyses, and procedures shall be
documented.

4. At alternative allocation concepts are developed, antlyses and trade-off
studies shall be cc.nducted to determine adequate configurattons of

.

personnel- and system- performed functions. Analyses shall confirm that
the personnel elements can properly perform tasks allocated to them
while maintaining operator situation awareness, workload, and vigilance.
Preposed function assignment shall take the maximum' advantage of the
capabilities of human and machine without imposing unfavorable
requirements on either,

5. Functions shall be re-allocated in an iterative manner, in response to
developing design specifics and the outccmes of on-going analyses and
trade studies.
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-6. Function assignms 'shall be evaluated. =

. 7. . ;The effort shall= be performed using the fo11owing ' documents: as guidance:--

'NUREG|CR-2623: The allocation of functions in aan-nachine systems: A-
- perspective' and- literature review,;1982, (U.S. Nuciear Reguintory..
Comission - Price, H. . - et : al . ) .

NUREG|CR-3331: A methodology for allocation nuclear' power plant control;
functions to human and automated control, 1983, (U.S. Nuciear:Reguintory
Comission -- Pulliam, R. , et al . ) .

IEC 964:- Design for control rooms of nuclear power plants ,1989,-- (Bureau.
Central de la' Commission Electrotretechnique Internationale).

AD/A?23 168: Systems-engineering management guide,-1990,.(Department of
Defense Systems Management Co11ege - Kockler, F.et al.).Defense -

Implementation Plan

The plan shall describe the designer's Lapproach to Allocation of Function.-
The Allocation of Function Implementation Plan shal1 address:

Establishment of a structured basis for function aliocation*

Alternative systems analyses*

Specification of criteria.for seiection-
,

o Trade studies .

>

Define objectives and requirements-

Identify alternatives-

Formulate selection criteria-

Weight: criteria.--

.

Prepare. utility functions
Evaluate alternatives~

-

PerformLSensitivity Check--

; Select Preferred Alternatives-

Evaluation of function- assignment* .

The plan shall describe the tests and a'nalyses that will:be-

performed to evaluate the function allocation-

Analysis Results Report

The: report-shall address the following:

Objectives*

D Description of the Methods*

Identification of any deviations from the implementation plan-*|-

| 27
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Results and Discussion-*

Conclusions*.

Recommendations / Implications for HSI Design*

RSI Desian Team Evaluation Report

The report shall address the following:

* The review methodology and procedures
* Compliance with implementation Plan Procedures
* Review findings

1

4

i

|
|
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3.5 - Egmont 5 - Task Analysis

DESIGN COMMITMENT:

Task analysis shall identify the behavioral requirements of the tasks the
personnel subsystem is required to perform in order to achieve the functions ;

allocated to them. A task shall be a group of activities that have a common
purpose, often occurring in temporal proximity, and which utilize the same
displays and controls. The tok analysis shall:

provide one of the bases for making design decisions; e.g.,*

determining before hardware fabrication, to the extent
practicable, whether system performance requirements can be met by
combinations of anticipated equipment, software, and personnel,

.

'

assure that human performance requirements do not exceed human*

capabilities,
be used as basic information for developing manning, skill,*

training, and communication requirements of the system, and
,

form the basis for specifying the requirements for the displays,*

data processing and controls needed to carry out tasks.

INSPECTION / TEST / ANALYSIS:

A Task Analysis Implementation Plan shall be developed.*

An analysis of tasks shall be conducted in accordance with the plan and*

the findings will be documented in an Analysis Results Report.

The analyses shall be reviewed by the HSI Design Team and shall be*

documented in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:

| General Criteria

1. The scope af the task analysis shall include all operations,
maintenance, test and inspection tasks. The analyses shall be directed

,

' to the full range of plant operating modes, including start-up, normal
operations, abnormal operations, transient conditions, low power and
shutdown conditions. The analyses shall include tasks performed in the
control room as well as outside of the control room.

2. The analysis shall link the identified and described tasks in
operational sequence diagrams. A review of the descriptions and
operational sequence diagrams shall identify which tasks can be

| considered " critical" in terms of importance for function achievement,
| potential for human error, and impact of task failure. Human actions

which are found to affect plant risk in PRA sensitivity analyses shall
also be considered " critical." Where critical functions are automated,

the analyses shall consider all human tasks including monitoring of an
automated safety system and back-up actions if it fails.

29
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3. Task analysis shall begin on a gross level and involve.the development-
~

:of detailed narrative-descriptions of what personnel must do. : Task"
'

analyses shall define the nature of the input, process.-and-outnut:
- t

required by-and of_ personnel. Detailed task- descriptions shall address
'(as appropriate):-

.

Information Requirements*

InformatOn required, including cues _ for. task initiation-
'

Information available--

Decision-Making Requirements*

Description of the-decisions-to be made (relative, absolute,-
'

probabilistic)
Evaluations- to be performed--

Decisions .that'are probable based on the evaluation-

(opportunities for cognitive' errors', such a's capture error,-
will be identified and carefully analyzed)'

Response Requirements -
*

'

Action to~be taken-

g Overlap of task requirements (serial vs. parallel task
L

-

elements)_'

Frequency-

' Speed / Time-line requirements-

Tolerance / accuracy-

Operational limits of personnel performance--

Operational limits of machine and software:-

Body movements required by action taken-- .

Feedback-Requirements*

Feedback required to indicate adequacy of actions.taken-

Workload*

Cognitive-

- Physical
Estimation of difficulty level-

.

Task Support Requirements
|E

*

Special/ protective- clothing-

Job aids- or reference materials required-

-Tools and equipment required-
-

Computer processing. support aidsi -

Workplace Factors*

Workspace envelope required by action-taken-

30
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Workspace conditions--

' Location and condition of the work-
-

Environment-

Staffing and Communication Requirements*

number of personnel, their technical specialty, and specific-

skills
Communications required, including type--

Personnel interaction when more than one person is involved--

Hazard Identification*

Identification of Hazards involved-

4. The task analysis shall be iterative and become progressively more
detailed over the design cycle. The task analysis shall be detailed
enough to identify information and control requirements to enable
specification of detailed requirements for alarms, displays, data
processing, and controls for human task accomplishment.

5. The task analysis results shall provide input to the personnel training
programs.

6. The effort shall be performed using the following documents as guidance:

NUREG|CR-3371: Task analysis of nuclear power plant control room crews,
1983, (U.S. Nuclear Regulatory Commission - Burgy, D. et al.).

IEC 964: Design for control rooms of nuclear power plants ,1989, (Bureau
Central de la Commission Electrotrotechnique Internationale),

DI-H-7055: Critical task analysis report, 1979, (Department of Defense).

MIL-STD-1478: Task performance analysis,1991, (Department of Defense).

Implementation Plan

The plan shall describe the designer's approach to task analysis, The Task
Analysis Implementation Plan shall address:

"

General methods and datt sources*

Gross task analysis*

Convert Functions to Tasks-

Develop Narrative Task Descriptions-

General statement of task functions-

Detailed task descriptions-

Breakdown of tasks to individual activities-

Develop Operational Sequence Diagrams-

Critical task analysis*
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Identification of Critical Tasks-

Detailed Task Descriptions-

Information and control requirements*

Initial alarm, display, processing, and control requirements*

analysis

Develop a task-based I&C inventory-

Application of task analysis results to training development*

Evaluation of task analysis*

The plan shall describe the methods that will be used to-

evaluate the results of the task analysis.

Analysis Results ReDort

The report shall address the following:

Objectives*

Description of ti.3 Methods*

Identification of any deviations from the implementation plan*

Results and Discussion*

Conclusions*

Recommendations / Implications for HSI Design*

HSI Desian Team Evaluation Report

The report shall address the following:

The review methodology and procedures*

Compliance with Implementation Plan Procedures*

Review findings*

.

-

k
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3.6 Element 6 - Human-System Interface Desian
.

DESIGN COMMITMENT:

Human engineering principles and criteria shall be applied along with all
other design requirements to identify, select, and design the particular
equipment to be operated / maintained / controlled by plant personnel.

INSPECTION / TEST / ANALYSIS:

A Human-System Interface Design. Implementation Plan .shall be developed.*

An analysis of Human-System Interface Design shall be conducted in*

accordance with the plan and the-findings will be documented in an
Analysis Results Report.

The analyses shall be reviewed by the HSi Design Team and shall be*

documented in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:

General Criteria
.

The design configuration shall satisfy the functional and technicalI.

design requirements and insure that the HSI will meet the appropriate
HFE guidance and criteria.

2. The HFE effort shall be applied to HSI both inside and outside of the
control room (local HSI).

3. HSI design shall utilize the results of the task analysis and the I&C
inventory to assure the adequacy of the HSI.

4. The HSI and working environment shall be adequate for the human
performance requirements it supports. The HSI shall be capable of
supporting critical operations under the worst credible environmental
conditions.

5. The HSI shall be free of elements which are not required for the
accomplishment of any task.

| 6. The selection and design of HS! hardware and software approaches shall-

be based upon demonstrated criteria that support the achievement ofl

| human task performance requirements. Criteria can be based upon test
results, demonstrated experience, and trade studies of identified:

options.
|

|

7. HFE standards shall be employed in HSI selection and design. Human
engineering guidance regarding the design particulars shall be developed
by the HSI designer to (1) insure that the human-system interfaces are
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designed to currently accepted HFE guidelines and (2) insure proper
consideratica of human capabilities and limitations in the developing
system. This guidance shall be derived from sources such as expert
judgement, design guidelines and standards, and quantitative (e.g.,
anthropometric) and qualitative (e.g., relative effectiveness of
differing types of displays for different cor.ditions) data. Procedures
shall be employed to ensure HSI adherence with standards.

8. HFE/HSI problems shall be resolved using studies, experiments, and
laboratcry tests, e.g.

Mockups and models may be used to resolve access, workspace and*

related HFE problems and incorporating these solutions into system
design
Dynamic simulation and ESI prototypes shall be evaluated for use*

to evaluate design details of equipment requiring critical human
performance
The rationale for selection of design / evaluation tools shall be*

documented

9. Human factors engineering shall be applied to the design of equipment
and software for maintainability, testing and inspection.

10. HSI design elements shall be evaluated to assure their acceptability for
task performante and HFE, criteria, standards, and guidelines.

11. The effort shall be performed using the following documents as guidance:

NUREG-0696: Functional criteria for emergency response facilities, 1980,
(U.S. Nuclear Regulatory Commission).

NUREG-0700: Guidelines for control room design reviews, 1981, (U.S. Nuclear
Regulatory Commission).

NUREG-0800: Standard review plan (Rev 1),1984, (U.S. Nuclear Regulatory
Commission).

-

.

NUREG|CR-5908: Advanced human-system interface design review guideline, 1992,
(U.S. Nuclear Regulatory Commission - 0'Hara, et al .).

EPRI NP-4350: Human engineering design guidelines for maintainability, 1985,
(Electric Power Research Institute - Pack R., et al.).
EPRI NP-3659: Human factors guide for nuclear power plant control room
development, 1984, (Electric Power Research Institute - Kinkade, R.G., and
Anderson,J.).

EPRI NP-3701: Computer-generated display system guidelines (Vols 1&2),1984,
(Electric Power Research Institute - Frey, R. et al.).

IEC 964: Design for control rooms of nuclear power plants ,1989, (Bureau
Central de la Commission Electrotrotechnique Internationale).

34
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ANSI HFS-100: American national standard for human factors engineering of
visual display terminal workstations,1988, (American National Standards
Institute).
Human-computer interface style guide (Version 1),1992, (Department of Defense
- Defense Information Systems Agency).

MIL-HDBK-759A: . Human factors engineering design for army materfel, 1981,
(Department of Defense).

MIL-STD-14720: Human engineering design criteria for military systems,
equipment and facilities, 1989, (Department of Defense).

DoD-HDBK-761A: Human engineering guidelines for management information
systems, 1990, (Department of Defense).

ESD-TR-86-278: Guidelines for designing user interface software, 1986,
(Department of Defense).

Implementation Plan

The plan shall describe the designer's approach to Human-System Interface
Design. The Human-System Interface Design Implementation Plan shall address:

I&C requirements analysis and design*

Compare Task Requirements to I&C Availability-

Modifications to I&C Inventory-

General HSI approach selection*

Trade Studies-

- Analyses

The criteria to be used to meet General Criterion (selection and*

design of HSI hardware and software approsches), described above
HFE design guidance development and documentation*

HSI detailed design and evaluations*

Use of design / evaluation tools such as prototypes shall be-
.

specifically identified and rationale for selection

Analysis Results red 0Tt

The report shall address tha following:

Objectives*

Description of the Methods*

Identification of any deviations from the implementation plan*

Results and Discussion*

Conclusions*
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Recommendations / Implications for HSI. Design i*
4

- 115I Desian T1am Evaluation ftsport

The report shall address the following:

The review methodology and procedures*

Compliance wtin Implementation Plan Procedurcs
~

*

Review findings*

.
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3.7 Element 7 - Plant and Emeraency Doeratina Procedure Development
,

DESIGN COMMITMENT:

Plant and Emergency Operating Procedures shall be developed to support and
guide human interaction with plant systems and to control plant-related
events and activities. Human engineering principles and criteria shall be
applied alcng with all other design requirements to develop procedures that
are technically accurate, comprehensive, explicit, easy to utilize, and
vali'ated. The types of procedures covered in the element are:

plant & system operations (including start-up, power, and shutdown*

operations)
abnormal & emergency operations*

preopera:ional, start-up, and surveillance tests*

alarm re ps se*

INSPECTION / TEST / ANALYSIS:

A Plant and Emergency Operating Precedure Development Implementation*

Plan shall be developed.

The procedures shall be developed in accordance with the plan and the*

results will be documented in a Procedure Development Report.

The procedure development shall be reviewed by the Hsl Design Team and*

shall be documented in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:

General Criteria

1. The task analysis shall be used to specify the procedures for operations
(normal, abnormal, and emergency), test, maintenance and inspection.

2. The basis for procedure development shall include:

Plant design bases*

system-based technical requirements and specifications'a

the task analyses for operations (normal, abnormal, and amergency)*

significant human actions identified in the HRA/PRA*

initiating events to be considered in the E0Ps shall include those*

events present in the design bases.

3. A Writer's Guide shall be developed to establish the process for
developing technical procedures that are complete, accurate, consistent,
and easy to understand and follow. The Guide shall contain sufficiently_
objective criteria so that procedures developed in accordance with the
Guide shall be consistent in organization, style, and content. The
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Guide shall- be used for all procedures within the scope of this riement.
The Writer's Guide shall provide instructions for procedure content and
forrnt (including-the writing of action steps and the specification of
acceptable acronym lists and acceptable terms to be used).

4. The content of the procedures shall incorporate the following elements:

* Title
Statement of Applicability*

References*

Prerequisites*

Precautions (including warnings, cautions, and notes)*

Limitations and Actions*

Required Human Actions*

Acceptance Criteria*

Checkoff Lists*

5. All procedures shall be verified and validated. A review shall be
conducted to assure procedures are correct and can be performed. Final
validation of operating procedures shall be performed in a simulation of
the integrated system as part of V&V activities described in Element 8.

6. An analysis shall oe conducted to determine the impact of providing
computer-based procedures and to specify where such an approach would
improve procedure utilization _and reduce operating crew errors related
to procedure use.

7. The effort shall be performed using the following documents _ as guidance:

NUREG-0899: Guidelines for the preparation of emergency operating procedures,
1982, (U.S. Nuclear Regulatory Commission).

NUREG-1358: Lessons learned from the special inspection program for emergency
operating procedures,1989, (U.S. Nuclear Regulatory Commission).

NUREG|CR-5228: Techniques for preparing flowchart format emergency operating
procedures (Vols.1&2),1989, (U.S. Nuclear Regulatory Commission - Barnes,
V. et al .) .

NRC Regulatory Guide 1.33 (Rev. 2): Quality assurance prog' ram requirements ,
1978, (U.S. Nuclear Regulatory Commission).

ANSI-N18. 7-1976: Administrative controls and quality assurance for the
operational phase of nuclear power plants, 1976, (American Nationa,1
Standards Institute).

Implementation Plan

The Plant and Emergency Operating Procedure Development Implementation Plan
shall address:
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Identificationiof source data /information to be use'diasia' basis'* >

for procedure development-.

*. - Methodology for1the evaluation of- procedures:(plan shall- describe ;
tests and analyses that will be used to_ evaluate procedures)_

+- - Requirements;for the effective development 1and'use:of a-Procedural
Writer's ' tiuide

* - Procedures for training program - procedure integration
Verification-and: validation procedures*

:

* ~ Procedure development documentation requirerants

Procedure DeveloDmerit R9Dort
-:

The report shall address the following: 1
|

Objectives*
,

* . Description of the Methods Used -

_

!

Identification of any deviations from the. implementation. plan*

Results, including a list of procedures developed, and a l*

discussion of the resulting procedures including sample procedures'
* Conclusions

Recommendations / Implications for HSI Design*

|

HSJ Desian Team Evaluation Report :

'

The report shall address the following:'

The review methodology and procedures*

* - Compliance with Implementation Plan Procedures
Review findings*

|
<

,

I

.
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3.8 Elemcnt 8 - Human Factors Verification and Validation
b

DESIGN COMMITMENT:

The successful incorporation of human factors engineering into the final HSI
design and- the acceptability of the resulting HSI shall _ be thoroughly
evaluated as an integrated system using HFE evaluation procedures, guidelines,-
standards, and principles.

INSPECTION /TESi/ ANALYSIS:

A Human Factors Verification and Validation Implementation Plan shall*

be developed.

An analysis of Human Factors Verification and Validation shall be*

conducted in accordance with the plan and the findings will be
documented in an Analysis Results Report.

The analyses shall be reviewed by the HSI Design Team and shall be*
*

documented in an Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:

General Criteria

1. The evaluation shall verify that the performance of the HSI, when all
elements are fully integrated into a system, meets (1) all HFE design
goals as established in the program plan; and (2) all system functional
requirements and support human operations, maintenance, test, and
inspection task accomplishment.

2. The evaluation shall address:

Human-Hardware interfaces*

Human-software interfaces*

Procedures*

Works'tation and console configurations*

Control room design*

Remote shutdown system*

Design of the overall work environment*

3. Individual HSI elements shall be evaluated in a static and/or "part-
task" mode to assure that all controls, displays, and data processing
that are required are available and that they are designed according to
accepted HFE guidelines, standards, and principles.

4. The integration of HSI elements with each other and with personnel shall
be evaluated and validated through dynamic task performance evaluation
using evaluation tools which are appropriate to the accomplishment of
this objective. A fully functional HSI prototype and plant simulator-
shall be used as part of these evaluations. If an alternative to a HSI
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prototype is proposed its-acceptability shall be documented in the
implementation plan. The-evaluations-shall have as their objectives:

,

Adequacy of entire HSI configuration for achievement of safety*

goals
Confirm allocation of function and-the structure of tasks a: signed*

to-personnel
Adequacy of staffing and the HSI to support staff to accomplish*

their tasks.
Adequacy of Procedures*

-Confirm the adequacy of the dynamic aspects of all interfaces for-*

task accomplishment
Evaluation and demonstration of error tolerance tc human and*

system failures

5. Dynamic evaluations shall evaluate HSI under a range of operational
conditions and upsets, and shall include:

Normal plant evolutions (e.g., start-up, full power, and shutdown*

operations)
Instrument Failures (e.g., Safety System Logic & Control.*

(SSLC) Uni , Fault Tolerant Controller (NSSS), Local " Field Unit"
forMUXsy} stem,MUXController(B0P),BreakinMUXline)
HSI equipment and processing failure (e.g.,-loss of-VDUs, loss of*

data processing, loss of large overview display)
Transients (e.g., Turbine Trip, Loss of Offsite Power, Station*

Blackout, Loss of all FW, Loss of Service Water, Loss of power to
selected buses /CR power supplies, and SRV transients)
Accidents (e.g., Main steam line break, Positive Reactivity*

Addition, Control Rod Insertion at power, Control Rod Ejection,
ATWS, and various-sized LOCAs)

6. Performance measures for dynamic evaluations shall be adecuatt to test
the achievement off all objectives, design goals, and performance
requirements and shall include at a minimum:

System performance measures relevant to safety*

Crew Primary Task Performance (e.g., task times, procedure6

violations)
Crew Errors*

Situation Awareness*-

Workload -*

Crew communications and coordination*

Anthropometry evaluations*

Physical positioning and interactionse
,

7. A verification shall be made that all issues documented in the Human
Factors Issue Tracking System have_been addressed.

8. A verification shall be made that all critical human actions as defined
by the task analysis and PRA/HRA have be adequately supported in the
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' design. -The design of tests?and evaluations to be: performed as part'ofz
HFE V&V. activities _ shall:specifically examineithese actions.*

9. The-effort shall be performed using the following documents.as guidance:--

- NUREG-0700: Guidelines for-control room design' reviews,--1981,-(U.S. Nuciear[
Regulatory Commission).

NUREC-C800: Standard review plan (Rev 1),--1984, (U.S. Nuclear Regulatory
Commission).

NUREG|CR-5908:-Advanced' human-system interface design review guideline-
(Draft),1992, (U.S. Nuclear Regulatory Commission - O'Hara, et al.).
^

EPRI NP-3701: Computer-generated display system guidelines (Vols 182), 1984,;
(Electric Power Research institute - Frey, R. et- al.).

'

IEEE Std 845-1988: IEEE guide to evaluation of man-machine' performance in
nuclear power generating station control rooms and other peripheries, 1988,

(IEEE).3
,

IEC 964: Design for control rooms of nuclear power plants ,1989, (Bureau.

Central de la Commission Electrotrotechnique Internationale).

AR 602-1: Human factors engineering program, 1983, (Departnmnt of Defense)...

TOP l-2-610: Test operating procedure - Parts .1 & 2,1990, (Department of-
Defense).

'

.

D0DI 5000.2: Defense acquisition management policies and procedures,1991,
(Department of Defense).

Implementation Plan

The plan shall describe the designer's approa:h.,to Human Factors' Verification
and Validation. The Human Factors Verification and Validation
Implementation Plan shall address:

HSI element. evaluation*

Control, Data Processing, Display audit-

Comparison of HSI' element. design to HFE-guidelines,-
-

standards, and . principles

Dynamic performance evaluation of fully integrated HSI*

General Objectives-

Test methodology and procedures--

Test-participants _(cperators to-participate in the test--
-

program)
Test Conditions-

'HSI description-

Performance measures-
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Dat3 analysis-

Criteria for evaluation of results*
-

Utilization of evaluatior.s-

Documentation requirements*

Test & Evaluatier. Plans and Procedures-

Test Reports-

l-
Analysis Results Report

The report shall address the following:

Objectives*

Description of the MethodsJ *

[ Identification of any deviations from the implementation plan*

Results and Discussion*

Conclusionsa

Recommendations / Implications for HSI Design*

HSI Desian Team Evaluation Report

The report shall address the following:

The review methodology and procedures*

Compliance with Implementation Plan Procedures*

Review findings*

_

]

43

|

(2

- - _ _ _ _ _ - _ - - _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ - _ _



_ - _ _ _ _ _ _ - _ _ _ .

.

REFERENCES.
,

,

ANSI (1976). Administrative controls &nd quality Pr:arance for the operational
phase of nuclear power plants (ANSI-N18. 1-1976). American Nationai
Standards Institute.

ANSI (1988). American national standani for human factors engineering of
visual display terminal workstations (ANSI HFS-100), American National
Standards Institute.

Bai1ey, R.W. (1982). Human performtace engineering: A guide for system
designers. Englewood Cliffs, C , Prentice-Hall, Inc.

Barnes, V. et a1. (1989). Tethniques for preparing flowchart format energency
operating procedures, Vols.1 & 2 (NUREG/CR-5228). U.S. Nuciear Reguiatory
Commission: Washington, D.C.

Booher, H.R. (Ed.) (l990). HANPRINT: An approach ta systens integratfon.
New York: Van Nostrand Reinhold.

Burgy, D. et si. (l983). Task analysis of nuclear power p1 ant control room
crews, Vols 1 & 2 (NUREG|CR-3371). U.S. Nuciear Regu3atory Commission:
Washington, D.C

DeGreene, K.B. (1970). Systems psychology. New York: McGraw-Hill Book
Company.

Department of Defense (1979a). Human engineering requirements for military
systems, equipment and facilities (Hil-H-46855B). Washington, D.C.: Office
of Management and Budget.

. Department of Defense (19796). Critical task analysis report (DI-H-7055).
Washington, D.C.: Office of Management and Budget.

Department of Defense (1981). Human factors engineering design for army
material (HIL-HDBK-759A (MI). Washington, D.C.: Department of the Army

Department of Defense (1983). Human factors engineering program (AR 602-1).
Washington, D.C.: Department of the Army.

Department of Defense (1985). Technical reviews and audits for systems,
equipments, and computer software (HIL-STD-1521B). Mashtngton, D.C.:
Department of the Air Force.

Department of Defense (1986). System safety program plan (DI-SAFT-80100).
Washington, D.C.: Office of Management and Budget.

Department of Defense (1989a). Human engineering program plan
(DI-HFAC-80740). Washington, D.C.: Office of Management and Budget.

44

|

- _ _ - _ _ - - _ _ _ - _ _ _ - _ _ - _ _ - _ - - _ _ _ _ _ _ _ _ _ _ _ __



.

Department of Defense (19896). Human engineering design criteria for military.
systems, equipaent and facilities (MIL-STD-14720). Washington, D.C.: Office'

of Management and Budget.

Department of Defense (1989c). Manufacturer's MANPRINT management plan
(OT-11g20) . Washington,.0.C.: OfHee cf Management and Budget.

Deprtment of Defense (1990a), Manpower and personnel integration (MANPRINT)
in the material acquisition process (AR 602-2). Washington, D.C.: Departmeni;
of the Army.

Department of Defense (1990b). System engineering management plan
(DI-#GNT-81024). Washington, D.C.: Office of Management and Budget.

Department of Defense (1990c). Test operating procedure - Parts 1 & 2 (TOP 1-
2-610). Washington, D.C.: Office of Management and Budget.

Department of Defense (1990d). Human engineering guidelines for management
information systems (DoD-HDBK-761A). Washington, D.C.: Office of Management
and Budget.

Department of Defense (1991a). Defense acquisition (D0DD 5000,1).
Washington, D.C.: Office of Management and Budget.

Department of Defense (1991b). Defense acquisition management policios and
procedures (D0DI 5000.2). Washington, D.C.: Office of Management and Budget.'

Department of Defense (1991c). Human engineering procedures guide
(D00-#DBK-763). Washington, D.C.: Office of Management and Budget.

Department of Defense (1991d). Task performance analysis (MIL-STD-1478).
Washington, D.C.: Office of Management and Budget.

Department of Defense (1992). Human ~ computer interface style guide (Version
1). Washington, D.C.: Office of, Management and Budget.

Frey, R. et a1. (1954).: Computer-generated display system guidelines (Vols 1
& 2) ( EPRI NP-3701). Electric Power Research Institute.

Gagne, R. M., and Meiton, A. W. (Eds.), Psychological principles in system
development New York: Hoit, Rinehart and Winston..

Hennessy, R.T. (1990). Practical human performance testing and eva1uation.
In Booher, H.R. (Ed.) NANPRINT: An approach to systems integration. New

.

York: Van Nostrand Reinhold.

International Electrotechnical Commission (1989).- International standard:
Design for control tuoms of nuclear power plants (IEC 964). Geneva,
Switzerland: Bureau Central de la Commission Electrotechnique Internationale.

45



.

IEEE (1988). IEEE guide to the app?ication of human factors engineering to
systems, equipment, and facilities of nuclear power generating stations, Std
1023-1988.

IEEE (1988).1EEE guide to evaluation of man-machine performance in nuclear
power generating station control rocras and other peripheries, Std 845-1388.

Kinkade, R.G., and Anderson, J. (1984). Human factors guide for nuclear power
plant-control room developaknt (EPRI NP-3659). Electric Power Research
Institute.

Kockler, F., Withers, T. , Podiack, J., and Gierman, M (1990). Systems
engineering management guide (Department of Defense AD/A223 168). Fort
Belvoir, VA: Defense Systems Management College.

Heyer, O. (1991). The onsite analysis of the human factors of operating events
(EGG-NTRU-g446), U.S. Nuclear Regulatory Commission..

K111er, R. B. (1953). A method for man-machine task analysis (Technical
Report 53-137, June (AD.15921). Wright-Patterson AFB, Ohio: Wright Air
Development Center.

O'Hara , J., and Higgins, J. (1992a). Preliminary review of the ABVR Design
Implementation Process Plan (BNL Technical Report L2314-1-2/p2P). Upton, New
York: Brookhaven National Laboratory.

O'Hara , J., and Higgins, J. (1992b). Preliminary review of GE's responses to
the ABWR Draft Safety Analysis Report human factors issues (BNL Technical
Report L2314-2-2/92P). Upton, New York: Brookhaven National Laboratory.

O'Hara, J. et a1. (1992). Advanced human-system interface design review
. guideline (Draft NUREG/CR-5908). U.S. Nuclear Reguiatory Commission:
I Washington, D.C.

Pack R., et a1. (1985). Human' engineering design guidelines for
maintainability .(EPRI NP-4350). E1ectric Power Research Institute.

Price, H., et a1. (l982). The allocation of functions in mar machine systems:
A perspective and literature review (NUREG|CR-2623). U.S. nac3 ear Regulatory

| Commission: Washington, D.C.

Puliiam, R., et a1. (1983). A methodology for allocation nuclear power plant
control functions to human and automated control (NUREG|CR-3331). .U.S.
Nuclear Regulatory Commission: Washington, D.C.

| Smith, S. and Hosier, J. (1986). : Guidelines for designing user interface
software (Department of Defense ESD-TR-86-278). Washington, D.C.: Office of
Managemer.t and Budget.

U.S. Nuclear Regulatory Commission (1978). Quality assurance program-
requirements (NRC Regulatory Guide 1.33 - Rev. 2). Washington, D.C.: U.S.
Government Prir. ting Office.

i

46



_.

,

..

U.S. Nuclear Regulatory Commission. (1980a) 7#1-2 action plan (NUREG-0660)..
,

! Washington, DC.

U.S. Nuclear Regulatory Commission (1980b). Clarification of THI action plan
requirements (NUREG-0737 and Supplements). Washington, DC,.

U.S. Nuclear Re0ulatory Commission (1980c). functional criteria for emergen-'
response facilities (NUREG-0696). Washington, DC,

U.S. Nuclear Regulatory Commission (1981). Guidelines for control room design
reviews (NUREG 0700). Washington, D.C.: U.S. Government Printing sffice.

U.S. Nuclear Regulatory Conmission (1982).: Guidelines for the preparation of
emergency operating procedures ( NUREG-0899). Washington, D.C.: U.S.
Government Printing Off'ce.

U.S. Nuclear Regulatory Commission (1984). Standard review plan , Rev. 1
(NUREG-0800). Washington, DC.

U.S. Nuclear Regulatory Commission (1989). Lessons learned from the special
inspection program for emergency operating procedures (NUREG-1368).
Washington, D.C.: U.S. Government Printing Office.

U.S. Nuclear Regulatory Commission (1991). A prioritization of generic safety
issues (Main Report and Supplements 1-12) (NUREG-0933). Washington, D.C.:
U.S. Government Printing Office.

U.S. Nuclear Regulatory Commission (1992). Shutdown and low-power operation at
commercial nuclear power plants in the United States (Draft NUREG-1449).
Washington, D.C.: U.S. Government Printing Office.

Van Cott, H.P., and Kinkade, R.G. (1972), Numan engineering guide to equipment
design (pp. 1-16). Washington, D.C.: U.S. Government Printing Office.

Woodson, W.E. (1981). Numan factors design handbook. New York: McGraw-Hill
Book Company.

,

e

47



-

T

,

.

Attachment

Operating Experience Review Issues

.

*

48

>



_

,

-0

Operating' Experience Review Issues-
.

. The accident-at Three Mile I-land in 1979 and other reactor' incidents
have illustrated significant problems in the actual design-and the design
philosophy of NPP HSIs. - There have been many studies as a result.of these-

accidents / incidents. Utilities have implemented both NRC mandated changes ,

and additional improvements on their_own initiative. However,'the changes- .;
were formed based on v e constraints associated with~backfits to existing
control-rooms (CRs) using early 1980s technology which limited the scope of-

corrective actions that might have been-considered,.i.e., more effective
fixes could-be used in the case of a designing a-new CR with the modern
technology typical of advanced _ CRs. Problems and issues encountered in
similar systems of previous designs 'should be identified and analyzed so that
they are avoided - in the development of the current system or, . in the case of -
positive features, to ensure-their retention. '

Many of the issues identified below are broad and-involve system design
considerations that are broader than human factors alone. However, each has
a human factors component which should not be overlooked by the COL during
the design and implementation precess. Thus for each issue. identified below,
a brief explanation of the HFE aspects of the issue are provided. These
-explanations are provided as: examples only and are not intended to be a

-

complete specification of the HFE components of the issue (wh'ch should_ be
addressed by the COL in the design specific treatment of the issue). Each of
the issues listed below should be included in the Operating Experience Review
as part of the COL's design and implementation process.

The issues are. organized into the following categories, based on the-
issues source:

1. USI Issues
2. TMI Issues
3. NRC Generic Letters ,

4. AE00 Studies
5. Low Power and Shutcown Issues-

,

1. USI ISSUES

1. A-44, Station blackout: This is a large and significant issue with many-
human factors related aspects, including controls, displays, training, and

'

procedures. .

2. A-47, Safety implications of control systems: This . issue relates to the
implications of failures of non-safety related control systems and their-
interaction with control room operators.

3. B-17, Criteria for safety related operator action: This issue involves
the development of a time criterion for safety-related operator actions
including a detemination of whether automatic actuation _is required.

.
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4. B-32, Ice effects on safety related water supplies: The build-up of ice
on service water intakes can occur gradually and can require improved
instrumentation to allow operators to detect its occurrence before it causes
system inoperability.

5. GI-2, Failure of protective devices on essential equipment: A large
number of LERs have noted the incapacitation of safety-related equipment due
to the failure of protective devices such as fuses and circuit breakers.
Operators are not always aware of the failure of the equipment 'due to the
design of the instrumentation.

6. GI-23, Reactor coolant pump seal failures: This is a multi-faceted
issue, which includes a number of proposed resolutions. One sub-issue is the-
provision of adequate seal instrume:.tation to allow the operators to take
corrective actions to prevent catastrophic failure of seals.

7. GI-51, Improving the reliability of open cycle service water systems:
The build-up of clams, mussels, and corrosion products can cause the
degradation of open cycle SW systems. Added instrumentation is one means of
providing operators with the capability to monitor this build-up and take
corrective action prior to loss of system functionality.

8. GI-57, Effects of fire protection system actuation on safety-related
equipment: This issue resulted from spurious and inadvertent actuations of
fire protection systems, often resulting from operator errors during testing
or maintenance. Design of systems should prevent such errors to the extent
possible.

9. GI-75, Generic implications of ATWS events at the Salem NPP: This GI has
many sub-issues, several of which are related to human factors, for example,
scram data for post-scram analysis, capability for post-maintenance testing
of RPS, and a specific sub-issue titled " review of human factors issues."

10. GI-76, Instrumentation & control power interactions: This issue raises
several concerns, including control & instrumentation faults the could blind
or partially blind the operators to the status of the plant.

11. GI-96, RHR suction valve testing: The design of the RHR suction valves
with respect to valve position indication and instrumentation to detect
potential leakage from high to low pressure areas is important to the
prevention of ISLOCAs. This is important for normal operations and for
testing.

12. GI-101, Break plus single failure in BWR water level instrumentation:
This issue attempts to ensure that robust information is available to the
operators for both reactor water level and for plant status during the
progression of an accident.

13. GI-105, Interfacing system LOCA at BWRs: This issue relates to pressure
isolation valves for BWRs. Many failures in tnis area were due to personnel
errors. The design should address human factors considerations to correct
these potential errors. (The NRC work in the ISLOCA area has generally
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determined that human factors is an area needing considerable attention and
' which has contributed to a number of the ISLOCA precursor events.)

14. GI-110. Equipment protective devices of engineered safety features:
There have been failures and incapacitation of ESF equipment due to the
failure nr intentional bypass by protective devices. Both the design of
these protective devices and the appropriate indication to control room
operators is important.

-15. GI-ll6, Accident management: This issue relates to improved operator
training and procedures for man ging accidents beyond the design basis of the
pl ant.

16. GI-117, Allowable equipment outage times for diverse, simultaneous
equipment outages: A key aspect of this item is providing operators with
needed :.ssistance in identifying risk significant combinations of equipment
outages. The information needed would include valve alignments, switch
settings, as well as components declared inoperable.

17. GI-120, Online testability of protection systems: The designs for
online testability should be careful to include appropriate human factors to
ensure safe testing.

)
18. GI-128, Electrical power reliability: This issue includes power to
vital instrument buses, DC power supplies, and electrical interlocks. All of
these issues are strongly dependent on proper indication and operator action'

for high reliability.g.

19. GI-130, Essential service water pump failures at multi-plant sites:
This issue relates to the arrangement of SW pumps and piping, including
cross-ties at multi-unit sites. BM b the arrangement and the operators'
ability to monitor the status of cr.ss ties is important. This item mentions
potential applicability to single unit sites also.

2. TMI ISStlES

1. IV, HPCI and RCIC separation: the design should consider control room
alarm and indication of the initiation levels and low: level restart values.

2. Ivi, Reduction of challenges to SRVs: the design should consider control
room alarm and indication of SRV status and important parameters.

3. Ivii, ADS study: determination of the " optimum" ADS for elimination of
.

manual activation should consider the operator's need to monitor the system
and should include an analysis of the time required for operators to perform
manual back:up if required.

4. lviii, Automatic restart of Core Spray and LPCI: this issue involves
allocation of function considerations in terms of automatic restart of a
system following manual stoppage by the operators. Considerations of whether
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aut'omatic restart should be available, how it should be implemented, and what
-

.

alarm and indications-are needed-in-the control room are required.

5. lxi, Depressurization by means other U on ADS: consideration-of-
depressurization will involve the provision of alarms and indication 'in the
control room. Some methods may also require operator actions which should be
subject to..the full design and implementation process.

-

6. lxii, Alternate' hydrogen control systems: the evaluation of design ,

alternatives for hydrogen control systems should include the information
needs of the operators to assess the conditions which would require sysi.em
initiation and the degree of automation of the systems.

7. 2iv, SPDS: the selection and display of important safety parameters and
their integration into the overall_ design of the control room is a primary
HFE issue.

8. 2v, Automatic indication of bypassed and inoperable systems: providing
operators with the capability to monitor the status of automatic systems is

.an important function of the control room information display system and an
important component to the maintenance of the optrators' situation awareness.

9. 2vi, Venting of noncondensible gases: operator monitoring of the status
of noncondensible pases in the reactor coolant system and having clear,
unarbiguous indication of the conditions under which gas release must be-

initiated should be evaluated for HFE design implications.

10. 2xi, Direct indication of SRVs in control room; the alarming and
indication of SRV status should be clear and unambiguous and should be
evaluated for HFE design implications,

11, 2xvi, Number of actuation cycles for ECCS and-RPS: as part of the
specification allowable actuation cycles, the method that cycles will be
defined, recorded, and tracked.by the operating crew should be evaluated for
HFE design implications, j
12. 2 xvii, Control room instrumentation for various parameters: the
selection and display of important parameters' and their integration into the
overall design of the control room is a primary HFE issue.

13. 2xviii, Co.. trol room instrumentation for inadequate core cooling: the-
selection and display of important parameters and their integration into the
overall design of the control room is a primary HFE issue.

14. 2xix, Instrumentation for post: accident monitoring: the selection a'nd
display of important parameters and'their integration into the overall: design
of the control room is a primary HFE issue.

15. 2xxi, Auxiliary heat removal systems design to facilitate manual / auto
actions: the specification and evaluation of manual and automatic actions'~
should be subject to the function allocation analyses performed as part of
the design and implementation process.
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16. 2 xxiv, Recording of reactor vessel level: the selection and display of
,

important parameters and their integration into the overall design of the
control roon is a primary HFE issue.

17, 2xxv, TSC, OSC and EOF: the design of the TSC, OSC and EOF should
include HFE considerations to assure that the personnel located in these
facilities can most effectively perform their safety:related functions. Poor
HFE design of these facilities may interfere with the performance of
operators in a well: designed control room.

18, 2xxvii, Monitoring of in: plant and airborne radiation: the selection
and display of important parameters and their integration into the overall
design of the control room is a primary HFE issue.

19. 2xxviii, Control room habitability: while potential pathways for
radioactivity to impact control room habitability may be identified and
design solutions developed to preclude such problems may be developed, the -

control room operating crew should be aware of potential pathways, If

warranted, evaluations of methods to monitor in the control room the
integrity of the design solutions and the presence of radiation in the
pathways should be considered.

>.

3. NRC GENERIC LETTERS

1. 91-06, Resolution of Generic issue A-30, " Adequacy of Safety-Related DC
Power Supplies," Pursuant to 10 CFR 50.54(f). In this generic letter, NRC
proposes certain monitoring, surveillance, and maintenance provisions for
safety-related DC systems.

2. 91-07 GI-23, " Reactor Coolant Pump Seal failures" and its possible effect
on Station Blackout.
This generic letter discusses the interaction between GI-23 and A-44, both of
which have human factors aspects.

3. 91-11 Resolution of Generic Issues 48, "LCOs for Class IE Vital
Instrument Buses," and 49, " Interlocks and LCOs for Class lE Tie Breakers"
Pursuant to 10 CFR 50.54(f). This generic letter addresses several is::ues
related to electrical systems including the reduction of human errors,
control of equipment status, and testing.

.

4. AE00 STLIDIES

T.he NRC's Office for Analysis and Evaluation of Operational Data (AE00)
conducted a program to identify human factors and human performance issues
associated with operating events at nuclear power plants (e.g., Meyer, 1991).
These reports should be reviewed by the COL in order to determine human
factors issues that may impact the development, design, and evaluation of the
ABWR,
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6. LOW POWER AND SHUTDOWN IS$UES |
,-

:

A current area of active NRC work is that of.the risk associated with-
operation during low power and shutdown. The NRC has identified the
operator-centered and human factors issues as 'sarticularly important in this-

,

area. The COL applicant should address those ;1uman factors finally developed |e

by the NRC as a resolution to this issue. The most current status of these - ;

issues is contained in Draft NUREG-1449, " Shutdown _and Low-Power Operation at
Commercial Nuclear Power Plants in the United States.' i
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