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ABSTRACT

Advanced control rooms will use advanced human-system interface (HSI) technologies that may
have significant implications for plant safety in that they will affect the operator’s overall role in the
system, the method of information presentation, and the ways in which operators interact with the system,
The U.S. Nuclear Regulatory Commission (NRC) reviews the HSI aspects of control rooms to ensure
that they are designed to good human factors engineering principles and that operator performance and
reliability are appropriately supported to protect public health and safety. The principal guidance
available to the NRC, however, was developed more than ten years ago, well before these technological
changes. Accordingly, the human factors guidance needs to be updated to serve as the basis for NRC
review of these advanced designs. The purpose of this project was to develop a general approach to
advanced HSI review and the human factors guidelines to support NRC safety reviews of 2dvanced
systems. This two-volume report provides the results of the project. Volume | describes the
development of the Advanced HSI Design Review Guideline (DRG) including (1) its theoretical and
technical foundation, (2) a general model for the review of advanced HSIs, (3) guideline Jevelopment in
both hard-copy and computer-based versions, and (4) the tests and evaluations performed to develop and
validate the DRG. Volume 1 also includes a discussion of the gaps in available guidance and a
methodology for addressing them. Volume 2 provides the guidelines to be used for advanced HSI review
and the procedures for their use.
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EXECUTIVE SUMMARY

Background

Advanced control room (ACR) concepts are being developed in the commercial nuclear industry
as part of future reactor designs and as improvements to current control rooms. The ACRs will use
advanced human-system interface (HSI) technologies that may have significant implications for plant
safety in that they will affect the operator’s general role (function) in the system, the method of
information presentation, the ways in which the operator interacts with the system, and the requirements
on the operator to understand and supervise an increasingly complex system. The U.S. Nuclear
Regulatory Commission (NRC) reviews the HSI aspects of control rooms to verify that they are designed
to good human factors engineering (HFE) principles and that operator performance and reliability are
appropriately supported to ensure public health and safety. The principal review guidance available to
the NRC (NUREG-0700), however, was issued in 1981, well before many of these technological changes.
Accordingly, the human factors guidance needs to be updated to serve as the basis for NRC review of
these advanced designs. The objective of the project described in this report was to develop an approach
for the evaluation of advanced HSIs called the Human Factors Engineering Program Review Model (HFE
PRM) and an Advanced Human-System Interface Design Review Guideline (DRG).

This summary addresses the development and evaluation of the HFE PRM and the DRG.
HFE Program Review Model

In order to develop an approach for the evaluation of HSIs, it was necessary to consider: (1)
standardization of nuclear power plant (NPP) designs, (2) the trends in advanced NPP HSIs, (3) the
human factors issues associated with advanced technology, and (4) the state-of-the-art of human factors
guidelines for advanced HSIs. Considering these issues, it was concluded that safety reviews of the HFE
aspects of advanced reactor designs should: (1) be performed throughout the design of the plant; (2)
extend beyond checklist-based evaluations to include a variety of assessment techniques; and (3)
accommodate a broad range of CR "types" and a diversity of approaches to advanced HSI1 technology.

These factors have led to the development of the HFE PRM. 1t is largely based on applied
general systems theory and represents a top-down approach to the review of HSIs. This approach starts
with plant goals/functions and leads to the detailed design and validation. The HFE PRM is composed
of eight elements and is divided into four review phases: HFE program planning, design analysis,
interface design, and verification & validation. The review process allows the tracking of the design from
initial conception through final design implementation, Within the context of the HFE PRM, the role of
DRG is to provide the review guidance for evaluation of advanced HSIs to assure their conformance to
accepted human factors engineering principles, standards, and guidelines.

DRG Development Methodology

Following a review of research and industry experience related to the integration of personnel into
advanced systems, a set of "High-Level Design Review Principles” was developed. These principles
identify the important design goals for maximizing primary task performance (i.e., the operator’s process
monitoring, decision-making, and control tasks), minimizing secondary task effects (i.e., the distracting
effects of tasks such as configuring a workstation) which are unrelated to the primary task; and
minimizing human error and making systems more tolerant to human errors when they occur. Then more

XV



detailed review guidance was developed for specific HSI implementations (e.g., graphic displays, touch
screens, and expert systems).

The effort to develop detailed guidelines began with an identification of human factors guidance
documents for advanced HSIs. Through a review of the human factors literature and contact with
organizations that sponsor such research, over 50 guideline efforts were identified. The next step was
to select those documents that would serve as the "primary sources” for the initial set of guidelines to be
incorporated in the DRG. A high priority was given to establishing the validity of the guidelines; i.e.,
assuring that they were based upon empirical research and/or accepted human engineering practice.
Validity was defined in terms of two aspects of document development. "Internal” validity was evaluated
by the degree to which the individual guidelines within a document were based upon research and an audit
trail to the research maintained. "External” validity was evaluated as a function of the degree to which
the guidelines were subijected to independent peer review. The peer review process was considered a
good method of screemirg guidelines for conformance to accepted human engineering practices.
Documents which had strong validity were considered primary source documents to serve as a basis for
the DRG.

The guidelines from tne primary sources were edited to combine similar guidelines and to
transform the material into a standardized format. Where compound guidelines were encountered (several
guidelines in a single statement) an effort was made to break them into logical units and represent the
units as separate guidelines. Conflict resolution between guidelines was handled on a case-by-case basis.

The guidelines were sorted into seven major sections described below. Some sections are
currently empty pending the completion of other NRC projects that are developing new guidelines in
those areas. Each of these sections contains a set of general guidelines and more detailed guidelines
addressing specific HSI applications.

The seven sections are:

. Information Display - This section deals primarily with the formatting of visual displays, both
text-based and graphics-based. Following a section of general guidelines, guidance is provided
in top-down fashion beginning with display formats (such as mimic displays and trend graphs),
display format elements (such as labels, icons, symbols, color, text, coding, etc.), data quality
and update rate, and display devices (such as video display terminals and large board displays).

. User-System Interaction - This section addresses the modes of interaction between the operator
and the HSI. Topics include dialog format, navigation, display controls, entering information,
system messages, prompts, and system response time. This section also contains guidelines
concerning methods for ensuring the integrity of data accessed through the user interface,
Guidance covers prevention of inadvertent change or deletion of data, minimization of data loss
due to computer failure, and protection of data such as setpoints from unauthorized access.

. Process Control and Input Devices - This section addresses information entry, operator
dialogue, display control, information manipulation, and system response time. Considerations
of display-control integration are also included here.

. Alarms - This section is a place holder for the results of another NRC research project to develop
review guidance in the area of advanced alarm systems.
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. Analysis and Decision Aids - This section addresses the use of knowledge-based systems.

. Inter-Personnel Communication - This section contains guidelines for activities related to speech
and computer-mediated communication between plant personnel, e g., preparing, addressing,
transmitting and receiving messages.

. Workplace Design - This section addresses the organization of displays and controls within
individual workstations, control room configuration, and environment.

In addition to a hard-copy document, the DRG has been developed as an interactive, computer-
based review aid. The interactive document will simplify guideline access and review, editing,
compilation of individual guidelines for a specific review, and incorporation of new guidelines as they
become available. Availability of the DRG on a portable computer will also facilitate on-site reviews.

The guidelines are stored in a database composed of several primary fields: guideline number,
title, guideline statement, additional information, and source (link to primary source document), Other
"reviewer-support” fields are also provided, e.g., a note pau for reviewers to append comments related
to specific guidelines. The interactive review aid provides for many document functions such as instant
table of contents (ToC) access, context index, giossary, and placemarkers. Reviewers can automatically
g0 to desired sections by clicking on the ToC or index entry. DRG evaluation summary and reporting
functions are also available.

DRG Test and Evaluation

The DRG has been evaluated with respect to its scope and technical content (i.e., adequacy for
the review of advanced HSI technology), and usability (i.e., DRG presentation, interactive documeit
functionality, and user interfaces). The test and evaluation (T&E) program consisted of three
methodologies: Development Test, User Test, and Peer-Review Workshop. The Development Test
provided a preliminary evaluation of the DRG and an opportunity to correct interface problems before
subsequent testing. The User Test was a field test of the DRG in advanced control room environments
by experienced human factors reviewers. The third evaluation was a Peer-Review Workshop. The
workshop provided a different type of evaluation than the two testing tasks and addressed the broader
aspects of the DRG, such as the validity and technical basis for the DRG.

The general results supported the DRG's validity. The primary source documents were
considered an appropriate technical basis upon which to develop the DRG. However, several further
developments were recommended including a reduction in the total number of guidelines, the specification
of a review process or procedure to facilitate DRG usage by a review team, and development of
additional guidelines for several topics that were not adequately addressed (such as computer-based alarm
processing systems).

With respect to the interactive version of the DRG, most interface characteristics thought to be
indicative of usability (such as visual clarity, consistency, explicitness, ease of use, ease of learning, low
memory load, etc.) were rated highly. Some difficulties were encountered, mainly concerning input
devices, reporting and help functions,

Based upon the results of the T&E program, modifications were made to address the identified
considerations.
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Final Version of the DRG

Based upon the results of the T&E program, modifications were made to the technical content
of the guidelines. These included reducing the number of guidelines and “layering” the guidelines into
(1) general principles, (2) general guidelines in each of the major sections, and (3) more detailed
guidelines addressing specific HSI implementations, techniques, and formats. The DRG was also revised
to eliminate redundancy and standardize terminology to ensure consistency throughout the document.
Procedures were developed for use of the DRG to evaluate (1) a plant-specific HSI guideline or design
specification document and (2) an actual ACR design.

Many modifications have been made to the interactive document. These include the development
of a review planning aid to support the identification and selection of guidelines for a specific review and
improvements in the review functions to mitigate the troublesome characteristics of the interface identified
in the evaluations. In addition, a maintenance function was developed to enable easy export of the
guidelines to a text file for editing and import of the revised guideline.

Conclusion

A general framework for the review of advanced HSI technology and design review guidelines
was developed to support NRC staff reviews of advanced HSI technology. The methodological approach
established for the development of advanced HSI design review guidance will support the further
refinement of the DRG to ensure that the document is maintained up-to-date and with valid human factors
review guidance.

The report consists of two volumes, Volume 1 provides the technical basis for the guideline
development. Volume 2 provides the HFE guidelines and the procedures for their use.
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PREFACE

This report was prepared for the Human Factors Branch of the Nuclear Regulatory Commission’s
Office of Nuclear Regulatory Research. The U.S. Nuclear Regulatory Commission (NRC) Project
Manager for this effort is Jerry Wachtel. This document is submitted as part of the work performed for
the "Advanced Control Room Design Review Guideline” project (FIN L-1317).

The objective of the project was to develop an Advanced Human-System Design Review
Guideline (DRG). The results are reported in a two-volume NUREG/CR. The contents of each are
briefly described below.

Volume | provides an overview of the project. Section 1 outlines the tasks performed as part of the DRG
development. Section 2 describes the general issues, regulatory considerations, and theoretical factors
that provided the context for both general model and guideline development. Section 3 describes the
development of a general model for the review of advanced NPP human factors. The model is called the
Human Factors Engineering Program Review Model (HFE PRM). Section 4 describes the methodology
used to develop the design review guidelines for alvanced HSIs that are available in the DRG. This
section also briefly describes the organizational structure of the guidelines, an overview of guideline
content, and procedures for DRG usage. Section § describes the development of the interactive,
computer-based version of the DRG and briefly explains its present functions and user interfaces. Section
6 describes the tests and evaluations performed as part of DRG development and validation. Section 7
describes review needs and a methodology for the development of additional guidance.

Vi ’ r: I (nes for rs -

Volume 2 contains the detailed guidelines and procedures for their use. It is divided into two technical
parts. Part | provides a brief background to the use of the DRC within the context of the overall HFE
PRM, the intended use and limitations of the DRG, and a description of the DRG’s contents. Also
included in Part | are procedures for using the Guideline for the review of (1) a design-specific guideline
or detailed design specification, and (2) an HFE verification of an implemented HSI design. Part 2
contains the guidelines used to conduct reviews of advanced HSIs. In addition to a set of high-level
design review principles, the guidelines are divided into seven sections: (1) Information display, (2)
User-system interaction, (3) Process control and input devices, (4) Alarm systems, (5) Analysis and
decision aids, (7) Inter-personnel communication, and (7) Workplace design. Volume 2 also contains a
detailed glossary and index to support DRG use.
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PART 1:

REVIEW PROCEDURES FOR DRG UTILIZATION



1. BACKGROUND

Advanced control rooms will use advanced human-system interface (HSI) technologies that may
have significant implications for plant safety in that they will atfect the operator’s overall role in the
system, the method of information presentation, and the ways in which operators interact with the system.
The U.S. Nuclear Regulatory Commission (NRC) reviews the HSI aspects of control rooms to ensure
that they are designed to good human factors engineering (HFE) principles and that operator performance
and reliability are appropriately supported to protect public health and safety. The principal guidance
available to the NRC, however, was developed in 1981, well before these technological changes.
Accordingly, the human factors guidance needs to be updated to serve as the basis for NRC review of
these advanced designs. The main purpose of this project was to develop an Advanced HSI Design
Review Guideline (DRG), including review procedures and acceptance criteria, based upon accepted HFE
principles, standards, and guidelines to support staff reviews of advanced HSIs.

The DRG is contained in two-volumes. Vclume 1 describes the development of the DRG
including (1) its theoretical and technical foundation, (2) a general model for the review of advanced
HSIs, (3) guideline development in both hard-copy and computer-based versions, and (4) the tests and
evaluations performed to develop and validate the DRG. Volume | also includes a discussion of the gaps
in available guidance and a methodology for addressing them.

This document is Volume 2. The purpose of Volume 2 is to provide the detailed guidelines and
procedures for their use. The volume is divided into two technical parts. Part 1 provides the intended
use and limitations of the DRG, and a description of the DRG’s contents. Also included in Part 1 are
procedures for using thc DRG for the review of (1) a design-specific guideline or detailed design
specification, and (2) an HFE verification of an implemented HSI design. Part 2 contains the guidelines
used to conduct reviews of advanced HSIs. In addition to a set of high-level design review principles,
the guidelines are divided into seven sections: (1) Information display, (2) User-system interaction, (3)
Process control and input devices, (4) Alarm systems, (5) Analysis and decision aids, (7) Inter-personnel
communication, and (7) Workplace design. A detailed glossary and index to support DRG use are also
provided.



2. INTENDED USAGE AND LIMITATIONS OF THE GUIDELINE

As indicated in the previous section, the purpose of the guidelines presented in this document is
to support NRC HSI design reviews to help assure safe operation of the plant by verifying that the
controls, displays, and data processing support provided by the HS! are appropriate to the crew tasks and
designed according to accepted HFE guidelines, standards, and principles. The guidelines can also be
used to review a designer's HFE guidelines or design specification document.

There are many important reasons for conducting safety reviews using HFE guidelines as
presented here:

1. Such reviews help assure that the design accommodates general human physiological and
cognitive capabilities.

2. HFE guidelines generally represent knowledge concerning HSI characteristics that support
operating crew tasks, derived from a large array of systems developed over many years. HFE
guidelines capture years of lessons learned from system design and research.

3 HFE guideline reviews highlight design characteristics that may detract from human performance.
When the review addresses a designer’s preliminary design specification or prototype, these
characteristics can be addressed in a timely fashion well before the design becomes fixed and
difficult to change.

4 HFE guideline reviews provide an evaluation which may be applicable to all uses of an HSI, as
contrasted with integrated system validation which will generally be more limited due to the time
and effort required to conduct crew-in-the-loop tests.

5. HFE guideline reviews can benefit from a comparison to HSIs in other systems standardized to
the same set of design principles.

While an HFE guideline review provides valuable information to support safety determinations,
it has its limitations as well. It is essential that the reviewer recognize both the strengths and weaknesses
of HFE guideline reviews. Some of these limitations are discussed below:

3 An HFE guideline review is a necessary, but not sufficient basis to determine if the crew can
monitor and operate the HSI to adequately perform system functions.

- HFE guidelines are not sensitive to the time required to perform a task, as are dynamic
performance tests,

3. Since the establishment of a validated set of guidelines requires professional consensus from
research and industry experience, HFE guidelines will always be somewhat incomplete in scope
and coverage of advanced technology (where research and lessons learned from practical
applications do not yet fully address all technology applications).

4 HFE guidelines are generally insensitive to interactive effects of multiple guidelines and their
tradeoffs, e.g., between requirements for consistency and flexibility.



As a result of these limitations it is important to recognize two issues when conducting HFE
guideline evaluations. First, design-specific discrepancies from generic review guidelines are not
necessarily inappropriate. The significance of discrepancies from individual guidelines has to be
considered within the context of the individual review. Second, other methods of evaluation (such as
integrated system validation) should be considered in conjunction with guideline reviews to provide a
complete foundation upon which to base safety evaluations. This approach to safety reviews is consistent
with the multi-method approach to evaluation presented in Volume | of this document,



3. TECHNICAL SCOPE AND GUIDELINE CONTENTS

The scope of the document is primarily the regulatory review of advanced HSI, i.¢e., the crew’s
interface with:

° Information/data, e.g., with the displays of system status and parameter trends;

. Software, e.g., with the plant control systems, data management systems, and interface controls
such as menus, windows, and software support for user “navigation” through display hierarchies:
and

. Computer hardware devices, e.g., video display units (VDUs), mice, and touch screens.

Guidelines for "conventional” technology HSIs, as covered in NUREG-0700, are not duplicated in this
document. The guidance provided in this document and in NUREG-0700 are being integrated to produce
NUREG-0700, Revision 1. The guidelines pertain to the HFE aspects of HSI design and do not address
instrumentation and control, software, and related issues.

With respect to the specific topic areas addressed by the DRG, it was deemed inappropriate to
restrict the types of technology and interaction modes that would be included in the DRG and, therefore,
only in obvious cases were guidelines screened out as inapplicable to a nuclear power plant (NPP)
application. As discussed in Volume 1, there is great diversity in the available HSI designs and dialogue
modes in advanced systems. There is also diversity in the types of tasks operators may be called upon
to perform and in the ways those tasks may be performed in advanced reactor designs. Thus, the DRG
contains a broader diversity of guidelines than might be expected in a NPP review guideline. For
example, guidelines for text processing are available, although it may seem unlikely that text processing
tasks would be a significant operator activity in advanced plants. These guidelines were included in the
DRG to provide a basis for review of a particular application utilizing this type of operator activity (such
as operator interface with knowledge-based systems or computer-based interaction with niaintenance
crews).  Guidelines which are inappropriate to a particular design review need not be used by the
reviewer.

The organizational structure of the DRG (see Table 1) contains a few selectad sections, which
do not currently contain guidelines. These were included for three reasons:

1. To provide "place holders” for ongoing NRC research projects which are currently developing
guidelines that will eventually bé integrated with the DRG.

r 8 To provide a reference in a location where a reviewer may logically expect the information, but
where the relevant guidelines are contained elsewhere. Thus, the section provides a cross-
reference to another section. For example, under Section 1.5 - Display Devices, a reviewer
might expect to find guidelines for the review of audio display devices. However, these
guidelines are in Section 6.2 - Speech-Based Communication. Thus, Section 1.5.4 - Audio
Display Devices cross references Section 6.2,



Table 1. DRG Organizational Structure

1.6 INFORMATION DISPLAY 2.0 USER-SYSTEM INTERACTION
1.1 General Display Guidelines 2.1 Genera! User interaction Guidelines
1.2 Display Formats 2.2 User input Formats
i 2.1 Continuous Text Displays 2.2 1 Command Language
122 Tablesand Lists 222 Menu Selection
1.23 Data Forms and Fields 223 Funciion Keys
124 Bar Charts and Histograms 2.2 4 Macros/Programmable Funclion Keys
125 Graphs 225 Fomns
126 PieCharts 2 26 Direct Manipuiation
127 Flowchars 227 Natural Language
1.28 Mimics and Diagrams 228 Query Language
1.29 Maps 229 Question and Answer
1.2 10 Graphic instrument Paneis 2.2.10 Speech
1.2.11 Speech Displays 2.3 Cursors
1.3 Dispiay Elements 231 Appearance
131 Alphanumerc Characters 232 Controls
1.3.2 Abbreviations and Acronyms 233 Movement
1.33 Labels 234 Multiple Cursors
1.34 loons and Symbols 235 Pointing Cursors
135 Numeric Data 2386 Texi Entry Cursors
1.36 Scales, Axes, and Grids 2.4 System
1.3.7 Borders, Lines, and Amows 241 General
138 Color 242 Prompis
1.39 Sire, Shapse, and Pattern Coding 2 43 Feedback
1.2.10 Highlighting by Brightness and Flashingj 24 4 Caulons and Warnings
1311 Auditory 245 Emor Messages
1.4 Daia Quality and Update Rate 246 User Guidancetelp
1.5 Dispiay Devices 2.47 System Response Time
151 Video Display Units 2.5 Managing Ds
1.52 Large Screan Displeys 251 Dispiay Selecton & Navigation
153 Printars and Plofters 252 Display Controi
154 Audio Display Devices 253 Display Update/Freere
254 Display
255 Scrofing and Paging
256 Windows
2.8 Managing information
26.1 Editing Documents
262 Saving Files
2.63 Temporary Ediling Bufter
264 Excerpt File
2.7 Prevention/Detaction/Correction of Errors
2.7.1 Validating User input
2.7.2 Corecting Entes
2.7.3 Confieming Enties
274 Protecting Data
2.8 System Security
281 User identification
2 82 information Access

3.0 PROCESS CONTROL & iNPUT DEVICES
3.1 General Control Gudelines
3.2 Input Devices
321 Aphanumeric Keyboards
322 Functon Xeys
323 Trackballs Joysticks, and Mice
324 Touch Screens, Light Pens, and

325 Speech input Devices

40 ALARM SYSTEMS

5.0 ANALYSIS AND DECISION AIDS
5.1 Knowledgs-Based Systems

6.0 INTER-PERSONNEL COMMUNICATION

7.3 Environment




3 To provide internal completeness within a section. For example, input formats, e. g., command
and direct manipulation dialog modes, are addressed in Section 2.1. While speech is a potential
mode of user input to the system, no guidelines were available. Section 2.2.7 - Natural
Language was, therefore, added for completeness.

Descriptions of the general contents of the individual sections of the DRG are provided in Section 3.1
below. In Section 3.2, a description of the format for the individual guidelines is provided.

3.1 Description of Guideline Sections
J.1.1 Section 0 - High-Level HSI Design Evaluation Principles

The principles in this section represent the generic HSI characteristics necessary to support crew
performance. The principles are not specific review guidelines, but are intended to be used to support
the interpretation of the significance of individual guideline discrepancies and to support the identification
of significant HSI issues (as is discussed'in Part 1: Section 6 of this document). The principles provide
the link between general human information processing characteristics and HSI design features (see
Volume 1 for a complete explanation of the derivation of the design evaluation principles). The 18
principles are divided into four categories (see Table 2):

. General Principles - These principles ensure the HSI design supports personnel safety and is
compatible with general cognitive and physiological capabilities.

. Primary Task Design - These principles support the operator’s primary task of process monitor-
ing, decision-making, and control to maintain safe plant operation.

. Secondary Task Control - These principles minimize secondary tasks, i.e., tasks the operator must
perforrn when interfacing with the system but which are not directed to the primary task.
Examples of secondary tasks include activities associated with managing the interface such as
navigation through displays, manipulating windows, and accessing data. Performance of
secondary tasks detract from the crews’ performance of primary tasks, so their effects must be
controlled.

. Task Support - These principles support for the operator’s use of the HSI, such as providing (1)
HSI flexibility so tasks can be accomplished in more than one way, (2) user guidance, and (3)
error mitigation.

3.1.2  Section 1 - Information Display

This section deals primarily with the review of visual displays, both text- and graphics-based.
Guidance 1s provided in top-down fashion beginning with general display guidelines (Section 1.1) and
then proceeding to finer levels of display details. Section 1.2, Display Formats, addresses review
guidelines for common display forms such as continuous text, mimics/piping and instru.nentation
diagrams (P&IDs), trend graphs, and flowcharts. If novel formats are encountered in a review, they can
be evaluated using the general display guidelines and the guidelines in Section 1.3, Display Elements.
Any display format can be decomposed into a set of "basic elements” such as alphanumeric characters,
icons, symbols, color, highlighting, abbreviations, labels, coding, highlighting, and the presentation of
numeric data. Review guidelines for these basic elements are covered in Section 1.3, Display Elements.

-



Guidelines for the review of data quality and display update rate are contained in Section 1.4. Section
1.5, Display Devices, addresses the hardware aspects of displays. Review guidelines for display devices,
such as video display units, large panel displays, and hardcopy display devices (printers and plotters) are
provided. Section 1.5.4, Audio Display Devices, is included for cross-reference purposes to Section 6.2,
Speech-Based Communication, which contains guidelines for these devices,

. Table 2. High-Level Design Review Principles
CATEGORY PRINCIPLE

General Personnel Safety

Cognitive Compatibility
Physiological Compatibility
Simplicity of Design
Consistency

Primary Task Design Situation Awareness

Task Compatibility

User Model Compatibility
Organization of HSI Elements
Logical/Explicit Structure
Timeliness

Controls/Displays Compatibility
Feedback

Secondary Task Control Cognitive Workload
Response Workload

Task Support Flexibility
User Guidance and Support
Error Tolerance and Control

3.1.3  Section 2 - User-System Interaction

Section 2 is the largest and most diverse section of the DRG composed of eight subsections which
address the various approaches to user interaction with the HSI. Section 2.1 provides general review
guidelines for user-system interaction with an emphasis on user inputs to the HSI1. Section 2.2 provides
review guidelines for user input and dialog formats such as menus, direct manipulation, and command
language. These guidelines address the issuance of sequence control commands to the system. Sequence
control refers to operator inputs that initiate or interrupt transactions (i.e., functions of the system). The
specific means by which such command inputs are made is the transaction dialogue. A poorly-designed
operator dialogue will inhibit operators from moving efficiently from one task to the next and may
prevent operators from interacting effectively with the system by imposing unnecessary constraints on the
selection or sequencing of actions. The types of input formats addressed are:

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 the
available options, the proper command syntax, etc.. A command language dialogue is



appropriate when a great deal of flexibility is vequired regarding the sequencing and content of
operator inputs, and the operator is very familiar with the system.

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

Function Keys - Function keys are dedicated to a single option or action and are, therefore, best
used 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).

Macros/Programmable Function Keys - Macros are user-defined strings (or chains) of commands
which are executed upon a single user command. Often macros are assigned to programmable
function keys which execute the command string upon a single key press.

Form - A form-filling dialogue requires the operator to enter data in predefined fields presented
on the display. This style of interaction is, therefore, appropriate to situations in which the
categories of data to be input can be specified, but flexibility is required with respect to the data
to be input. It is an appropriate method for entry of information into a computer system when
that information already exists in hardcopy forms.

Direct Manipulation - A direct manipulation or graphic interface typically displays pictographic
icons to represent control actions and options; actions and options not easily represented in
pictographic 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).

Natural Language - A natural language interface allows instructions or requests to be entered
through the keyboard using "everyday” vocabulary with few requirements as to syntax.

Quory Language - Query language is a specialized type of command language used to retrieve
information from a system.

Question and Answer - In a question and answer dialogue, the system poses questions for the
operator to answer. This style of interaction is appropriate when the types of information to be
input are specified, and the order in which the data are to be input is predefined.

Speech - A speech interface allows users to input information and commands through voice rather
than through some manual input as in natural language, query and question/answer dialog
formats. The system utilizes a speech-recognition system to parse and understand the speech
input from the operator.

Section 2.3, Cursors, provides review guidelines for this aspect of the HS1. When interacting with

a computer-based system, the appearance and behavior of the on-screen cursor (or more generally the
“follower” - the on-screen image which tracks the user's input) can significantly affect performance.



Section 2.4, System Response, contains review guidelines address prompts (including routine
messages), operator guidance (feedback and on-line help), and decision aids (i.e., expert systems). Well-
designed prompts indicate not cnly 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 operators, 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. Also covered in this section are response time guidelines. These
guidelines address the necessity of the system to respond promptly to operator input.

Section 2.5, Managing Displays. contains guidelines on a variety of display interactions and
modes (e.g., selection, freezing, updating, paging, scrolling) and windows. 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.

Section 2.6, Managing Information, addresses the manipulation of data in the system including
the processing of text.

Section 2.7, Protection/Detection/Correction of Errors, contains guidelines pertaining to methods
for ensuring the integrity of data used by the system. Guidance covers prevention of inadvertent change
or deletion of data, minimization of data loss due to computer failure, and protection of data such as
setpoints from unauthorized access. Measures taken to protect data will usually involve trade-offs
between security and ease-of-use. The inconvenience introduced by the necessity to verify potentially
destructive actions, for example, should be appropriate to the costs of such actions.

Section 2.8, System Security, contains guidelines for the review of safeguards to prevent
unauthorized users from gaining access to system information, data, and controis.

3.1.4  Section 3 - Process Controls and Input Devices

This section provides review guideiines for general control guidelines in Section 3.1 and for input
devices in Section 3.2. Sectior 3.2 is focused on computer-input devices: keyboard devices (including
special and variable function keys); direct manipulation controllers (including trackballs, joysticks, and
mice); and "pointing devices" (including touch screens, light pens, and graphics tablets). The final
section addresses speech input devices and provides a cross reference to Section 6.2, Speech-Based
Communication, containing guidelines for these devices.

3.1.5 Section 4 - Alarm Systems

At present no guidelines have been included in this section. This section is a "place holder”
for the results of a NRC research project to develop review guidance in the area of alarm systems,

3.1.6 Sect’on § - Analysis and Decision Aids

This section addresses the aids provided to the operator for situation analysis and decision
making. Guidelines for knowledge-based aids are provided. These address some of the functional
requirements of such systems, such as explanation and simulation facilities, and the desirable
characteristics of their user interfaces.
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3.1.7 Section 6 - Inter-Personnel Communication

Section 6.1, General Communication Guidelines, contains guidelines for communications activities
among plant personnel. Detailed guidelines are provided for speech- based (Section 6.2) and computer-
mediated (Section 6.3) communication among the plant personnel such as preparing, addressing, sending,
and receiving messages. Speech-based communication guidelines address the characteristics of speech
input and output devices. Computer-mediated communication guidelines are concerned with minimizing
the demands placed on the operators of the system while providing them with flexibility in communica-
tions,

3.1.8 Section 7 - Workplace Design

Like Section 4, Alarm Systems, Section 7 is a "place holder” pending further development. At
present, limited review guidance is presented in Sections 7.1, Workstation Configuration, and 7.3,
Environment. Section 7.1 addresses workstation configuration, i.e., the integration of individual control
and display devices into a console. The guidelines address VDU viewing distance, viewing angle, and
glare. Section 7.2, Control Room Configuration, is currently empty, but will address the integration of
individual workstations, supervisors consoles, and large screen displays into an integrated control room.
Section 7.3, Environment, is also limited and at present addresses only illumination in the area of
workstations.

3.1.9 Technical Areas Not Fully Addressed by the DRG

In addition to the DRG sections identified as “place holders” above, there are several additional
areas for which HFE review guidance is currently limited. Pending further development, reviews of these
topics can utilize the DRG but may have to be supplemented with additional evaluation methods such as
the utilization of alternative guidance documents, results of testing and trade-off analysis, and dynamic
performance evaluation. For example, the DRG does not specifically address computer-based procedures.
However, the computer-based implementation of procedures may be evaluated by using the guidelines
for general displays, text-based displays, and flowcharts (if appropriate). These guidelines may be
supplemented with other NRC and industry guidance on procedures. A partial list of such areas is
provided below (a discussion of each can be found in Volume 1 of this report);

alarm systems,

situation awareness displays and group displays,
graphical data presentation and novel display technologies (e.g., 3-D displays),
interfaces to automated control systems,

intelligent operator aids,

computer-based procedures,

interface management and navigational strategies,

visual display hardware characteristics,

unique characteristics of flat panel displays,

workstation configuration for VDU-based operations, and
large-screen display integration with workstations.

If a reviewer considers it appropriate to supplement the review guidance provided here, a database of
additional guidance documents that may be consulted is available (O'Hara and Brown (1991)). The
database may be searched for key words to identify potentially applicable sources of information. These

11



sources of information, in addition to the guidelines contained in this document, should provide a solid
basis for the review of most HFE aspects of advanced HSI.

32

¥ ¢ Individual Guideli

The guidelines were developed into the standardized format shown below.

AL R A DI SOV S 0T AT T R PS8 DS DA LG A A SN SR € D R R\ S AT L PN

1.1.-1 Display Screen Partitioning for HSI Functions

A standard organization should be adopted for the location of various HSI functions (such
as a data display zone, control zone, message zone) from one display to another.
ADDITIONAL INFORMATION: Consistent display formats will help establish and preserve user orientation.
Reserved screen areas, for exampls, might be used for a display title, data output by the computer, display control
options, instructions, error messages, and user input and command entry. Display formats should be consistent
with accepted usage and existing user habits 52

he four components of the standard guideline format are described below:

Guideline Number - Within section/subsections individual guidelines are numbered consecutively
from 1 to n. Each guideline has a unique number which reflects its section/subsection location
followed by a dash and then its unique number. For example, in guideline 1.1-1  Display
Screen Partitioning for HS1 Functions, the "1.1" reflects its location in Section 1.1 - General
Display Principles and the "-1" indicates that it is the first guideline in the section.

Guideline Title - Each guideline has a brief unique title.

Guideline Statement - Each guideline contains a concise statement of the criterion/characteristic
the HSI should embody. An effort was made to restrict each guideline statement to a single
concept rather than allowing compound guidelines, thus reducing the ambiguity that may exist
if an interface was acceptable with respect to one aspect of a guideline, but discrepant with
another aspect of the guideline.

Additional Information - For many guidelines additional information is provided which may
address clarifications, examples, exceptions, details regarding measurement, figures, or tables.
This information is intended to support the reviewer's interpretation or application of the
guideline.

Source - The primary source document(s) from which the guideline was developed is shown in
superscript. To conserve space, the source documents are indicated using letter codes. Table
3 provides the letter code reference for each.



Table 3. Source Documents

LETTER
CODE AUTHOR DOC. NUMBER YEAR TITLE

A U.S. DoD DoD-HDBK-761A 1990 Human Engineering Guideline
for Management Information
Systems

B Gilmore et al. | ISBN 0-12-283965-X | 1989 User-Computer Interface in Pro-
cess Control

- U.S. DoD MIL-STD-1472D 1989 Human Engineering Design
Criteria for Military Systems,
Equipment, & Facilities

D NASA USE-HCIG-1000 1988 Space Station Freedom Human-
Computer Interface Guide

E U.S. DoD ESD-TR-86-278 1986 Guidelines for Designing User
Interface Software

F HFS ANSI/HFS-100-1988 | 1988 American National Standard for
Human Factors Engineering of
Visual Display Terminal Work-
stations

G U.S. NRC NUREG-0800 1984 Standard Review Plan

Note: DoD = United States Department of Defense; NASA = National Aeronautics and Space
Administration; HFS = Human Factors Society (now called the Human Factors and Ergonomics
Society); U.S. NRC = United States Nuclear Regulatory Commission.
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4. PROCEDURE FOR DESIGN-SPECIFIC GUIDELINE DOCUMENT REVIEW

As indicated above, the DRG may be used to review an applicant’s document providing an HSI
guideline, style guide, or detailed design specification. The objectives of an NRC review of such a -
applicant document are to evaluate the document with respect to its ccope, technical basis/validity, level
of detail, guideline integration, and procedure for implementation. This review should be conducted by
an experienced human factors professional. Interpretation and communication of the findings are
addressed in Section 6.

4.1 Scope

The NRC reviewer should determine whether all aspects of the HSI important to safe operation
and maintenance of the plant by plant personnel are addressed in the applicant’s document. Generally
the applicant’s document should include guidance for the topic areas presently addressed in the DRG,
NUREG-0700, Chapter 18 of NUREG-0800, and other topics identified by the NRC reviewer as
important to safety.

4.2  Technical Basis and Validity

The content of design-specific guidelines and specifications should be derived from (1) the
application of generic HFE guidance to the specific application, and (2) the development of the applicant's
own guidelines based upon design related analyses and experience.

Selection of generic guidelines source documents for a vendor's design-specific guidelines should
be based on consideration of "validity” principles. Validity may be evaluated in terms of two aspects of
potential source document development which loosely correspond to the empirical research support and
conformance with accepted human engineering practice. First, "internal” validity is evaluated by the
degree to which the individual guidelines within a source document were based on research and whether
an audit trail exists linking each guideline back to its basis. The latter makes it possible to go back to
the original source documents to evaluate the appropriateness of an individual guideline's technical basis.
Second, "external” validity is evaluated as a function of the degree to which the source documents were
subjected to peer review. A document which had undergone extensive peer review is considered to have
high external validity. Consideration of internal and external validity is used for reviewing guidelines
for conformance to accepted human engineering practices. In general, documents which have both good
internal and external validity were considered the best sources for design-specific guidance documents.

The design guideline/specification may contain guidance that is not derived from generic HFE
guidelines and it may contain guidelines which are discrepant from NRC review guidance. In these cases,
justification should be provided to support the acceptability of these guidelines and their deviations. A
documented rationale should be provided for these guidelines, such as:

an analysis of recent literature,

an analysis of current practices,

tradeoff studies and analyses, and

the results of design engineering experiments and evaluations.
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4.3 Level of Detail

Generic HFE guidelines cannot be used in the abstract. They can be applied to a specific design
only when a thorough knowledge of the design-specific tasks which the crew is to perform is available.
Thus the tailoring (translating/interpreting) of individual guidelines to the specific design through function
and task analysis data should be reflected in the applicant’s document and should be available for review.
The applicant’s document should be detailed enough to permit use of the document by design personnel
and subcontractors to achieve a clear, consistent, and verifiable design that meets applicant’s
guideline/specification.

4.4 Guideline Integration

The review should examine the integration of the individual guidelines with each other. Since
the applicant's document reflects a selected subset of available generic guidelines, the guidelines in the
selected subset should be consistent with each other in terms of the overall design goals. For example,
a designer may want to use P&ID formats to display component status on a VDU, The same design may
permit operators to control components by touching the on-screen component icon. The guidance for on-
screen icon size will have to reflect the touch-screen use of the display and specify icon sizes to be larger
than would be necessary if touch-screen control was not used. Thus, the HSI design guidance should
reflect the integration of indication and control in a single display.

4.5  Procedure for Implementation

The applicant’s guideline specification document should provide an indication of how it is to be
used in the overall design process.
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steps in order to minimize the information processing burden of both the NRC Review Team and the
designer/applicant.

Description of Plant System(s) the HSI is designed to monitor and control

Applicable Final Safety Analysis Report (FSAR) descriptions, certified design descrip-
tions, and inspections, tests, analyses, and acceptance criteria (ITAAC),

System design description,

Piping and instrumentation drawings, and

Control logic diagrams.

Human Role in the System

System requirements analysis,
Function analysis and description,
Task analyses, and

Minimum task set.

Description of the HSI

HSI guideline or design specification,

Control room description (floor plan, environmental characteristics and control, etc.),
Workstation and panel layout drawings and photographs,

Communications equipment,

Description of data management system structure (roadmap of screen structure, display
hierarchies, databases, supporting applications access),

Screen displays,

Display screen layout and consistency conventions,

Control and input device inventory and functionality inventory, and

Dictionary of acronyms, abbreviations, symbols, icons, and coding.

Concept of Operations

Operator training materials related to the system and its interfaces with other systems,
Procedures related to systems and their interfaces with other systems, and

"User’s Manual” and related user operation support documentation describing how users
interact with the system (e.g., select data and displays, system messages, dialogue types,
user input and control methods).

Analyses and Evaluations

Final Safety Evaluation Report (FSER),

HSI design decision audit documentation,

Results of applicant’s evaluations pertaining to HFE evaluations, technology assessments,
trade-off studies, etc., pertaining to the HSI design,

Results of the applicant’s HFE verification analysis,



. Results of probabilistic risk assessment and human reliability analysis, including fault/
event tree, failure mode and effects analyses, importance analyses, and sensitivity
analyses of human actions,

. Event reports related to the system or related/similar systems,

. Issue tracking system issue status, and

. 10 CFR 50.59 safety analyses.

For HSI reviews conducted under advanced reactor certification/licensing reviews, much of the
information identified above will be available in the applicant’s reports to the NRC and in staff reviews
for other HFE PRM element submittals.

5.3 Identify Human Functions and Tasks

HFE revier. guidelines cannot be used in the abstract. The most important aspect of design
evaluation is knowing what functions are assigned to plant personnel and the tasks they must perform.
These tasks must be understood in terms of their information, decision-making, and control requirements.
Using system requirements analysis, function allocation analyses, and task analyses provided by the
applicant, the NRC Review Team should identify the human functions in the overall system for normal
and emergency conditions and the tasks performed by plant personnel to support those functions. The
human tasks to be defined should include general monitoring and control functions, for example:

. Base lcad vs. load follow,
. Operator interfaces to global, system, and component monitoring and control as well as
the fault management functions, for example:
. fault detection,
- diagnosis,
- evaluation,
- mitigation control,
- use of procedures, and
- communications with plant personnel and NRC.
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Advanced control rooms and advanced HSIs may include hundreds or thousands of individual
displays. The NRC Review Team is faced with the same "keyhole" effect as the operators; i.e.,
observation of displays and controls can be limited by the viewing area provided through workstation
VDUs. It is imp:actical and unnecessary to review all displays and controls. Therefore, the NRC
Review Team may employ a sampling strategy to guide the selection of HSIs for review. The sampling
strategy discussed below is driven by human functions and tasks. It is intended to include, as needed,
a wide range of human interactions with the plant to evaluate the HSIs that support the crew's roles as
safety monitors, potential transient initiators, plant response monitors, and in-the-loop controllers during
events. Considerations regarding sample size are discussed at the end of this section.

As indicated above, a multidimensional sampling space shouid be utilized from which HSI

elements should be identified to assure a comprehensive consideration of the safety significance of HSIs.
The sampling space for HFE verification reviews can be defined by the foliowing dimensions:
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Normal, abnormal, and emergency conditions,

Human functions,

Task structures,

Cresw interactions,

Risk dominant human interactions based on PRA/HRA analyses,
Human Factors (HF) issue resolutions, and

Issues identified in review preparation.

HFE verification evaluations should include a sample of HSIs reflecting a range of aormal,
abnormal, and emergency conditions in which humans are involved:

HSIs involved in normal plant evolutions (e.g., start-up, full power, and shutdown
operations),

HSIs involved when instrument failures occur (e.g., logic and control units, fault
tolerant controllers, local "field units” for multiplex (MUX) system, MUX controller),
HSIs involved when equipment and processing failures occur (e.g., loss of VDUs, loss
of data processing, loss of large overview display),

HSIs involved in transient management (e.g., turbine trip, loss of offsite power, station
blackout and loss of all feedwater),

HSls involved in accident management from Control Room (e.g., main steam line break,
positive reactivity addition, control rod insertion at power, control rod ejection,
anticipated transient without scram, and various-sized loss of coolant accidents),

HSIs involved in accident management from the Technical Support Center, and

HSIs involved in emergency management (e.g, from the Emergency Operations
Facility).

HFE verification evaluations should include a sample of HSIs reflecting major human functions
in the system, e.g.:

e O & & &+ @

Status monitoring and situation awareness of critical safety functions,

Surveillance testing and maintenance (e.g., equipment blocking, tagging, and bypass),
Alarm monitoring, analysis, and response,

Fault detection, analysis, diagnosis, mitigation,

Monitoring of automated safety functions, and

Override of automated systems and their direct control.

HFE verification evaluations should include a sample of HSIs reflecting a range of rask structure,

e.g.

Procedure supported:

- normal,

- abnormal,

- emergency,

- alarm response, and
w test.
Knowledge-based activities.



4 HFE verification evaluations should include a sample of HSIs reflecting major human-human
interactions, e.g.:

. Betwecn main control room operators,
. Main control room operators and auxiliary operators,
. Main control room operators and support centers,
o Shift turnover and walkdowns, and
. Management, NRC, and other outside organizations.
S. HFE verification evaluations should include a sample of HSIs reflecting risk-significant human
interactions (human actions, systems, and sequences contributing highly to cisk, as defined by the
PRA):
. Dominant human actions (via sensitivity analyses),
. Dominant accident sequences, and
. Dominant systems (via "importance measures").
6. HFE verification evaluations should include a sample of HSIs involved in resolutions to HF

Issues that may have been identified in earlier reviews.

7. HFE verification may also include issues identified by the NRC Review Team during preparation
for the review.

The issue of how much of the HSI should be subject to review (i.e., the sample size) is a difficult
one (Cienerally, the NRC Review Team should review a large enough sample to identify all significant
safety issues. Thus, the sampie should be stratified to be representative of the larger population of HSI
elements (accounting for the significant dimensions identified above). In addition to limits in sampling
imposed by available resources, the extent of the sampling may be limited by other factors as well. A
more limited sampling may be used if:

. The HSI to be reviewed has been through the HFE PRM and an HSI guideline/specifica-
tion review has already been performed, and/or

. The applicant has already performed an HFE verification following a procedure similar
to the one outlined in this section and the results of the verification are availakle for
audit.

If, however, no prior NRC reviews have been performed, a more extensive sampling may be required
for HFE verification.

The size and extent of sampling will be governed by the results of the review as well. For
example, following the procedure outlined below, the NRC Review Team may define a sample of 30
displays for review. Several findings made in the course of the review may indicate that a larger sample
is warranted. Such findings may include:

. The identification of numerous discrepancies,
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. The identification of a pattern of discrepancies associated with a particular type of display
(in this case the team may wish to increase the number of those types of displays to be
reviewed), and

. The observation of inconsistency (or variation) across displays which makes the
achievement of a representative sample difficult; i.e., in order to achieve a representative
sample, given equal population size, the sample size will have to be greater in a
heterogeneous population when compared with a hoinogeneous population.

By contrast, if the team reviews a large number of displays and finds a high degree of consistency and
very few discrepancies, then the team can have a high degree of confidence that the sample is
representative of the total display population and further sampling may not be necessary.

5.5  Characterize Tasks Used in the Evaluation

For those human tasks for which the review will be performed (defined as a result of step 5.4),
the NRC Review Team can utilize the applicant’s human task requirements analyses to characterize the
operator’s tasks to be addressed by the review. The specific information needed will vary depending
on the requirements of the review. Since the tasks may include Incal control station actions as well as
actions in the main CR, the task requirement specifications defined below are broad. The types of task
requirements information that may be identified include:

. Information and Decision-Making Requirements

- Description of the monitoring and decision requirements,

- Evaluations to be performed,

- Decisions that are probable based on the evaluation of available information
(opportunities for cognitive errors should be identified and carefully analyzed),
and

- Information requirements to support monitoring and decision activities, including
cues for task iniciation such as alarms.

. Response Requirements

- Action to be taken,
- Overlap of task requirements (serial vs. parallel task elements),
- Frequency,
- Speed/time line requirements,
- Tolerance/accuracy,
Operational limits of personnel performance,
- Operational limits of machine and software, and
- Body movements required by action taken.

. Feedback Requirements

- Feedback required to monitor and evaluzate the adequacy of actions waken.
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Workload

- Cognitive,
- Physical, and
- Estimation of difficulty level.

Task Support Requirements

- Procedures,

- Special/protective clothing,

- Job aids or reference materials required,
- Tools and equipment required, and

- Computer processing support aids.

Workplace Factors
- Layout of controls and displays,
- Workspace envelope required by action taken,
- Workspace conditions,
Location and condition of the work, and
- Environment (lighting, temperature, an< noise).
Staffing and Communication Requirements
- Number of personnel, their technical specialty, and specific skills,
- Communications required, including type, and
- Personnel interaction when more than one person is involved.

Hazard [dentification

- Identification of potential hazards involved.

5.6 Characterize the HSI

Using information provided by the applicant, the NRC Review Team can characterize the HSIs
associated with the human tasks analyzed in step 5.5 in terms of implementation and functionality. The
HSI may be characterized in terms of the specific implementation of HSI technology, e.g.:

Displays - structure of information/formats/coding/elements,

Modes of Interaction,

Controls and devices,

Alarms,

Aids (use of procedures and knowledge-based aids),

Communications, and

Workplace considerations (workstation integration, control room layout, environment,
local control stations).

While task analyses define required HSI functionality, the NRC Review Team should also identify:
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o Unwanted/unnecessary/unintended functionality (functions wn ire availa |
support crew tasks)

e Potential safety issues (e.g., operator set-point adjustment), an

. Potential security concerns (e.g., software modification)

Therefore. to aid in the identification of such

inventory of HSI functionality from the designer/applicant

5.7 Select the Guidelines to be Used in the Evaluation

evaluation 'he subset of guidelines

Not all of the guidelines will be applicable to e:
appropriate to the specific design should be identified by the Review Team. As is indicated in Volume
the guideline can be divided into three layers. The first two layers are applicable to most reviews
hese are the General Design Principles and the General guidelines under ea or section. Next the
NRC Review Team may select the guidelines that are specific to the design of the HSI under review
of the HSI characterization developed in 5.6 above and

This is accomplished by using the intersection the
the task review selection developed in Sections 5.4 and 5.5 above. This information will indicate whict
aspects of the HSI should be reviewed and the technology-specitic impiementations to be reviewed

For ;".,1““;“;’.‘. ‘-'.Al\gl"”u‘”*'.' icteriza indicat that the d itilizes bar charts, g1 .[r
and mimic display formats. DRG, Guideline Section 1.2, 1 les review guidelines for display torma
reviews lhe reviewer might select the following subsection of 1.2 to be used the evaluati

. 1.2.4, Bar Charts and Histogram

. 1.2.5, Graphs

o 1.2.8, Mimics and
The other subsections from Section 1.2 can be omitted from the review

For a specific review, only a subset of DRG guidelines wiil be used. 1he broad scope ft
DRG enables the review of a wide diversity of HSI designs

Several aspects of the interface n S5 e :
as computer-based alarms). In that case iew Team may (1) seek supplemental guidance
from alternative sources such as the HFE standards and guidance database identified 1 ction 3.1.9
and/or (2) identify the guidance utilized by the desig pplicant in designing the evaluat
that guidance using the methodology presented in Section 4 If 1 exists to review, then that
aspect of the HSI should be evaluated F‘} other method g1 iICh as operator Inierview ind dyna
performance evaluation
5.8 Conduct Evaluation

[me review can be conceptualized in three part
| Global Features Review - A global teature” review addres general HS 4 ptur that reiate &«

the configurational and environmenta: aspects the HSI, sucr ontr om layout, general

workstation configuration, and environment. These aspects of the review g, CR lig r, wili

tend 1o be evaluated only o1
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2. Standardized Features Review - A standardized features review addresses the HSI features which
are governed by the applicant’s design standards and conventions (as defined by the applicant’s
standards and guidelines documents) used across individual controls and displays (e.g., display
screen organization, format conventions, and coding conventions). They should, therefore, be
fairly consistent across the interface and be more predicable than design features which are not
addressed by the standards and guidelines. Thus, for example, if display labeling is controlled
by an applicant’s standard convention (and which is acceptable to the NRC), display labels can
be spot checked and the NRC Design Review Team need not spend a great deal of resources
reviewing this aspect of the HSI.

3 Detailed Features Review - A detailed features review addresses individual displays and controis
in their task-support context. The majority of this effort will be directed towards the task-
appropriateness of HSI features and aspects of the HSI which are not governed/controlled by the
applicant’s ctandards and guidelines. These aspects of the HSI can be expected to be more
variable than the standardized design features (discussed above). For each HSI element, the
NRC Review Team should use the guidelines as the basis of the evaluation only after the
following have been identified:

. The task(s) for which the HSI is being used by the crew

. The role of the HSI in support of the task; e.g., identifying the task information that is
intended to be provided to the operating crew by a particular display.

Depending on the availability of documentation and supporting information, the NRC Review Team may
have access to several potential data sources while conducting the review:

Design documentation linking task analysis to interface design
NRC Review Team observations

Interviews with plant staff

HSI walk-downs using procedures

All available information should be used to support the HSI review and to identify inconsistencies
between different sources of information (since these inconsistencies may be indicative of broader issues).

With respect to each guideline used in the review, the NRC Review Team may indicate whether
the aspect of the HSI under review is:

. "Acceptable,”
. "Discrepant” from the guideline (therefore, potentially unacceptable), or
. "Not Applicable.”

The evaluation of discrepancies is addressed in Section 6 below.

Special considerations should be given to thie following 13sues for the evaluation of a moditica-
tion/upgrade to an existing HSI:

. Satisfying "crew-identified” functionality in add:tion to that specified by system designers
(i.e., when a digital system is introduced to replace an existing system, it is important
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to make sure that all functional uses of the old system have been addressed, even though
it may not have been part of the initial (or original) intended use of the system by the
applicant. The design of the replacement system should consider the actual usage of the
old system by its users.)

. Integration with the rest of the HSIs,
Integration with procedures and training, and
. Impact on operator tasks and workload.

5.9  Interpretation of Findings

When interpreting the findings, one should consider that the review consists of a sampling of
selected features of the HSI. Thus, rather than focusing on discrepancies from individual guideline,
discrepancies should be treated as potential indicators of broader problems. For example, the
identification of an inappropriate format for an individua! display should be considered a potential
indication that other display formats may be incorrectly used or that the observed format is inappropriate-
ly used elsewhere. As another example, the observation of many discrepancies associated with one
particular aspect of the HSI design, such as the remote shutdown panel, may indicate that there are
further problems with that aspect of the design, such as the inconsistent use of design procedures and
standards. In some cases, the evaluation of discrepancies may warrant further review in the identified
areas of concern.

Discrepancies should be evaluated for their potential safety sigrificance based on their possible
effects on:

. Achievement of significant system functions (as identified in Section 5.3 above).
Achievement of significant user task requirements (as identified in Section 5.5 above).
Compliance with the High-Level Design Review Principles (as presented in Part 2 -
Section 0 of this volume).

. Mitigation of general human performance issues associated with advanced systems, such
as information overload, navigation workload, "keyhole" effects (as discussed in Volume
1 of this report and related literature),

. Contribution of the HSI to operating experience issues resolution.

In addition to specifically linking issues to the importance dimensions identified above,
discrepancies may also be considered important if individual aspects of the HSI (such as an important
display) are associated with numerous discrepancies and, in the judgement of the NRC Review Team,
the accumulation of the otherwise insignificant discrepancies may pose a safety concern.

As indicated in Section 2, HFE guideline reviews have limitations. Thus, discrepancies may be
acceptable within the context of the fully-integrated design. The NRC Review Team may consider an
applicant’s documented analysis-based rationale as providing evidence of a discrepancy’s acceptability.
The technical basis for such a determination may include an analysis of recent literature or current
practices, tradeoff studies, or results of design engineering evaluations and data. As a result of an
evaluation, some discrepancies may be eliminated from further consideration; others may be judged
important, that is, potentially safety significant and unjustified by the applicant’s analysis-based rationale.



The unjustified discrepancies should be addressed th. ough design modification, An HSI design
modification plan should be develcped by the applicant and reviewed for acceptability by the NRC. The
NRC may review the implementation of the design modification to verify that the discrepancy is
acceptably resolved.
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0 GENERAL HSI DESIGN REVIEW PRINCIPLES
0.1 General Principles

0.1-1 Personnel Safety
The design should minimize the potential for injury and exposure to harmful materials.

0.1-2 Cognitive Compatibility

The operator’s role should have a level of workload that is not so high as to negatively affect
performance, but sufficient to maintain vigilance and familiarity by carrying out purposeful and
meaningful activities.

0.1-3  Physiological Compatibility

The design of the interface should reflect consideration of human physiological characteristics
including visual/auditory perception, biomechanics (reach and motion), characteristics of motor
control, and anthropometry.

0.1-4  Simplicity of Design
The HSI should represent the simplest design consistent with functional and task requirements.

0.1-5 Consistency

There should be a high degree of consistency between the HSI, the procedures, and the training
systems. At the HSI, the way the system functions and appears to the operating crew always should
be consistent and reflect a high degree of standardization and be fully consistent with procedures and
training.
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0 GENERAL HSI DESIGN REVIEW PRINCIPLES
0.2 Primary Task Design Principles

0.2-1 Situation Awareness

The information presented to the users by the HSI should be correct, rapidly recognized and easily
understood (e.g., "direct perception” or "status at a glance" displays) and support higher-level goals
of user awareness of the status of the system.

0.2-2 Task Compatibility

The system should meet the requirements of users to perform their tasks (including operation, safe
shutdown, inspection, maintenance, and repair). Data should be presented in forms and formats
appropriate to the task (including the need to access confirmatory data or raw data in the case of
higher-level displays) and control options should encompass the range of potential actions; there
should be no unnecessary information or control options.,

0.2-3  User Model Compatibility

All aspects of the system should be consistent with the users’ mental models (understanding and
expectations about how the system bhehaves developed through training, use of procedures, and
experience) and consistent with established conventions (i.e., expressed in customary, commonplace,
useful and functional terms, rather than abstract, unusual or arbitrary forms, or in forms requiring
interpretation).

0.2-4  Organization of HSI Elements

The organization of all aspects of the HSI (from the elements in individual displays, to individual
workstations, to the entire control room) should be based on user requirements and reflect the general
principles of organization by importance, frequency, and order of use  Critical safety- function
information should be available to the entire operating crew in dedicated locations to ensure its
recognition, and to minimize data search and response.

0.2-5 Logical/Explicit Structure

All aspects of the system (formats, terminology, sequencing, grouping, and operator decision support
aids) should reflect an obvious logic based on task requirements or some other non-arbitrary rationale.
The relationship of each display, control, and data processing aid to the overall task/function should
be clear. The structure of the interface and its associated navigation aids should make it easy for
users to recognize where they are in the data space and should enable users to get rapid access to data
not currently visible (e.g., on other display pages). The way the system works and is structured
should be clear to the user.

0.2-6 Timeliness

The system design should take into account users’ cognitive processing capabilities as well as process-
related time constraints to ensure that user tasks can be performed within the time required.
Information flow rates and control performance requirements that are t0o fast or t0o slow may
diminish performance.

0.2-7  Controls/Displays Compatibility
The data entry and control requirements should be compatible with the displays.
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0 GENERAL HSI DESIGN REVIEW PRINCIPLES
0.2 Primary Task Design Principles

0.2-8 Feedback
The system should provide useful information on system status, permissible operations, errors and
error recovery, dangerous operations, and validity of data.

41



GENERAL HSI DESIGN REVIEW PRINCIPLES
0.3 Secondary Task Control Principles

0.3-1 Cognitive Workload
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0 GENERAL HSI DESIGN REVIEW PRINCIPLES
0.4 Task Support Principles

0.4-1 Flexibility

The system should give the user multiple means to carry out actions (and verify automatic actions)
and permit display/control to be formatted in a configuration most convenient for the task. Flexibility
should be limited to situations where it offers advantages in task performance (such as to
accommodate different levels of experience of the users); it should not be provided for its own sake
because there is a trade-off with consistency and the imposition of interface management workload
(which detracts from monitoring and operations tasks).

0.4-2 User Guidance and Support
The system should provide an effective "help” function. Informative, easy-to-use, and relevant
guidance should be provided on-line and off-line to help the user understand and operate the system.

0.4-3 Error Tolerance and Control

A fail safe design should be provided wherever failure can cause damage to equipment, injury to
personnel or inadvertent operation of critical equipment. Therefore, the system should generally be
designed such that a user error will not have serious consequences. If an error is made, its negative
effects should be controlled and minimized. The system should offer simple, comprehensible
notification of the error, and provide simple, effective methods for recovery.
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1 INFORMATION DISPLAY
1.1 General Display Guidelines

1.1-1 Display Screen Partitioning for HSI Functions

A standard display screen organization should be evident for the location of various HSI functions
(such as a data display zone, control zone, message zone) from one display to another.

ADDITIONAL INFORMATION: Consistent display screen organization will help establish and preserve user onentation
Reserved screen areas, for example, might be used for a display title, data output by the computer, display control options,
instructions, error messages, and user input and command entry. Display formats should be consistent with accepted usage and
existing user habits BB.0

1.1-2 Display Conventions

Consistent interface design conventions for all display features (such as iabels) should be evident.
ADDITIONAL INFORMATION: Consistent structure for data and labels should be used within and across displays. Even
minor inconsistencics can distract a user and delay comprehension as the user wonders momentanly whether some apparent
difference represents a real difference. Both the items on display and the displays themselves should be standardized.
Although standardization is desimble, it should not take precedence over the grouping principies of frequency, sequence,
locations, and importanse A-#F

1.1-3 Distinctive HSI Functional Organization and Display Elements

The HSI functional zones and display features should be visually distinctive from one another,
especially for on-screen command and control elements (which should be visibly distinct from all
other screen structures).

ADDITIONAL INFORMATION: Different display arcas can be separated by spacing (where space permits). Outlining can
also h; :oeﬂ to sepamte different areas so that displayed data, contrel options, instmuctions, ete., are distinct from each
other """

1.1-4 Display Title

Every display should begin with a title or header at the top, briefly describing the contents or purpose
of the display.

ADDITIONAL INFORMATION: There should be at least one blank line between the title and the body of the display A©PF

1.1-5 Display Identification

Every display page should have a unique identification to provide a reference for use in requesting the
display of that page.

ADDITIONAL INFORMATION: The page identification could be its title, or an alphanumeric code or an abbreviation which
is prominently displayed in a consistent location. It should be short enough (3-7 characters) and/or meaningful enough to be
learned and remembered easily. At least one blank line between the title und the body of the display shouid be provided AF €

1.1-6 Hierarchy of Titles
Where displays have several levels of titles (and/or labels), the system should provide visual cues to

aid users in distinguishing among the levels in the hierarchy.

ADDITIONAL INFORMATION: Chamcter size vaniation and indentation are two common methods of expressing a
hiemrchy. Bolding, underlining and letter case are also frequently used, but conventions for their use are not been well
estublished ¥
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1 INFORMATION DISPLAY
1.1 General Display Guidelines

1.1-7 Display Simplicity

Displays should present the simplest information consistent with their function; information irrelevant
to the task should not be displayed, and extraneous text and graphics should not be present.
ADDITIONAL INFORMATION: Displayed information should be tailored to user needs, providing only necessary and
immediately usable data for any transaction; displays should not be overloaded with extraneous information. Information not
Mo:!sfgr the current task should not be displayed. In general, the fewest lines or objects in a gmphical display should be
m' ]

1.1-8  Availability of Task-Related Information

All information required by the user during a transaction should be available on the current display.
ADDITIONAL INFORMATION: A user should not have to remember dats from one screen to the next.

1.1-9 Uncluttered Displays

Displays should be as uncluttered as possible.

ADDITIONAL INFORMATION: Display packing density should not exceed S0 percent. Density should be minimized for
displays of critical information. The unused srca should be distributed to separate logical groups, ruther than having all unused
arca on one side. When a displey contains too much data for presentation in a single frame, the display should be partitioned
nto separately displayable pages (multipage displays) or displayed through frames/viewports (such as scrollable

WIMOW') BACE

1.1-10 Task-Related Partitioning of Displays

When displays are partitioned into multiple pages, function/task related data items should be displayed
together on one page.

ADDITIONAL INFORMATION: Relations among data sets should appear in an integrated display rather than partitioned into
separate windows M©-F

L.1-11 Numbering Pages of Multipage Displays

Users working with a multipage displays should be provided with a page location reference within the
display sequence.

ADDITIONAL INFORMATION: Each page of & multipage display sequence should be numbered. Typically, the phrase
“page x of y" is commonly used for this purpose. A recommended format i« to identify pages by a note immediately to the
right of the display title. Leading zeros should not be used in the display of page numbers ©F

1.1-12 Display Frame Location Cues

Users viewing a portion of a larger display should be provided with an indication of the location of
the visible position of a display (frame) in the overall display.

ADDITIONAL INFORMATION: A gmphic indication of the frame's location in the overnll display will provide a visual
context to help a user maintain & conceptual orientation between the visible part and the whole display. For example, in a
comer of the frame, the computer might show a rectangle represeating the overnll display, in which a smaller rectangle is
placed to indicate the position and extent of the currently visible portion of that display, MF
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I INFORMATION DISPLAY
1.1 General Display Guidelines

1.1-13 Grouping of Information in a Display

Information on a display should be grouped according to obvious principles, e.g., by task, system,
function, sequence, etc., based upon the user’s requirements in performance of the ongoing task.
ADDITIONAL INFORMATION: Table 1.1 provides grouping principies and examples of their appropnate uses. Grouping
conventions should be used conaistently within sets of displays of a particular type. For example, grouping by function may
taks precedence over other grouping methods for mimic-type plant displays. Grouping for dats comparison may take
precedence over other grouping methods for displays that present only text. Since users’ tasks can vary, advanced HSIs should
provide the user with the flexibility to group information by alternative grouping principles to reflect changes in task
MUM‘.'C'D'B

1.1-14 Demarcation of Groups
Information groups should be visually distinct, e.g., separated by blanks, lines, color coding, or other
mm.A.D.C.B

1.1-15 Appropriate Display Format

The display presentation format, e.g. table, graph, or flowchart, should be consistent with tasks that
the user will be performing with the displayed information.

ADDITIONAL INFORMATION: Tabie 1.2 providss some formats and conditions for their appropriate use in the context of
five representative user tasks. Display formats should be task dependent. While the table identifies severnl classical display
formats, novel formats can be acceptable if their support for the users' taska can be demonstrated. Since tasks can vary,
advanced HSIs should J»mvide the user with the flexibility to display information in altermative formats that reflect changes in
sk roqui o ACDE

1.1-16 Display Information in Directly Usable Form

Information should be displayed to users in directly usable form consistent with the task requirements.
ADDITIONAL INFORMATION: Users should not have to convert displayed dats into another form to make it ussful to the
ongoing task. A user should not have to transpose, compute, interpolate, or translate displayed data into other units, or refer to
documentation to determine the meaning of displayed data A€ 0¥

1.1-17 Display Information Consistent with User Conventions

Information should be displayed consistently according to standards and conventions familia® to users.
ADDITIONAL INFORMATION: The wording of displayed data, labels, etc. should incorporate familiar terms ano the task-
oriented jurgon of the users, and avoid the unfamiliar jargon of designers and programmers, ¥

1.1-18 Display Information Consistent with Control Requirements
Displays should be consistent in word choice, format, and basic style with requirements for data and
control entry.

ADDITIONAL INFORMATION: When entry formats are consistent with display formats, users are less likely to make
C.DE
errors.

1.1-19 Display Flexibility
Users should be able to control the amount, format, and complexity of displayed data to meet task
requirements **
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Table !.1. Information Grouping Principles

Conditions for Appropriate Use

Task information necessary to suppert a user’s task should be grouped together.

Sequence of Use Where displayed information are used in spatial or temporal order, the information should be grouped
by sequence of use to preserve that order. For example, data in 2 VDU display should match the
order of steps in an associated paper procedure referencing the data. Information should be arranged
sequentially from left to right or top to bottom.

Frequency Where some information is used more frequently than others, the frequently used information should

be grouped at the top or some other predefined location of the display.

Data Comparison

When users must anaiyze sets of data to discern similarities, differences, trends, and relationships,
the dispiay format should be structured so that the data are consistently grouped. Grouping similar
items together in a display format improves their readability and can highlight relationships between
different groups of data. Grouping can be used to provide structure in the display and aid in the

recognition and identification of specific items of information.

Importance Information that is particularly important should be grouped at the top or some other predefined
location of the dispiay.

Function Where a set of information has strong functional relationships such as lower-level status indications

that are related 1o a higher-level plant system (e.g., main feedwater) or function (e.g., core heat
removal), the information should be grouped together to help iflustrate those relationships.

Alphanumeric or
Chronological Sequence

When items or data must be selected from a list or where there is no appropriate logic for grouping
data according to some other principle, alphabetical or chronological grouping should be employed.
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Table 1.2. Display Formats for Representative User Tasks (Continued)

NOTES.

Continuous Text Displays

Text may be used to present information in narmative form However, presentation of lengthy instructions or descriptions is not a preferred method if other formats are
svailable. Text displays are very demanding of the cognitive resources of the user and may be processed more slowly than other formats.

Lists
A senes of reiated items (words, phrases, instructions, ete ) should be displayed in & list mther than as continuous text. A list format wall facilitate rapid, accumte
scanmung.

Speech Displays

Speech displays for user guidance messages may be used in environments with low ambient noise, when a user’s aftention may not be directed towand a visual display or
when a visual display is unpmctical. Speech displays should be used as & means of suppiementing visus! display, or as an altemative mesns of data outnut in spplications
where visual displays are not feasihle.  Speech displays may be impmctical in situations where high ambient noise prevents sccurste listening  As compared with visual
displays, speech displays offer a potential advantage in altracting a user’s attention. On the other hand, speech displays suffer from & number of compamtive
disadvantages. Speech displays generslly do not offer as great a range of coding options. Because speech displays are essentinlly sequential they do not permit easy
scanning to discern critical data items.

Flowcharts

A flowchart should be provided to md probiem solving when s solution can be reached by answering a series of questions, and when no tradeoffs will be required.
Flowcharts should be used for schematic representation of sequence mformation to display data that are logically relsted in terms of sequential processes. A flowchart can
add structure to complex problem solving by iflustrating a set of discrete decision points. With a flowchart, & user is given specific steps to follow in solving a problem,
helping to ensure that all relevant factors are considered. For simple problems, however, & tabuler or text format may be read more quickly than a flowchart.
Flowcharts are not useful when a user must make tradeoffs. For example, if 2 user must evaluate altemative outcomes, then using & flowchart would be cumbersome and
time consuming, and a tabular format may be more efficient. For exampie. in process control, 2 flowchart might md problem diagnosis when a user must determine the
cause of abnormal conditions and take appropriate action.

Tables
When information handling requires detailed companson of ordered sets of data, a tabular format for data display should be prowvided

Data Forms

Forms should be used to display related sets of data items i sepamtely labeled ficids. Forms can aid review of relsted data iteras by displaying explanstory labels to
caption cach data field
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Tabie 1.2. Display Formats for Representative User Tasks (Continued)

Maps
Maps should be provided to display spatial relationships within & geographic area. Here the term “map” refers to the display of relatively stable geographic dats which
may also have additional geographic-related nformation mcluded, such as a display of plume tracks.

Mintics and Di
Mimics and diagrams are simplified graphical depictions of a system and its components. They should be used to show system component and functional relations.
Mimics and diagrams are used to support representstions such as process flow paths (e.g., P&IDs) and electromic circuitry. Disgrams ere considered & specal form of
picture.  Mimics and diagrams should be kept as simple as possible, omilting unnecessary data.

Line Graphs

Line graphs, consisting of smooth curves, straight lines, or straight line segments, should be used for displaying relations between two continuous vaniables. Unlike
printed graphs, computer-genemated curves can show dynamic data change. Line grmphs are generally supenior to other graphic methods for speed and accuracy in
interpreting dats trends. For example, for tasks with limited time to estimate trends and high requirements for accuracy, a line gruph should be used rather than a bar
chart or histogram_ If the shape of a function is important in making decisions, a line graph should be chosen rather than s table. If data nterpolation is necessary, bine
graphs should be used in preference to tables. However, a curve implies a continuous function, Where that could be mislending, & better choice might be 2 bar graph
{see below) composed of discrete display elements from one data point 1o the next. Trends are a special case of line graphs and are used to display the status of 2
varishie over time. Dats sources which may he more appropnately displayed as trends include time cntical information or relatively imprecise information.

Graphs: Scatterplots

Scatterpiots should be used to show the spatial distribution of data pomnts within a coordinate system. Scatterplots, as the name umplies, are sometimes used to show &
dispersal intended to indicate non-correlstion of variables. But scatterplots may not be convineing for that purpose, because users will often perceive pattems in scattered
data points where none actually exist. Curves can be superimposed on scatterplots (data plotted as points in a two- dunensional graph) to indicate computed dats trends,
correlations, or other denved statistical measures, thus combming two types of graphic display.

Bar Charts and Histograms
Bar charts should be used when companng a single measure across a set of several discrete entities or for a vanabie sampled at discrete intervals.

Pie Charts

A pie chart should be used only to show the relative distribution of data among categones.  Pie charts are appropnate for displaying data that represent proportional parts
of a whole. Pie charts should not be used when the viewer is to extract quantitative information; a bar chart will permit more accurate interpretstion for such
applications. Muitiple pie charts will not permit sccurate comparison of different totals, although different-sized pies can be used to indicate gross differences.  Stacked
bar graphs will prove more effective when it 1s necessary to show proportions of different totals



1 INFORMATION DISPLAY
1.1 General Display Guidelines
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1 INFORMATION DISPLAY
1.1 General Display Guidelines

1.1-28 Coding Display Items Requiring Rapid Discrimination

Coding should be provided when a user must distinguish rapidly among different categories of
displayed data.

ADDITIONAL INFORMATION: Differential use of color, for example, as a background to grouped items can greatly aid
users utilization of information. *#

1.1-29 Meaningful Codes
Meaningful or familiar codes should be used, rather than arbitrary codes.©F

1.1-30 Consistent Coding Across Displays<

Consistent meanings should be assigned to codes, from one display to another.

ADDITIONAL INFORMATION: When coding is not consistent, the user's task of display interpretation may be made more
difficult than if no auxiliary coding were used at all AF

1.1-31 Readability of Coded Information

Coding should not interfere with the readability of displayed information ¢

1.1-32 Coding and Transmission Time
Coding should not increase transmission time.*

1.1-33 Distinctive Coding of Critical Information

Distinctive means of coding/highlighting should be used when a user’s attention must be directed to
changes in the state of the System, critical or off-normal data, and hazardous conditions.
ADDITIONAL INFORMATION: Significant changes might include discrepant data exceeding acceptable limits or data failing
to meet some other defined criteria. “Highlight" 1s used here in its general sense, meaning to emphasize or make prominent,
and in not restricted to any particular method of display coding such as brightening or inverse video. Highlighting is most
effective when used sparingly, adding emphasis to a display which is relatively uniform in appearance except for just a few
highlighted items. For some purposes, location coding (i.2., displaying important items consistently in a particular location)
might be a sufficient means of highlighting, as when an error message appears in a space otherwise left blank. But auxihary
codes may still be needed to highlight important items, even if they are positioned consistently. For example, line coding by
color or bolding might be used to highlight displayed paths, and/or the boxes or other gmphic elements representing displayed
states. (Color coding may be particularly appropriate in flowchants, because of the effective primacy of color for guiding tha
visual scanning required to trace paths. )M P CF

1.1-34 Highlighting Toxt Displays

When critical text merits emphasis to set it apart from other text, that text should be highlighted by
bolding/brightening or color coding or by some auxiliary annotation.

ADDITIONAL INFORMATION: Use of capitalization as & coding technique should be limited since it reduces readability, A
single word might be capitalized for emphasis, but capitalizing an extended passage should not be used for coding.

1.1-35 Graphic Display Enhancement With Text
When a graphic display contains some outstanding or discrepant feature that merits attention by a
user, supplementary text should be displayed to emphasize that feature.

ADDITIONAL INFORMATION: For example, a flow diageam for process control might include n current advisory message,
POSSIBLE PRESSURE VALVE FAILURE, as well as appropriate graphic indications of the problem. "



1 INFORMATION DISPLAY
1.1 General Display Guidelines

1.1-36 Graphic Display Enhancement With Numeric Values
When precise reading of a graphic display is required, the display should be annotated with actual
data values to supplement their graphic representation.

ADDITIONAL INFORMATION: 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 & plotted curve. ©-

1.1-37 Display Enhancement With Time Data
When task performance requires or implies the need to assess currency of information within a
display, the information should be annotated with time information A

1.1-38 Alert to Higher Level Displays

While viewing secondary displays, a perceptual (audible or visual) cue should be provided by the
system to alert the user to return to the primary display format if significant information in that
display requires user attention.?

1.1-39 Freezing Rapidly Changing Information

When task requirements dictate that current information changes be continuously viewed and the
display is changing so rapidly that the information is difficult to read, the user should have the
capability of simultaneously viewing the information in a supplemental "snapshot" display (display
frozen to enhance readability) along with the continuous display.

ADDITIONAL INFORMATION: For example, if 8 numeric data display is changing rapidly and the user finds it difficult to

read, it should be possible to display a frozen, unchanging value representing the data at the point of the request. The original
display should continue to be presented ©

1.1-40 Freeze Feedback
If a display has a freeze capability. the display should have an obvious reminder that it is in the freeze

mode.
ADDITIONAL INFORMATION It ia desirable to provide this information to the opertor in an attention grabbing mode,
such #8 with a flashing message ©

1.1-41 Indication of Display System Failure
A display feature should be provided to indicate to the user that the system is operating properly (or

that a system failure has occurred).
ADDITIONAL INFORMATION: Display of calendar date and time is an example of such a display.©

1.1-42 On-Line Dictionary of Display Element Definitions
The user should have access to a dictionary that contains definitions for all display element

conventions through the display or an on-line Help System.
ADDITIONAL INFORMATION: Definitions should be available for all symbols, icons, coding techniques, ete. A legend on
the display may be provided for display conventions. V¥
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1 INFORMATION DISPLAY
1.1 General Display Guidelines

1.1-43 Display Background Color

A single nondistracting background color should be used that has a hue/contrast which allows the data
(foreground) to be =asily visible and which does not distort or interfere with the coding aspects of the
display.

ADDITIONAL INFORMATION: Background color can influence the way & user perceives a color symbol (e.g., shape,

lines). When a color is surrounded by another color, the surrounding color can change the appearance of the enclosed color.
For example, green on a yellow background will appear more biue than the same shade of green on a blue background.
Different colored backgrounds may be used as & coding method to meaningfully group information, provided that colors are
chosen to maintain good contrast and legibility *

1.1-44 Readability Conditions
Important display elements and codes should be identifiable and readable from the maximum viewing

distance and under minimal ambient lighting conditions.
ADDITIONAL INFORMATION: Some pictorial patterns may be effective only when the viewing distance and lighting
conditions are optimum.®

1.1-45 Labeling Scrollable and Multipage Displays
General labels and row/column labels should remain along the top (or bottom) and left (or right)

edges of the display.
ADDITIONAL INFORMATION: Display formats such as tables, lists, forms, and graphs may be scrollable. When this
capability is available, all labeling information should be preserved. AR

1.1-46 Data Overlays
Displayed information which temporarily overlays and obscures other display data should not erase
the overlayed data.®

1.1-47 Physical Overlays
Overlays should not distract or interfere with the observation or interpretation of displayed

information.
ADDITIONAL INFORMATION: Mechanical overlays on VDUs should be avoided. @

1.1-48 Hardcopy of VDU Displays

Users should be able to obtain a hardcopy of any VDU display.

ADDITIONAL INFORMATION; On-line displays can offer some advantages over printed graphics, in terms of animation and
highlighting. When a display is to be printed, however, it is important that limitations of the print medium can be taken
realistically into account. If a printed replica of the screen does not appear satisfactory, it should be reformatted to maintain
readability and clnn(y.“‘"
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I INFORMATION DISPLAY
1.2 Display Formats
1.2.1 Centinuous Text Displays

1.2.1-1 Standard Text Format

A standard text display format should be used from one display to another.*

1.2.1-2 Consistency Between VDU-Based Text and Printed Text
VDU displays of textual data, messages, or instructions, should generally follow design conventions

for printed text

ADDITIONAL INFORMATION: Adoption of familiar design conventions for text d

il 3
reading akills A

1.2.1-3 Sentences Begin with Main Topic

The main topic of each sentence should be located near the begi

1.2.1-44 Clarity of Wording

Text displays should employ simplicity and clarity

1.2.1-5 Distinct Wording

Distinct words rather than contractions or combined f

involving negation
ADDITIONAL INFORMATION: For example, “will not

1.2.1-6 Concise Wording

wording "

The text should be worded concisely to aid comprehension

ADDITIONAL INFORMATION: Wording should be concise but not «

f", "by") and relative pronouns ("that”, "which", "whe

1.2.1-7 Abbreviations Defined in Text

When words in text displays are abbreviated, eac

parentheses following its first appearance

ADDITIONAL INFORMATION: An on-line dictionar

i
ICTy

1.2.1-8 Affirmative Sentences

Affirmative statements rather than negative state
ADDITIONAL INFORMATION:. The user st
P before openung the valve" is preferred

1.2.1-9 Active Voice

£ " 1 }

Sentences should be wi::;)vm;-.f in the acztive rathe
ADDITIONAL INFORMATION Sentences in the a

the screen by preasing RESET" is preferre er "The scree

1.2.1-10 Tempora! Sequence

When a sentence describes a sequence of events
order
ADDITIONAL INFORMATION: Tempoml order is clearer

before opening the valve” 1s preferred over "Before opening tl

savVs sOome space

h abbreviation (

reviistions '’

1A " oi I« ” by
Id be used, especiaily in pnrases

wld be defined in




1 INFORMATION DISPLAY

1.2 Display Formats

1.2.1 Continuous Text Displays

1.2.1-11 Minimum Number of Displayed Lines

When a user must read continuous text on line, at least four lines of text should be displayed at one
time

ADDITIONAL INFORMATION: Four lines of text 1s the

simple in con it the content 18 more compiex sr if & reader will need to refer frequently to pi Alena hen more
b

minumum that should be displayed wron Lhe reading malenal s

i § "
lines of text st be displayed
e b

1.2.1-12 Line Length
Continuous text should be displayed in wide columns, containing at least 50 ¢
ADDITIONAL INFORMATION: When space for text display 1s limited, a few long lines of text rather than many short lincs

haracters pe line
of text should be displayed. Line lengths of less than 50 chamcters result in slower reading times, but line lengths fros

80 characters do not produce differences in reading time .

1.2.1-13 Minimal Hyphenation

In display of textual material, words should be kept intact, with minimal breaking by hyphenation
between lines

ADDITIONAL INFORMATION: Text is more readable if each word 1s entirely on one Line, even if that makes the nghl

ALE
margin more ragged .

1.2.1-14 Conventional Punctuation
Conventional punctuation should be used in textual display

ADDITIONAL INFORMATION: Sentences, for example, should end with a penod :

1.2.1-15 Inter-Word Spacing

Consistent spacing between the words of displayed text should be maintained, with left justification of
lines and ragged right margins. A minimum of one character width (capital N for proportional
spacing) should be used between words

ADDITIONAL INFORMATION: Reading is easier with constant spacing, which outwe

mArgin acrueved at the cost of uneven (NONPropx rlional) spacing Uneven SPacing 18 a greater pr blen

formats than with wide columns. Uneven spacing handicaps poor readers more than good readers. Right justification with

nonproporrt nal spacing justified) slows reading ume k;p‘:l justification should only be empioyed 1l 1t can be achieved

varahie Spacing, maintay onstant proportional dilferences 1n spacing belweer and withun words, an ndistent spa '\
between words in & line FA D1

1.2.1-16 Inter-Line Spacing

A minimum of two stroke widths or 15 percent of character heigh ichever is greater, should b
used for spacing between lines of text

ADDITIONAL INFORMATION g additor the spa Ised 10 uppercase accent marks

i chamclery

lower case descenders

1.2.1-17 Inter-Paragraph Spacing

Displayed paragraphs of text should be separated by at least one blank line
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1.2 Display Formats
1

INFORMATION DISPLAY

2
2.1 Continuous Text Displays

1.2.1-18 Combining Text with Other Data

When text is combined with graphics or other data in a sing

available for text, the text should be formatted in a few wide lines rather than in narrow

! s 1 s 3
nors 1ines

many s

1.2.1-19 Plecing Figures Near Their Citations

When tabies and/or graphics are combined with text, each figure should be placed near its first

citation in the text, preterably in the same display frame

ADDITIONAL INFORMATION: Users may

citation in the text. As an exceplion

ptional display of the figure at user request

18 cited at several points in [’(‘\!11(;\1 text

mught be desimable Lo group figures

i
W

'S

1.2.1-21 Font Coding

Within a text file or table, the use o

perhaps as

.2.1-20 Underlining for Emphasis
hen a line is placed under an

of the item, e.g., by obscuring the

1

not bother to find and look at a figure if it is displayed separately fr

if a figure s cited at several points in the text

& temporary window

and particularly if that text s o
al & particular wal suct
mark of emphasiz : it

a different tont style sho

different size for highlighting information

ADDITIONAL INFORMATION: It

be readily discermable

ot possible to introduce into displayed t

1.2.1-22 Attention Symbols in Alphanumeric Displays

Special symbols, such as asteris

alphanumeric displays.*"

|
W

the word by a space

ADDITIONAL INFORMATION: A s

en a special symbol is used

8 4
|

arrows, etc., should be use

2.1-23 Markers Close to Words Marked
h mark

1.2.1-24 Hardcopy for Lengthy Text Displays

.
When a user must read lengthy

ADDITIONAL INFORMATION. Read

AT

in a prnte

le display, thus limiting the space

veriay al each px

a word. the symbol should be separ



1 INFORMATION DISPLAY
1.2 Display Formats
1.2.2 Tables and Lists

1.2.2-1 Logical Organization

Information should be organized in some recognizable iogical order to facilitate scanning and
assimilation,

ADDITIONAL INFORMATION: If the data in the rows has crder, the order should be increasing from left to right. If the
data in the columns has order, the order should be increasing from top to bottom of the display. [tems in lists should be
arranged in a recognizable order, such aa chronological, alphabetical, sequential, functional, or importance. Where no other
principle applies, lists should be ordered alphabetically. It is the user's logic which should prevail rather than the designer’s
logic, where those are different * ¥

1.2.2-2 Table Layout by Row and Column
A table should be constructed so that row and column labels represent the information a user has

prior to consulting the table.
ADDITIONAL INFORMATION: The left-most column should contain the labels for the row variables, and the top row
should contain the labels for the column variables. When tables are used for reference, the reference item should be displayed

in the left column, and the material most relevant for user response should be displayed in the next adjacent column ACPE

1.2.2-3 Row and Column Labels
Each row and column should be uniquely and informatively labeled and should be visually distinct
from data entries A®*

1.2.2-4 Labeling Units of Measurement
Labels should include the unit of measure for the data in the table; units of measurement should be
part of row or column labels A€2-€

1.2.2-5 Consistent Spacing Within Tables
Consistent column and row 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.
ADDITIONAL INFORMATION: As an exception, when columns are grouped under superheadings, extra ?Ace between
superheadings may help, in order to emphasize that the columns under any single superheading are related. W

1.2.2-6 Minimum Column Spacing
The spacing between columns should be greater than any internal spaces that might be displayed

within a tabulated data item.
ADDITIONAL INFORMATION: The columns in & table should be separated by enough blank spaces, dots, or by some other
distinctive feature, to ensure separation of entries within a row, AC.DE

1.2.2-7 Row Separation
In dense tables with many rows, a blank line, dots, or some other distinctive feature (to aid horizontal

scanning) should be inserted after a group of rows at regular intervals.
ADDITIONAL INFORMATION: For many applications it will suffice to insert a blank line after every five rows AC D
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1 INFORMATION DISPLAY
1.2 Display Formats
1.2.2 Tables and Lists

1.2.2-8 Consistent Character Appearance
The font and size of alphanumeric characters should be consistent within a table and between related
tables.

ADDITIONAL INFORMATION: An exception to this guideline is when & word or set of characters is highlighted by varying
the typeface, for example, through the use of italics or a "boid" font.®

1.2.2 9 Justification of Alphabetic Data

Columns of alphabetic data should be displayed with left justification to permit rapid scanning.
ADDITIONAL INFORMATION: As an exception, indentation can be used to indicate subordinate elements in hierarchic lists.
Also, a short list (of just four or five items) could be displayed horizontally on a single line, in the interest of compact display
format, if that is done consistently A°-E

1.2.2-10 Justification of Numeric Data
Columns 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 *"*#

1.2.2-11 Arabic Numerals for Numbered List Items

When listed items are numbered, Arabic rather than Roman numerals should be used.
ADDITIONAL INFORMATION: Armbic numbers are more familiar to most users, and require less interpretation than Roman
numerals do. The advantage of Arabic numbers becomes greater when large numbers are used *E

1.2.2-12 Numbered Items Start with "1"
Item numbers should begin with one rather than zero **®

1.2.2-13 Continuous Numbering in Multipage Lists
When a list of numbered items exceeds one display page. the items should be numbered continuously
in relation to the first item on the first page.

ADDITIONAL INFORMATION: For example, items continued on the next page should be numbered relative to the last item
on the previous page &%

1.2.2-14 Repeated Elements in Hierarchic Numbering
For hierarchic lists with compound numbers, the complete numbers should be displayed; i.e.,

repeated elements should not be omitted.
ADDITIONAL INFORMATION: Implicit numbering may be acceptable for tasks involving perception of list structure.
Complete numbering is better, however, for tasks requiring search and identification of individual items in the list *F

1.2.2-15 Single-Column List Format
Lists should be formatted so that each item starts on a new line,

ADDITIONAL INFORMATION: A list should be displayed as a single column. As an exception, listing in multiple columns
may be considered where shortage of display space dictates & compact format A ©F
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1 INFORMATION DISPLAY
1.2 Display Formats
1.2.2 Tables and Lists

1.2.2-16 Marking Multiline Items in a List
When a single item in a list continues for more than one line, items should be marked in some way so

that the continuation of an item is obvious.

ADDITIONAL INFORMATION: A continued portion should not appear to be a separate item. items might be separated by &
blank space, or continuing lines within an tem nught be indented, or each item might be numbered or marked by a apecial
symbol such as an arrow or bullet A€F

1.2.2-17 Vertical List Extension Beyond One Page
Where lists extend over more than one display page, the last line of one page should be the first line
on the succeeding page.©

1.2.2-18 Hierarchic Structure for Long Lists
For a long list, extending more than one displayed page, a hierarchic structure should be used to
permit its logical partitioning into related shorter lists.“*

1.2.2-19 Vertical Ordering in Multiple Columns
If a list is displayed in multiple columns, the items should be ordered vertically within each column
rather than horizontally within rows and across columns *“*

1.2.2-20 Annotating Display of Continued Data
When lists or tables are of variable length and may extend beyond the limits of one display page, the
user should be informed when data are continued on another page and when data are concluded on the

present page.

ADDITIONAL INFORMATION: For example, incomplete lists might be marked "continued on next page," "continued," or
"more." Concluding lists might display & note such as "end of list" or “end.” As an exception, short lists whose conclusion is
evident from the display format need not be annotated in this way . ®



1 INFORMATION DISPLAY
1.2 Display Formats
1.2.3 Data Forms and Fields

1.2.3-1 Comparing Data Fields
Data fields to be compared on a character by character basis should be positioned one above the
other *

1.2.3-2 Consistent Format Across Displays

The ordering and layout of corresponding data fields across displays should be consistent from one
display to another.

ADDITIONAL INFORMATION: For example, time records might be consistently punctuated with colons, as HH:MM:SS or
HH:MM. The convention chosen should be familiar to the prospective users AF

1.2.3-3 Consistency of VDU and Hardcopy Formats
The format of a VDU data form should be similar to that of commonly used hardcopy source

documents.
ADDITIONAL INFORMATION: Users should be able 1o transfer their previous truining and experience with the hardcopy
format to the computer display ©

1.2.3-4 Form Compatibie for Data 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“¥

1.2.3-5 Visually Distinct Labels and Data Entry Areas
Clear visual definition of data fields should be provided so that the data are distinct from labels and

other display features.
ADDITIONAL INFORMATION: Special characters (such as underlining) or graphics (such as "boxing”) should be used to
delineate data fields. A broken underscore, for example, could be used to indicate the number of characters available for an

M'A'E

1.2.3-6 Separation of Field Label and Data Entry Area
The label and the data entry area should be separated by at least one character space *°

1.2.3-7 Data Field Separation
At least three spaces should appear between the longest data field in one column and the rightmost

label in an adjacent column.
ADDITIONAL INFORMATION: Where space constraints exist, vertical lines may be substituted for spaces for separation of
columns of ficlds ®

1.2.3-8 Justification: Data Field Labels of Equal Length
When label sizes are relatively equal, both iabels and data fields should be left justified. One space
should be left between the longest label and the data field column ®

1.2.3-9 Justification: Data Fields Labels of Unequal Length

When label sizes vary greatly, labels should be right justified and the data fields should be left-
justified. One space should be left between each label and the data field ®
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1 INFORMATION DISPLAY
1.2 Display Formats
1.2.3 Data Forms and Fields

1.2.3-10 Protected Labeis

Field labels should be protected from keyed entry by having the cursor skip over them automatically
when a user is spacing or tabbing.

ADDITIONAL INFORMATION: When & user must change a displayed form, including changes to field labels, then that user
must be able to override label protection.®

1.2.3-11 Highlight Active Data Entry Fleld

The current field to be entered should be highlighted.
ADDITIONAL INFORMATION: irrelevant objects slow perceptual processing by competing for resources. Use of
highlighting makes the current date field discriminable from irrelevant data ”

1.2.3-12 Data Entry Cues
If appropriate, labels should be used to help cue the user as to the expected data entry.
ADDITIONAL INFORMATION: For example, DATE (MM/DD/YY): _/_/_/."P

1.2.3-13 Label Punctuation as Entry Cue
The label for each entry field should end with a special symboi, signifying that an entry may be

made.
ADDITIONAL INFORMATION: A symbol should be reserved exclusively for prompting user entries. ®

1.2.3-14 Data Form Entry Error
Data entered that does not match the predefined format of the data form should highlighted and

signaled the user,
ADDITIONAL INFORMATION: A beep, for example, can be used to signal an error. ©

1.2.3-15 Distinguishing Blanks from Nulls
Blanks (keyed spaces) should be distinguished from nulls (no entry at all) in the display of data forms,

where that can aid task performance.

ADDITIONAL INFORMATION: Some special symbol might be adopted to denote null entry. If field delimiters are
displayed to guide data entry, then it will often be sufficient simply to leave those delimiters unchanged when no entry has been
made AF

1.2.3-16 Labeling Groups of Data Fields
A field group heading should be centered above the labels to which it applies.”

1.2.3-17 Data Field Group Separation
At least five spaces should appear between groups of data fields.?

1.2.3-18 Headings and Label Indentation

When headings are located on the line above related screen fields, the labels should be indented a
minimum of five spaces from the start of the heading.

ADDITIONAL INFORMATION: Scanning an inquiry screen will be aided if logical groupings of fields are identified by
headings (see Figure 1.1). This permits scanning o« headings until the correct one is located, at which point the visual search
stops dow'n one level to the items within the grouping itself. The above guideline is intended to provide easily scanned
headings.

62



1 INFORMATION DISPLAY
1.2 Display Formats
1.2.3 Data Forms and Fields

1.2.3-19 Heading Proximity to Subordinate Labels

When headings are placed adjacent to the related fields, they should be located to the left of the
topmost row of related fields. The column of labels should be separated from the longest heading by
a minimum of three blank spaces.

ADDITIONAL INFORMATION: Scanning an inquiry screen will be aided if logical groupings of fields are identified by
headings (see Figure 1.2). This permits scanning of hesdings untd the correct one is located, at which point the visual search
mﬂo\v.nmlwdtnthohnmwmﬁnuu'mping itself. The above guideline is intended to provide easily scanned
headings.
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/ Heading

STEAM GENERATOR LEVEL

SGE1:
SG¥ 2.
Related labels indented / 568 3.
five spaces minimum. SG¥ 4.

Figure 1.1. Placement of headings above data fields

Related labels indented
three spaces mirimum.

STEAM GENERATOR LEVEL SGE 1

‘ SGY 2:
1 / SG¥ 3:
| Heading SGH 4;

Figure 1.2. Placement of headings adjacent to data fields
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1 INFORMATION DISPLAY
1.2 Display Formats
1.2.4 Bar Charts and Histograms

1.2.4-1 Labeling Single Bars

Each bar on the display should have a unique identification label.
ADDITIONAL INFORMATION: The labe!l provides a positive wdentification of the parameter each bar represents. An
operator should not have to memorize the position of each parameter on the display.®

1.2.42 Labeling Paired Bars
When bars are displayed in pairs, they should be labeied as a unit, with individual distinguishing
labels for each bar.

ADDITIONAL INFORMATION. Direct labeling of bars will permit efficient information assimilation by s user. If the user
has to refer to a separately displayed legend, interpretation of the chart will be slower and more subject to error,

1.2.4-3 Bar Spacing

When data must be compared, bars should be adjacent to one another and spaced such that a direct
visual comparison can be made without eye movement,

ADDITIONAL INFORMATION: A honzontal bar chart is illustrated in Figure |.3. The spacing between bars should be less
than the bar width. If many bars are displayed, then spacing may produce an alternating pattern of bright and dark bands that
could prove visually disturbing. In this case, it is preferable 1o armnge the bars contiguously (i ¢., without spaces) *CF

1.2.4-4 Consistent Orientation of Bars

In a related series of bar charts, a consistent orientation of the bars (vertical or horizontal) should be
adopted.

ADDITIONAL INFORMATION: if bar length is used to represent time duration then it might be more appropriate to orient
the bars horizontally, in accord with the general convention of plotting time on the horizontal axis of a graph  Vertical bars
can be used to display frequency counts or a large variety of other measured attributes. ¥

1.2.4-5 Highlighting

If one bar represents data of particular significance, then that bar should be highlighted.

ADDITIONAL INFORMATION: If one bar represents critical/discrepant data, then that bar might be coded differently.
However, if bar coding is already used for other purposes, such as to distinguish among dilferent sets of grouped bars, then no
additional highlighting code should be superimposed on the bars themselves; some other means of highlighting (e.g., an arrow)

might be adopted.®

1.2.4-6 Zero Reference on Deviation Bar Charts

The zero reference should be the center of the deviation bar chart.
ADDITION INFORMATION: A example of a deviation bar chart appears in Figure 1 4.©

1.2.4-7 Normal Range on Deviation Bar Charts
On a deviation bar chart, the range of normal conditions for positive or negative deviations should

represent no more than 10% of the total range.
ADDITION INFORMATION: A example of & deviation bar chart appears in P gure 1.4.9



Parameter A

Parameter B

Parameter C

Parameter D

Parameter E

Parameter F | ! . ? A N + ’

0 20 40 b0 80 100
Percent Range
Figure 1.3. Example of a horizontal bar chait
FParameter A ISR
FParameter B R
Parametar C
Parametar D
Parameter E i
-100 -80 -50 -40 -20) 0 20 40 60 0 100
LOW % HIGH

Figure 1.4, Example of a deviation bar chart
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INFORMATION DISPLAY
Display Formats
2.4 Bar Charts and Histograms

1.2.4-8 Indication of Magnitude on Deviation Bar Charts

I'he magnitude of each variable should be displayed when a deviation bar display is used as a primary
display format for safety function parameters

ADDITIONAL INFORMATION: The actual values of critical parameters should appear on the deviation bar display in

}

adadition to percent deviation

1.2.4-9 Coding Segmented Bar Charts
Segmented bars, in which differently coded segments are shown cumulatively within a bar, should be
used when both the total measures and the portions represented by the segments are of interest

v t 15 al " 1¢ 1 1 E
ADDITIONAL INFORMATION: An example of a segmented bar chart appears in Figure 1,544

1.2.4-10 Ordering Data in Segmented Bars

I'ne data categories should be ordered within each bar in the same sequence, with the least variable
Af

categories displayed at the bottom and the most variable at the top

ADDITIONAL INFORMATION: Sometimes there are in leperdent logical grounds for the ordenng of data categonies. If a
uces cont irreguianty of segmenta, then it might be better
segment will "propagate” throughout the

A
iies 1in the ipper segments

Fearcent of
Maximum

Flow

Hours

Figure 1.5. Example of a segmented bar chart




1 INFORMATION DISPLAY
1.2 Display Formats
1.2.5 Graphs

1.2.5-1 Interpreting Graphs
Graphs should convey enough information to allow the user to interpret the data witho

additional sources.?

1.2.5-2 Labeling Curves
When multiple curves are included in a single graph, each curve should be identified
adjacent label, rather than by a separate legend

l ADDITIONAL INFORMATION As an except) where displayed curves are to lose for direct lat

alternative mught be to distinguish the vanous curves in some way, pernaps oy i Ming or ine coding
xdes in a sepamte legend. Lhred labeiing will petrul users Has ALl rmat nore rar i
legend :

1.2.5-3 Legend Ordering

If a legend must be displayed, the codes in the legend should be ordered to match
their corresponding curves in the graph itself.”

1.2.54 Coding to Distinguish Curves
When multiple functions are displayed in a single graph ding should be used
ADDITIONAL INFORMATION ling should be provided particularly ves approach a
1.2.5-8 Consistent Line Coding
Line coding should be used consistently across graphs

1.2.5-6 Highlighting Significant Curves
In displays of multiple curves, if one curve represents data of particular significan
hould be r‘,lg?:l.ym:.[

\DDITIONAL INFORMATION: If one curve represents critical/discrepant data, for example, that cury
vith a hicker line stroke or g vy us

\ A ghlig g any part 8 led 8 4 .
be highlig by displaying it in a dil -

1.2.57 Trending Time Intervals

I'rend displays should be capable of showing data collected during time intervais of
ADDITIONAL INFORMATION: A short time has it & few s {5 noaded to of

i t ah SIgNiIcA ! g ]

1.2.5-8 Multiple Trend Lines
When the user must compare data represented by sepdarate curve the curves should

one combined graph
ADDITIONAL INFORMATION ‘ombined plots should be related, so the user ca rrelate changes
changes in other key variables. Only those curves requinng npars should be nined

n & graph incresaes, the user's task of comparison w




1 INFORMATION DISPLAY
1.2 Display Formats
1.2.5 Graphs

1.2.5-9 Stability of Trend Data
Trend rates should not fluctuate as a result of minor fluctuations in data or oscillatory behavior which
may be superimposed on a well-defined trend.”

1.2.5-10 Indication of Non-Representative Trend Data

When a simple quantitative rate-of-change value is used, an indication should be provided to inform
the user when, as a result of minor fluctuations or oscillations, the rate value does not accurately
represent the trend.”

1.2.5-11 Display of Projected Values
Curves representing planned, projected, or extrapolated data should be distinctive from curves
representing actual data.

ADDITIONAL INFORMATION: Curves representing projected data, for example, could be depicted as broken, dashed or
dotted lines while curves representing actual data could be represented s solid lines A¥

1.2.5-12 Curve Averaging

Combining several individual curves into a single average curve should only be done when users do
not need to know the pattern of individual curves or when curves differ in the basis of minor
irregularities.

ADP!TIOT:L INFORMATION: Curve sveraging should be performed with caution since avernges tend to "wash out" local
vanations.

1.2.5-13 Repeating Display of Cyclic Data

Where curves represent cyclic data, the graph should be extended to repeat uncompleted portions of
the displayed cycle.

ADDITIONAL INFORMATION: This will allow users to scan any critical portion of the displayed cycle without having to
retum visually to the heginning of the plat. How much extension is desimble will depend on the particular application. A-F

1.2.5-14 Targei Area Definition

The target area, preferred combination of X- and Y-axis values, should be graphically defined.
ADDITIONAL INFORMATION: Monitoring a pressure-temperature display, which presents a saturation curve that bisects the
subcooled water region and the superheatad steara region, is an example of & task situation where graphic depiction of a target
area should be provided. This sort of display is best used for detecting deviations from normal if & target area can be defined.
By plotting a brief time history, one may be able to predict where the values are headed. Care should be taken to distinguish
the current value from past values, especially when the values change slowly. This can be done by placing a symbol or code
for the current value ®

1.2.5-15 Minimize Clutter

Old data points should be removed after some fixed period of time.
ADDITIONAL INFORMATION: Ideally, as one new point is plotted the oldest point should be removed, thereby maintaining
a constant number of displayed points. ®

1.2.5-16 Linear Profile Pattern Recognition

The graph should form recognizable geometric patterns for specific abnormal conditions.
ADDITIONAL INFORMATION: An eul?lc of a linear profile graph appears in Figure 1.6. The irregular profile is
indicative of abnormal operating conditions.
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1 INFORMATION DISPLAY
1.2 Display Formats
1.2.5 Graphs

1.2.5-17 Coding Linear Profile Charts
The area below the profile line should be shaded to provide a more distinguishable profile ®

1.2.5-18 Labeling Linear Profile Charts
Labels should be provided along the bottom to identify each parameter.®

1.2.5-19 Circular Profile Chart
The circular profile chart should form a recognizable geometric pattern for specific abnormal

conditions.

ADDITIONAL INFORMATION: Under normal operating conditions, the profile should be circular (see Figure 1.7). An
irregular profile is indicative of an abnormal operating condition. As the user becomes experienced with the circular profile,
the asymmetrical polygons that result from off-normal situations should become more familiar. For example, l steam generator
tube rupture may result in an hourglass shape or & loss-of-coolant accident might produce & cloverleaf design ®

1.2.5-20 Labeling Circular Profile Displays
Labels should be provided to identify each radial line (see Figure 1.7).®

1.2.5-21 Coding Circular Profile Displays

The area within the profile should be shaded to enhance the operator’s perception of plant status (see
Figure 1.7).°
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i
1.2
1.2.5 Graphs
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Flow
40 Loop C
20
Loop D
0
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Figure 1.8, Example of a segmented curve graph

1.2.5-22 Depicting Bands in Segmented Curve Graphs

All segments in a segmented curve graph should be related to the total value

ADDITIONAL INFORMATION: A segmented curve graph contains a series o4 bands depicting the components of a total
series (see Figure 1.8). The values of the bands, segments, or strata are plotted on an X-Y plot. Each of the bands are added
to one another so that the topmost boundary represents the sum of all bands  For example, segmented curve graphs can be
used to show how much each pump 15 contributing to total flow. This format 1s most useful when all elements contribute
equally to the total under normal circumstances. Segmented curve graphs should not be used when changes in the movement of

& Senes are uhmp{‘ or where accurate rcadmg of a component 18 of paramount imponance B

1.2.5-23 Ordering Data in Segmented Curve Graphs

The data categories in a segmented curve graph should be ordered so that the least variable curves are
displayed at the bottom and the most variable at the top.

ADDITIONAL INFORMATION: Sometimes there are independent logical grounds for the ordering of data categories. If &
segmented curve graph that 1s consfructed on a logical basis produces confusing irregulanty of curves, then it might be better to

display the data in some other graphic format. Any irregulanty in the bottom curve will "propagate” throughout the curves

above it, which will make it difficult for a user to examine irregulanties in the upper curves A

1.2.5-24 Coding Segmented Curve Graphs
The different bands of segmented curve graph should be visually distinctive by coding, such as by the
texturing or shading bands **

o |
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1.2 Display Formats
1.2.5 Graphs

1.2.5-25 Labeling Segmented Curve Graphs
Where space permits, the different bands of segmented curve graph should be labeled directly within

the textured or shaded bands A*

1.2.5-26 Highlighting Scatterplots

If some plotted points represent data of particular significance, they should be highlighted to make
them visually distinctive from others.

ADDITIONAL INFORMATION: Significant data points might be highlighted by bolding, color, blinking, shape coding, or
other means, or might be designated by supplementary display annotation. *®

1.2.5-27 Grouping Scatterplots to Show Multiple Relations

When relations among several variables must be examined, an ordered group (matrix) of scatterplots
should be displayed, each showing the relation between just two variables.

ADDITIONAL INFORMATION: The ordering of several scatterplots in a single display might help a user discern relations
among interacting variables *-F

1.2.5-28 Interactive Analysis of Grouped Scatterplots

When scatterplots are grouped in a single display to show relations among several variables, an
interactive aid should be provided for analysis so that if a user selects a set of data in one plot then
the corresponding data points in other plots will be highlighted.

ADDITIONAL INFORMATION: Data selection might be accomplished with a supenimposed box of controllable size to define
the data set of interest. That technique can exploit the capabilities of interactive graphics to permit a mnge of data analysis not
possible when using printed graphs *
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1.2.6 Pie Charts

1.2.6-1 Partitioning
Partitioning should be limited to five segments or less.*

1.2.6-2 Labeling Pie Charts
Pie chart segments should be labeled directly rather than by a separate legend. If a segment is too
smal! to contain the label, the label should be placed outside the segment with a Line from it to the

segment.
ADDITIONAL INFORMATION: The label should be in a normal orientation for reading text ©

1.2.6-3 Numeric Annotation of Labels
If the task requires precise values, numbers should be added to pie chart segment labels to indicate

the percentage and/or absolute values.
ADDITIONAL INFORMATION: Alternative display formats are preferred when users require precise data

1.2.6-4 Highlighting

If a particular segment of a pie chart requires emphasis, it should be highlighted by special hatching
or displaced slightly from the remainder of the pie A"
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1.2 Display Formats
1.2.7 Flowcharts

1.2.7-1 Logical Ordering of Decision Options

The available decision options should be displayed in logical order.

ADDITIONAL INFORMATION: For example, if options represent stages of a process, those stages should be listed in the
order in which they would actually occur. The ordering of options should not be determined merely by the amount of space that
is conveniently available to display them A F

1.2.7-2 Single Decision at Each Step

Only a single decision should be required at each step.
ADDITIONAL INFORMATION: Decisions should not be combined to reduce flowchart size. ¥

1.2.7-3 Consistent Ordering of Decision Options
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 step.
ADDITIONAL INFORMATION: For example, "yes” might always be on the left and "no” on the nght. Consistent ordering
will permit a user to review & flowchart more quickly. **

1.2.7-4 Availability of Supplemental Information
While flowcharts should display only the data immediately required by the user, more detailed data

should be available with a single action.”

1.2.7-§ Conventional Path Orientation
Flowcharts should be designed so that the path of the logical sequence is consistent with familiar

orientation conventions. _
ADDITIONAL INFORMATION: For example, from left to right and from top to bottom. A-P-F

1.2.7-6 Flowchart Symbol Set
There should be a standard set of flowchart symbols.”
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2.8 Mimics and Diagrams

1.2.8-1 Level of Detail
Mimics and diagrams should contain the minimum amount

pictorial representation

ADDITIONAL INFORMATION An example of & mamic dispiay 18 show

as shadowed symbols or very detailed 1cons) sho 1 D¢ avoilae

1.2.8-2 Component Identifiers
' |

Component representations should be identified .’

1.2.8-3 Line Points of Origin

All flow path line origin points should be 'abeled or begin at

1.2.8-4 Line Termination Points

All flow path line destination or terminal points should be [

1.2.8-5 Directional Arrowheads

Flow directions should be clearly indicated by distinctive ar

1.2.8-6 Line Coding

Flow paths should be coded (e.g., by color, width) to indic
ADDITIONAL INFORMATION: For examy r can be used

wle waler Lines, while, steam lines, yellow Nes, ¢ in general, fcal
net a¢ status | AIVER) BN 1 be coxied s KN De n C sa A
1.2.8-7 Overlapping Lines
Flow path lines should not overlap

ADDITIONAL INFORMATION: Cross-overs sh i be car 8

1.2.8-8 Symbol-Data Integration

Where symbols are used to represent equipment components and process

1

numerical data should be presented reflecting i

1.2.8-9 Aids for Analysis

I

ywheads

mportant
A

When users must analyze information in detail, computer aids should be
ADDITIONAL INFORMATION: For examining the internal structure

allow 4 usey to request auxiliary displays of spe d 35800t ‘ 4118 Agra

{ dencted obiects, it might be necessary o provide o« mputer aids for caiculating area




Aeydsip onunw e jo apdurexy 6’| 2miyg

£

wesAg j01u0) pinbin Agpuelg

77
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1.2 Display Formats
1.2.9 Maps

1.2.9-1 Feature ldentification
Significant features of a map should be |
of other information would result
ADDITIONAL INFORMATION: Labels on a map should be positioned consistently in relatior he displayed features the

designate For example, equipment names might aiways be placed immediately above reApONAIng sYmbols show
locations. Ag & practical matier, map displays can get very crowded It may not always pr feasibie maintain a consiste
placement for labels, with the resull that designers will be tempted 1o put 1abeis wherever they w { In such a crowded
display, labels may obscure map features and vice versa. Locating and reading labels will be slowed, parti larly whet
features are displayed ciosely adjacent b the beginning of labels. Under these circumstances, some other approaci

labeling should be considered to avoud crow ding o

1.2.9-2 Consistent Orientation

When several different maps will be displayed, a consistent orientation shouid be us ed so that the

of each map will always represent the same direction

ADDITIONAL INFORMATION: In common use, most maps are onented s at North s upwa

1.2.9-3 User Selectable Orientation

The user should be able to select different orientations and reterence points

ADDITIONAL INFORMATION The svstemn should provide the user wilr £ ¢ \ \ s A relere
points. If the map display can be displayed at other w ricsuat ¥ splay at the user's worksia S

by the seiection he selectex nentation should be clearly uicaied, €. § with a labe

1.2.9-4 Panning Map Displays

When a map exceeds the capacity of a single display frame, users should be able to pan the display

over the mapped data in order to examine different areas of current Interes

ADDITIONAL INFORMATION: Panning is preferred to breaking map displays into discrele pages. 5 :
{ the position 1n the Ovemn lisplay f the visihle section shouild ™ v ide whe A USEr Pans \ \ {
1¢ v fifler sections.
1.2.9-5 Area Coding
Codes. such as texture patterns, color, or tonal variations should be used when different areas

map must be defined, or when geographic distribution of a particular variable must be indicated

ADDITIONAL INFORMATION: It may be desirable to limut arca e variabl \ ¢
formation assimilation. Another approach might he allow & user ! cif ariat A i [

change that selection at will {ing up« rent task e rements.  In some sp al aps ] 8 ; !

feasthic 1O suUpPEIMPOSC BEVEMT “ Arca 1ng i it Ana fata analysis t K

1.2.9-6 Color Tonal Codes

Tonal codes (different shades of one color) rather than spectral codes (difterent colors) should be

when users must make relative judgments for different colored areas of a display

ADDITIONAL INFORMATION: People can order calegones along a continuous dimension to match tonal vanations

color, whereas people do not have a natural means of ordenng different colors. This recommendation represents an ex

to other guidelines advocating distinctive code values. Coding by tonal vanation should be 8 ¢ for applicat

where perception of relative differences along a singie dimension 8 Mo rtant tha 1hs [ alues




1 INFORMATION DISPLAY
1.2 Display Formats
1.2.9 Maps

1.2.9-7 Ordered Coding

Where different areas of a map are coded by texture patterns or tonal variation, the darkest to lightest
shades correspond to the extreme values of the coded variable,

ADDITIONAL INFORMATION: Orderly assignment of code values will help users perceive and remember the categorics
represented by the code. ®

1.2.98 Mapping Nongeographic Data

In applications where the geographic distribution of nongeographic data must be displayed, other
graphic elements should be added to a map for that purpose.

ADDITIONAL INFORMATION: A display for mdicactive control, for example, might superimpose plume tracks on a
background of geographic coordinates, with supn'ementary annotation and/or coding to indicate track identification, speed,
heading, altitude, etc. Alphanumeric characters night be added to & map to show data, but those will not aid a direct visual
comparison across areas in the same way that g aphic symbols can do. Moreover alphanumeric data may be confused with
labels and other kinds of annotation. For exan ple, a symbol might be displayed in different sizes to indicate a particular
measure in different localities, or small stacke« bars might te superimposed on the different areas of a map to indicate the local
distribution of some data measure **

1.2.9-9 Highlighting Data Change

When changes in \napped data are significant for a user’s task, auxiliary graphic elements should be
included to highlight those changes.

ADDITIONAL INFORMATION: For example, auxiliary coding might be needed to indicate vehicular movement on & map of
showing evacuation routes ®

1.2.9-10 Aids for Analyzing Maps

When the use of mapped data may be complex, computer aids should be provided for data analysis.
ADDITIONAL INFORMATION: Computer aids should be provided when a user must judge distances accurately on a map or
other graphic display for that judgment. For exact 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 directly. The same technigue might be used to determine the
direction (bearing) between two points AB
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1.2 Display Formats
1.2.10 Graphic Instrument Panels

1.2.10-1 Display Range Coding
Zones indicating operating ranges should be color coded by edge lines or wedges for circular scales.
ADDITIONAL INFORMATION: Zones can be used to indicate operating ranges, off-normal levels, dangerous levels, ete.®

1.2.10-2 Location of Zero
When check-reading positive and negative values, the zero or null position should be at 12 o’clock or

9 o’clock.
ADDITIONAL INFORMATION: With a matrix of circular displays, deviations from a 9 o'clock null position are casily
detected in chock reading. Zero should appear at the 12 o'clock position on multi revolution dials ®

1.2.10-3 Pointer Orientation
The pointer on fixed scales should extend from the right of vertical scales and from the bottom of

horizontal scales.®

1.2.10-4 Pointer Obscurement
The pointer on fixed scales should extend to but not obscure the shortest graduation marks ®

1.2.10-5 Tick Mark Separation
Tick marks should be separated by at least 0.07 in. (1.75 mm) for a viewing distance of 28 in. (71

¢m) under low illumination.
ADDITIONAL INFORMATION: Low illumination is less than less than | 0 ft-L (3.5 cd/m?) ®

1.2.10-6 Number of Tick Marks
Scales should not be cluttered with more marks than necessary for precision.®
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1.2 Display Formats
2.11 Speech Displays

1.2.11-1 Limits on Speech Messages

Speech should be limited to provide oniy a few messages

ADDITIONAL INFORMATION Speect easages would not be usel { example | ) SRALCS
ne Lme r lor onveving & lenginhy st I men plions

1.2.11-2 Message Repeat Capability

T'he user should be able to have speech messages repeated

1.2.11-3 Simple Spoken Messages

Messages should be short and simple

ADDITIONAL INFORMATION: If a user does not understand a writlen message, it can be reread  That 18 not as ¢

spoken messages, even though a REPEAT function should be provided. A bettor approach 1s to restrict use of speect

short and mimple messages. If a user who may not be watching a display must be given long nplex messages
probably better L provide a simple aud Y Signal such as a chume, and then display the messages visually for the user t
i ISCrs W derstand X 454 A M ¢ spla § whe ca ¢ :
1.2.11-4 Type of Voice
A distinctive and mature voice shouid be used
1.2.11-5 Delivery Style
£ L | . .y
ypoken warning signals sho id be presented in a formai, impersonal manner

: ac e

1.2.11-6 Word Selection
Words in a speech message should be concise, inteliigible, and appropriate tor the informati
[<,‘j».‘-vr|tg.,]
ADDITIONAL INFORMATION: W poss vord Al i ] W INCBsag ation »

th K X } 1 < pre 1] T 5 1 5 ¢ i W g
ha syllable sho he 8¢ han v st e Prese g cl et W hisk !
N0 BEV L should b 1o [ Wy Vg \ 4 3 ¢ 1

1.2.11-7 Speech Message Priority
A speech message priority system should be established such that more critical messages overrid

presentation of any message occurring below it on the priority list

ADDITIONAL INFORMATION I tw r more incidents or malfunct 8 Occur simultaneous) he message having
higher prionty should be given first. The remaining messages sh 1 foliow in order of pnont In the event
subsystem failure he system sh [ grale prev NEESARCS A electr ¢ galing and report the system rather th

omponent fatlure

1.2.11-8 Distinctive Spoken Warnings
[f \;‘(C\h 18 used to pre \ls.!k warnings as w gll as other torms ot user guidance, sp Ken warnin

should be easily distinguishable from routine messages

ADDITIONAL INFORMATION: F r example, speect put used identify emergenc nditions might use s
Listinctive voice and/or preface cach warning message with somg iner distinctive auditory alert signa in some apg
ymputer-gencrated speech might be useful for providing a few short and simy war g8 Howeve [ speec I
ised for other purposes, then the waming messages must be di
1




I INFORMATION DISPLAY
1.2 Display Formats
1.2.11 Speech Displays

1.2.11-9 Intensity of Speech Presentation

Speech signal intensity should be clearly audibie for the expected ambient noise environment.
ADDITIONAL INFORMATION: For cntical messages, speech should be at least 20 db above the speech interference level at
the opersting position of the intended receiver.  Signal to nowse mtios should be at least 5.1 Audio signal power should be
approximately 300 milliwatts at the histeners ear  Speech mignals should fall within the mnge of 200 to 6100 Hz **



1 INFORMATION DISPLAY
1.3 Display Elements
1.3.1 Alphanumeric Characters

1.3.1-1 Conventional Use of Mixed Case

Text to be read (except labels) should be presented using upper and lower case characters.
ADDITIONAL INFORMATION: Reading text is easier and faster when capitalization is used conventionally to start sentences
and to indicate proper nouns and acronyms. There are several exceptions, however. An item intended to attruet the user's
attention, such as a label or title, can be displayed in upper case. Also, upper case should be used when Jower case letters will
have decreased legibility, e g., on a display terminal that cannot show true descenders for lower cuse letters A0F

1.3.1-2 Font Style

A clearly legible font should be utilized. Fonts should have true ascenders and descenders, unitorm
stroke width, and uniform aspect ratio.

ADDITIONAL INFORMATION: Preference should be given to simple styles. Script and other highly stylized fouts (e g,
shadow, calligraphy) should be avoided. Avoid typefaces that: have extended serifs, internal patterns, or stripes; are italicized,
stenciled, shadowed or 3-dimensional; appear like handwritten script or like Old English seript; &re distorted to look tall and
thin or wide and fat. The basic evaluation criterion for font selection should be legibility *-P

1.3.1-3 Distinguishability of Characters
For a given font, it should be possible to clearly distinguish between the following characters: X and
K, Tand Y, Tand L,1and 1, Oand Q, Sand 5, and U and V *

1.3.1-4 Character Size for Text Readability

For reading of continuous text, the minimum character height should be 16 minutes of arc (4.7 mrad)
and the maximum character height should be 24 minutes of arc (7 mrad).

ADDITIONAL INFORMATION: Chamcter heights of 20 to 22 minutes of are (5.5 to 6.5 mrad) are preferred for reading
tasks. Charcters should not be larger than 45 minutes of arc (13 mmad) when groups of characters are displayed  Minutes of
arc can be converted nto height as follows

Height = 2xD(MA)/21600
where
MA s minutes of are, and

D is the distance from the user to the screen P

1.3.1-§ Character Height-to-Width Ratio
For fixed (as opposed to proportionally spaced) presentations, the height-to-width ratio should be

between 1:0.7 to 1:0.9.

ADDITIONAL INFORMATION: For proportionally spaced presentations, a height to-width ratio closer to 1:1 should be
permitted for some characters, {or example, the capital letters M and W. The height-to-width ratio of a given character is the
vertical distance between the top and bottom edges, and the left and right edges of a nonaccented capital letter. Some letters,
however, are customanily seen as narrower than others. For example, in a given character set the letter [, and sometimes the
letter }, appear narrower than M and 2. Lowercase letters may similarly vary in width. Accordingly, the height-to-width ratio
of a given character set should be the modal character width - that is, the width that occurs most often - in the set of capital
letters. These measurements are to be made at the same luminance level as the resolution measurement (see 1.5.1-1)."
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1.3 Display Elements
1.3.1 Alphanumeric Characters

1.3.1-6 Character Format/Aspect Ratio

A 4x5 (width-to-height) character matrix should be the minimum matrix used for superscripts and for
numerators and denominators of fractions that are to be displayed in a single character position.
ADDITIONAL INFORMATION: A 5x7 (width-to-height) character matrix should be the minimum matrix used for numeric
and uppercase-only presentations. The vertical height should be increased upward by two dot positions if diacritical marks are
used. A 7x9 (width-to-height) chamcter matrix should be the minimum matrix for tasks that require continuous reading for
context, or when individual alphabetic chamcter legibility is important, such as in proofreading.  The vertical height should be
increased upward by two dot (pixel) positions if diacritical marks are used. If lower case is used, the vertical height should be
increased downward by at least one dot (pixel) position, preferably two or more, to accommodate descenders of lower case
letters. Stroke width should be greater than 1/12 of the character height. A stroke width may be more than one pixel wide.”

1.3.1-7 Inter-Character Spacing
Between-character spacing should be a minimum of 10 percent of character height.”

1.3.1-8 Brightness Ratio
The characters should be at least twice as light (or dark) as the background.”
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1.3 Display Elements
1.3.2 Abbreviations and Acronyms

1.3.2-1 Meaningful Abbreviations
When abbreviations are used, those abbreviations should be meaningtul and commonly recognized
ADDITIONAL INFORMATION: When abbreviation is nex essary due to space nsiraints, the words chosen for abbre
should be those that are commonly known in their abbrevisted form. and/or those w rds whose abbreviations can be

mambiguously interpreted l'o indicate that there 1a low pressure in the condensate st ymge tank, the use of "CST

Low"™ would be acceptable, but "Condensate St rage Tank Prusr Lw" s not a4 good abbreviati

1.3.2-2 Abbreviation Rule
When defining abbreviations which are not common to the user population, a simple rule shouls

used that users understand and recognize

ADDITIONAL INFORMATION: Abbreviati by truncation 18 the best method, except when word endings ¢
informatior When a truncation rule i1s used, abbreviations are easy to derive and casy for a user {¢ fe Ifan &
deviates from the ngistent rele, it may be helpt o give some special mark whenever it 19 displa e

1.3.2-3 Distinctive Abbreviations
Abbreviations should be distinctive so that abbreviations for different words are distinguishable

1.3.2-4 Minimal Punctuation of Abbreviations

Punctuation of abbreviations and acronyms should be minimized

ADDITIONAL INFORMATION: For example, SPDS is preferred over S P D.S  Puncltuation sl be retained wh
needed for clanty, e g d-in. diameter piy ather than “4 hiameter pipe ""

1.3.2-5 Short Abbreviations for Arbitrary Codes

When arbitrary codes must be remembered | y the user, characters should be grouped in block
three to five characters, separated by a minimum of one blank Spd r other separating charact
such as a hyphen or slash

ADDITIONAL INFORMATION Arbitrary codes are a phanumen harecters without natura 'L A Wi
meaningiu SUCH &8 & MNemot abbhreviation 8 word, it can nger "

1.3.2-6 Avoid O and 1 in Arbitrary Codes

he use of the letters O and I in a non-meaningful code should be avoided sit } i1 15ily
confused with the numbers 0 (zero) and 1| (one) respectively

1.3.2-7 Combining Letters and Numbers in Arbitrary Codes

When codes combine both letters and numbers, letters should be grouped together and number

grouped together rather than interspersing letters with numbers

ADDITIONAL INFORMATION: For example, letter-letter-number ("HWS") will be read and remembered somewhat

i

; " L5 kA A
accurately than letler nuimber-letter HSW
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1 INFORMATION DISPLAY
1.3 Display Elements
1.3.3 Labels

1.3.3-1 Group Labels
Each individual aspect of a display (e.g., data group, field, or message should ¢

D

unique, and descriptive label

1.3.3-:2 Meaningfulness
3 Labels should be meaningful words or accepted technical terms

ADDITIONAL INFORMATION: Labels should deacribe the contents of the display accuralely an

innecessary words or characters. Whenever space permuts, the label ahould nsist of the entire w
that describes the displays I1 abbrevialions are necessary neLr meanings si id be read ferst
1.3.3-3 Label Formats
Label formats should be consistent across and within displays
1.3.3.4 Consistent Wording of Labels

l Labels should be worded consistently, so that the same item is given the same 1

appears
ADDITIONAL INFORM ATION Consistent grammatical forma for different labels should als

words or phrascs [or some labels and short sentences lor others r verbs lor some ank 18 |

1.3.3-5 Distinctive Labels

LLabels should be uniquely and consistently highlighted, capitalized, or otherwi
differentiate them from other screen structures and data

ADDITIONAL INFORMATION: The technique used should be casily distinguished fr

CIMergenc or entical messages, such as by bolding inderhinung and s I capnrals A

1.3.3-6 Label Separation
Labels should be separated from one another by at least two standard characte

1.3.3-7 Normal Orientation for Labels
he annotation of graphic displays, including labels for the axes of graphs, should be
normal orientation for reading text

ADDITIONAL INFORMATION: Users should be presented with horizontally displayed labe

graph A conventional text onentatior { labels wall pern faster jore accurate reading

page to read a disonented label on a printed page, a uscr usua annNot t a VDU display scr
1.3.3-8 Label Content for User Options
When presenting a list of user options, labels should refiect the question or deci

the user

1.3.3-9 Graphic Objects
I'he label for a specific graphic object (e.g., an icon) should be placed in close

graphical object

ADDITIONAL INFORMATION  When possible, the label should be on the ponent

If multiple component parts of the grapt ct a " h wl, a " { '
ma )

,1\

5(




1 INFORMATION DISPLAY
1.3 Display Elements
1.3.4 lIcons and Symbols

1.3.4-1 Appropriate Use of Icons

The primary use of icons in graphic displays should be to represent actual objects or actions.
ADDITIONAL INFORMATION: lcons may be used to graphically represent operations, processes and data structures, and
may be used as means of exemiling control (e g., by selecting an icon and commanding operations) over system functions,
components, and data structures

1.3.4-2 lconic Representation

Icons should be designed to look like the objects, processes, or operations they represent, by use of
literal, functional, or operational representations.

ADDITIONAL INFORMATION: Some pictorial symbols have conventional meanings within & user population, which must

be followed to ensure their correct interpretation. Examples of representations. literal, a figure of a pump; functional, a figure
of a file cabinet; operational, a hand on a switch ¥

1.3.4-3 Simple Design

Icons should be simple closed figures when possible.

ADDITIONAL INFORMATION: When icons are too visut'ly complex, they are not quickly recognized. This eliminates the
primary advantage of using icons i.e., quick recogmition. Simple, closed figures are processed more efficiently than are open
figures.”

1.3.4-4 Use of Abstract Symbology
Abstract symbols should conform to user conventions or to common electrical and mechanical symbol
conventions when user conventions do not exist.®

1.3.4-5 Distinguishability
Each icon and symbol should represent a single object or action, and should be easily discriminable

from all other icons and symbols.
ADDITIONAL INFORMATION: The distinguishing feature between icons should be the extemal geometrie configumtion of
the iC(ll\.D

1.3.4-6 Consistent Use of Special Symbols
Special symbols to signal critical conditions should be used exclusively for that purpose ***

1.3.4-7 Upright Orientation
Icons and symbols should always be oriented “upright "®

1.3.4-8 No Alternating Words and Symbols

Words and symbols should not be used alternately.
ADDITIONAL INFORMATION: Alternate use of symbols and words could cause confusion and impair task performance ®

1.3.49 Size
Icons and symbols should be large enough for the user to perceive the representation and discriminate
it from other icons and symbols.®

1.3.4-10 Highlighting
An icon or symbol that the user has selected should be highlighted ”

87
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1.3 Display Elements
1.3.4 lcons and Symbols

1.3.4-11 Labeling Icons

Icons should be accompanied by a text label.

ADDITIONAL INFORMATION: To the extent that it does not clutter or cause distortion of the icon, the label should be
incorporsted into the icon itself. When icons are designed such that the label is inside the icon, the number of perceptual
objects is reduced, resulting in enhanced processing of the label and the icon. The text label may be omitied for icons having
unambiguous meanings to users, ¢ g., standard P&ID symbology °

1.3.4-12 Labels for Control Option lpons

If icons are used to represent control action options, a label indicating the action should be associated
with the icon A®
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1 INFORMATION DISPLAY
1.3 Display Elements
1.3.5 Numeric Data

1.3.5-1 Number System
Numeric data should be displayed in the decimal, rather than binary, octal, hexadecimal or other
number system.©

1.3.5-2 Leading Zeros

Leading zeros in numeric entries for whole numbers should be suppressed.

ADDITIONAL INFORMATION: For example, 28 should be displayed rather than 0028. A leading zero should be provided
if the number is only a decimal, with no preceding integer (i.e., 0.43 mather than 43)°°

1.3.5-3 Maintaining Significant Digits
A number should be displayed at the number of significant digits required by users to perform their

tasks.
ADDITIONAL INFORMATION: Arbitrary conventions should not require that displays present more (or fewer) significant
digits than neccssary ®

1.3.5-4 Display Range

Numeric displays should accommodate the variable’s full range.

ADDITIONAL INFORMATION: The full range of the variable means highest and lowest values that the vanable 18 expected
to take on, under any conditions (normal operations, emergency operations, ete) for the tasks the display 1s designed to
wppoﬁ.l

1.3.5-5 Rate of Display Change
Digital displays should change slowly enough to be readabie.®

1.3.5-6 Direction of Change in Digital Display
If users must rapidly discern directional change, digital displays should be provided with arrows to

indicate the direction of change.
ADDITIONAL INFORMATION: Rapidly changing digital values are difficult to read, and directional indicators will heip the
operator interpret the direction of trend ®

1.3.5-7 Direct Display of Differences

If users must evaluate the difference between two sets of data, the difference should be presented on
the display.

ADDITIONAL INFORMATION: If it is important for the user to he aware of a discrepancy between two sets of data, the
difference should be highlighted on the display ©

1.3.5-8 Orientation of Numbers
All numbers should be oriented upright *
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1 INFORMATION DISPLAY |
1.3 Display Elements |
1.3.6 Scales, Axes, and Grids |

1.3.6-1 Numbering of Scales |
Numbers on a scale should increase clockwise, left to right, or bottom to top.* |

1.3.6-2 Scale Intervals
Nine should be the maximum number of tick marks between numbers.®

1.3.6-3 Scaling in Standard Intervals
Scales should have tick marks at 2 standard interval of 1, 2, S, or 10 (or multiples of 10) for labeled
divisions; intervening tick marks to aid visual interpolation should be consistent with the labeled scale

interval.
ADDITIONAL INFORMATION: Users will find it difficult to interpret scales based on odd intervals. It is nol advisable o
let the computer divide available scale space automatically if that results in a scale labeled in unfamiliar intervals such as 6 or
13. In special instances, the X-axis might be scaled in odd intervals to show customary divisions, such as the 12 months in a
y“r_A.D.E

1.3.6-4 Circular Scales
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.®

1.3.6-5 Axis Labels

Axes should be clearly labeled with a description of what parameter is represented by the axis.
ADDITIONAL INFORMATION: Labels should be displayed in upright orientation on both the X- and Y-axis for ease of
reading A-F

1.3.6-6 Edentification of Units of Measurement |
The units of measurement represented by the scale should be included in the axis label A*

1.3.6-7 Scaling Conventions
Conventional scaling practice should be followed, in which the horizontal X-axis is used to plot time

or the postulated cause of an event, and the vertical Y-axis is used to plot a caused effect.
ADDITIONAL INFORMATION: When the X-axis represents time intervals, the labeled scale points should represent the end
of each time interval. This consistent usage will aid interpretation of all data plots, including scatterplots, line graphs, and bar
charts A-D-E

1.3.6-8 Consistent Scaling

If users must compare graphic data across a series of displays, the same scale should be used for
each,

ADDITIONAL INFORMATION: Note that in many applications it may prove more effective to display data for COMpAnson
n & single combined chart, rather than requiring users to compare data across # 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 the same
scale has been used even when displayed scales are actually different from one another AC-F
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1.3 Display Elements
1.3.6 Scales, Axes, and Grids

1.3.6-9 Scales Consistent with Function

The scales should be consistent with the intended functional use of the data.

ADDITIONAL INFORMATION: For example, the monitoring of neutron flux at reactor trip must have a variable scale of 0
to 100% of the design value and a time scale reaslution of seconds. However, post-trip monitoring may have a variahle 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 P

1.3.6-10 Linear Scaling

A linear scale should be used for displayed data, in preference to logarithmic or other non-linear
methods of scaling, unless it can be demonstrated that non-linear scaling will facilitate user
interpretation of the information.

ADDITIONAL INFORMATION: Most users are more familiar with linear scales and will interpret linear scales more
accurately than other methods of scaling. However, since logarithmic scales show percentage change rather than anthmetic
change, they may be appropriate for some special applications *OF

1.3.6-11 Numeric Scales Start at Zero

When users must compare aggregate quantities within a display, or within a series of displays, scaling
of numeric data should begin with zero.

ADDITIONAL INFORMATION: Numencal scales generally should have zero at the bottom as the first number on a vertical
scale or at the left as the first number on a honzontal scale. The exceptions to this organization would be: &) if the numbers
are used for naming categories, b) if zero is not a possible number on the scale, or ¢) 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, APF

1.3.6-12 Display of Origin

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.
ADDITIONAL INFORMATION: When the data include negative values and the axes must extend in both directions from a
zero point, that origin should be displayed in the center of the graph A-F

1.3.6-13 Single Scale On Each Axis

Only a single scale should be shown on each axis, rather than including different scales for difterent
curves in the graph.

ADDITIONAL INFORMATION: Single-scale graphs will genemlly permit more accurate reading than graphs displaying
several scales. Many users will be confused by multiple-scale gmphs and make errors when interpreting them. Moreover, by
changing the relative scale factors of multiple-scale graphs it is possible to change mdically their apparent meaning and bias
interpretation by users A-C0-F

1.3.6-14 Scaling Against a Reference Index

If different variables on a single graph require different scales, they should be scaled against a
common baseline index, rather than showing multiple scales.

ADDITIONAL INFORMATION: Rather than showing power in megawalts and profits in dollars, both might be graphed in
terms of percent change from a baseline. An indexed chart can permit comparisons among different variables when multiple
scales would otherwise be needed. However, care should be taken in selecting an appropriate baseline against which to index,
in order to ensure that comparisons will not be biased. Index scaling may also be appropriate for showing the effect of & suigle
variable whose units of measurement change in real value with time AF
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1.3.6 Scales, Axes, and Grids

1.3.6-15 Indication of Scale
When a graphic display has been expanded from its normal coverage, some scale indicator of the

expansion factor should be provided **

1.3.6-16 Manual Rescaling
Users should be able to manually change the scale for the purpose ot mai~.aining an undistorted

display for different operating conditions.”

1.3.6-17 Indication of Automatic Rescaling

If the system is designed to automatically change scale, an alert should be given to the user that the
change is being made. ‘
ADDITIONAL INFORMATION: Automatic rescaling can lead to operator confusion if the change in scale is not recognized ©

1.3.6-18 Aids for Scale Interpolation

If interpolation must be made or where accuracy of reading graphic data is required, computer aids
should be provided for exact interpolation.

ADDITIONAL INFORMATION: It might suffice, for example, to allow users to request a fine gnd as an optional display
feature. It might be better to display vertical and honzontal rules that a user could move to intersect the axes of a chart. It
might provge beat simply to let a user point at any data item and have the computer label that item with a readout of its exact
value(s). ©

1.3.6-19 Unobtrusive Grids

When grid lines are displayed, they should be unobtrusive and not obscure data elements (e.g.,
curves, plotted points).

ADDITIONAL INFORMATION: Grid lines should be thinner than data curves, and should be invisible behind depicted
objects and arcas. Heavy vertical grid lines may conceal the height of plotted peaks. Electronic displays offer more flexibility
than printed graphs. Grids can be displayed or suppressed by user selection. For reading the value of a particular data point,
perhaps no gnid is needed at all. A user might simply ask the computer to display the value of any sclected point. AC-D-F

1.3.6-20 Numbering Grids
Graphs should be constructed so that the numbered grids are bolder than unnumbered grids.®

1.3.6-21 Discontinuous Axes

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 with the scale origin.

ADDITIONAL INFORMATION: Note, however, that a broken axis distorts the displayed value in relation to a base value
and s0 risks confusing users. In effect, a user will expect that a scale marked in regular intervals will continue in 8 consistent
fashion. If an axis must be broken, label that break clearly, perhaps with some indicator that extends across the displayed

M'A'D‘E

1.3.6-22 Duplicate Axes
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.
ADDITIONAL INFORMATION: Extreme data values may be located far from conventionally placed axes. When duplicate
axes are displayed at the top and right side, users will find it easier to read the extreme values A 7E
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1.3.6-23 Restricted Use of Three-Dimensional Scaling

Unless required, use of three-dimensional scales (i.e., where a Z-axis is added to the display) should
be avoided.

ADDITIONAL INFORMATION: Showing a Z-axis on a VDU display that is limited to two actual dimensions will confuse
many users. If three-dimensional scaling is employed, a consistent method of representation (e.g., isometric or orthographic
projection, perwpective drawing, or triangular coordinate grid) should be used. It is often possible in gmphic display to show a
third dimension through use of auxiliary coding (e.g., color or shape coding. or supplementary annotation), which may prove
more effective than trying to represent a third spatial dimeasion pictorially ¥
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1.3 Display Elements
1.3.7 Borders, Lines, and Arrows

1.3.7-1 Line Types

Meaningful differences between lines appearing in graphic displays, such as flow paths, should be
depicted by using various line types, e.g., solid, dashed, dotted, and widths.

ADDITIONAL INFORMATION: Three or four line types may be readily distinguished, and two or three line widths may be
readily distinguished A

1.3.7-2 Conventional Use of Arrows
In flow charts and other graphics displays, arrowheads should be used in a conventional fashion to
indicate directional relations in the sequential links between various elements ”*

1.3.7-3 Restricted Use of Borders

Unnecessary borders should not be used in the display
ADDITIONAL INFORMATION: Borders can add visual clutter to a display and add to information processing time. Borders
shouid only be used for functional purposes. such as to facilitate grouping.

1.3.7-4 Bordering Single Blocks
A border should be used to improve the readability of a single block of numbers or letters ®

1.3.7-5 Distinctive Borders Around Critical Information

If several labels or messages are clustered in the same area, distinctive borders should be placed
around the critical ones only.®
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1.3 Display Elements
1.3.8 Color

1.3.8-1 Conservative Use of Color

Where color is used for coding, it should be employed conservatively.

ADDITIONAL INFORMATION: Casual, arbitrary use of colors on every display may cause diaplays to appear "busy” or
cluttered. Casual use of color will also reduce the likelihood that significant color coding on particular displays will be
interpreted appropriately and quickly by a user A%F

1.3.8-2 Color Coding for Discrete Data Categories

When a user must distinguish rapidly among several discrete categories of data, a unigue color should
be used to display the data in each category.

ADDITIONAL INFORMATION: Color coding of discrete categories 18 particularly useful when data items are dispersed on s
display. With some display equipment now providing a wide mnge of different colors, designers may be tempted to explot
that capability by using many different colors for coding. The capability to display many colors may be useful for depicting
complex objects, and for providing tonal codes to show the relative values of a single variable.  However, such a capability s
not usefu! for coding discrete categories, except that it may allow a designer to select more carefully the particular colom to be
used ms codes A0F

1.3.8-3 Color Coding for Relative Values

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 variable.

ADDITIONAL INFORMATION: For example, in displaying tank depth, a saturated blue might be used to show the deepest
point, with gradually desaturated blues to show decreasing depth. Differences in color should not be used to represent
differences in quantitiea. For example, the color should not change from blue to red as volume inereases in the Refueling Water
Holdup Tank.®

1.3.844 Color Coding to Draw Attention

Brighter and/or more saturated colors should be used when it is necessary to draw a user’s attention
to critical data.

ADDITIONAL INFORMATION. Both intensity and saturation should be used to draw a user's attention to eritical dala
Although saturated and/or intense hues are useful for dmwing a user's attention, their overuse will result in a display which s
garish and difficult to view for long periods A¥

1.3.8-5 Color Selection

Colors for coding should be based on user conventions with particular colors.

ADDITIONAL INFOCRMATION: Color codes sh.uld conform to color meanings that already exist in the user's job. Color
codes employing different meanings will be much more difficult to use. Table | 3 provides general nuclear plant color
meanings ABE

1.3.8-6 Saturated Blue for Background Color

Saturated blue should only be used for background reatures in a display and not for critical data.
ADDITIONAL INFORMATION: Saturated blue symbols appear dimmer than others, and users have greater difficulty
focusing on satursted blue ¥
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Table 1.3. Associations and Related Characteristics for Colors Typically Used in Panel Design and
Related Applications in Nuclear Power Plants

Unsafe
Danger
Alarm state
Hot

Open/flowing'
Closed/stopped’

Attention-Getting

Value

Contrasts
Well With

Hazard

Caution
Abnormal State
Ol

Black
Dark Blue

Safe
Satisfactory
Normal state
Open/flowing'
Closed/stppped'

Light blue
(cyan)

Advisory
Aerated water
Cool

Dark Blue

I

Advisory
Untreated water

Poor

White

[ Magenta

Alarm state

Good

White

White

Advisory
Steam

Poor

Green
Black

Red

Dark blue
Magenta

Background

Poor

White
Light blue
Yellow

' Meanings associated with red and green colors differ, depending on past experience. Personnel with
previous fossil fuel plant experience typically associate an open/flowing state with red and a closed/stop state
with green, but reverse associations typically exist for personnel with previous Navy experience.
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1.3 Display Elements
1.3.8 Color

1.3.8-7 Easily Discriminable Colors

When selecting colors for coding discrete categories of data, those colors should be easily
discriminable.

ADDITIONAL INFORMATION: Table 1.4 identifies the wavelengths of colors that are easily discriminable. For example,
on a light background: red, dark yellow, green, blue end black -- on a dark background: desaturated red, green and blue,
plus yellow and white. If color coding is spplied to symbols that subtend small visu:l angles, which makes color perception
difficult, there will be a special need to limit the number of colors used. 1f colors are used for displaying text, care should be
taken 1o ensure that colored letters ar legible as well as discriminable A%

1.3.8-8 Unique Assignment of Color Codes

When color coding is used, each color should represent only one category of displayed data.
ADDITIONAL INFORMATION: Color will prove the domunant coding dimension on a display. If seversl different
categories of data are displayed in red, say, they will have an unwanted visual coherence which may hinder proper assumilation
of information by a user ©

1.3.8-9 Minimum Color Differences

When color coding is used for discriminability or conspicuity of displayed ir' rmation, all colors in
the set should differ from one another by a minimum of 40AE (CIE L*u*v*) distances.

ADDITIONAL INFORMATION: This approach will make available at least 7 to 10 simultaneous colors. Increasing ambient
tlluminance decreases color punty and, consequently, color discnminability. Accordingly, color measurements should be made
under the presumed ambient lighting conditions in which the display will be used. The discrnminability of pairs of colors
depends on their differences in chrominance and luminance. While an entirely satisfactory metric does not exist which
combines these attributes into & single assessment of total color difference, an estimate can be derived by calculating the
weighted difference between the locations of the colors in the 1976 CIE Uniform Color Space (CIE UCS L*u*v). Note that
this estimate should be used only to ensure discriminability of colors of relatively high luminance. Severe nonlinearities in the
UCS Limit the usefulness of this metric for colors having small luminance differences. In addition, the specification of small
color differences should be treated with caution due to the inherent lack of color uniformity on most CKTs.

For full color displays, the reference white can be taken as the white on the displey obtained with full-intensity red, D6500 K*
or 9300 K°. The difference formula is:

AE units (CIE L*u®v®) = [(L,* - L*) + (u* - u®)’ + (v, - v#p"*
where L* = [16(Y/Y,)'" - 16; 1.0 > Y/Y, > .01
ut = 13L*( 'y
v* = [3L* (v' - v'y)
uw =4X /(X + 15Y + 32)
v =9Y /(X #+ 15Y + 32)
u'y and v', are the UCS coordinates for the reference white derived from the 1976 UCS.
For reference white, D6500 K*u’;, = 1.98 and v';, = 468
For reference white, 9300 K°* 4+ 27 MPCD v’y = | Bl and v/, = 454
(MPCD = Minimum Perveptible Color Difierence)
Y is luminance in candein/meter’ Y, is the iuminance of the reference white.

NOTE: The 9300 K* + 27 MPCD (Minimum Perceptible Color Difference) located the white point at the intersection of the

15O temperature line for 9300 K* with the daylight locus. Y, in this use of the AE (CIE L*u*v*) distance metric is
defined differently than suggested by the CIE "
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1.3 Display Elements
1.3.8 Color

1.3.8-10 Color Contrast

For adequate legibility, colored symbols should differ from their color background by a minimum of
100 AE (CIE Yu'v’) distances.

ADDITIONAL INFORMATION: The legibility of characters in color on & colored background can be assessed with a metric,
AE (CIE Yu'v'), denived from the 1976 CIE UCS color diagram. As with the AE (CIE L*u*v) distances, caution should be
used in assessing iegibility for characters in colors having small luminance differences. This caution applies not only to
chamcters in color but also to small luminance differences in background colors and for very small luminance differences
between characters in color and background in coler. Unusually large or small characters may lead to erroneous estimates of
legibility. The elements required for the calculation are the luminance in ed/m’ (Y) and the UCS coordinates (u',v') of the text
and background.

The metric is as follows:

AE (Yu'v') = [(155 AY/Y ) + (367 Au'y + (167 av')’|"?

where Yy = the maximum luminance of text or background
AY = difference in luminance between text and background
Au’ = difference between u’ coordinates of text and background (see 1.3 8-9)
Av' = difference between v' coordinates of text and background (see 1.3.8-9).

NOTE: The values 155, 367, and 167 are empinically derived weights *

1.3.8-11 Redundant Color Coding

Color coding should be redundant with some other display feature,

ADDITIONAL INFORMATION: Displayed data should provide necessary information even when viewed on &
monochromatic display terminal or hard-copy printout, or when viewed by a user with color vision impairment AHE

1.3.8-12 Unplanned Patterns from Color Coding
Color coding should not create unplanned or obvious new patterns on the screen.”
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Table 1.4. Representative Set of Candidate Colors that Should be Considered for Use in Panel
Design and Related Applications

" Dominant Wavelength
| Color Name (in nanometers)

Red 610 5.0R/3.9/15.4
Yellow 582 3.3Y/8.0/143
Green 515 3.2G/4.9/11.1
{ Light blue (cyan) 494 2.7GB/7.9/6.0
Dark Blue 476 2.9PB/4.1/10.4
Magenta 430 6.5P/4.3/9.2
White 2.5PB/9.5/0.2
Black N/0.8/
LSS
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1.3 Display Elements
1.3.9 Size, Shape, and Pattern Coding

1.3.9-1 Limited Use of Size Coding

Size coding should be used only for applications where displays are not crowded.

ADDITIONAL INFORMATION: Size coding is achieved by varying the size of displayed alphanumerics, labels, and other
symbols.

1.3.9-2 Size Variations
A maximum of three size levels should be used. The major dimensions of the larger symbol should be
at least 150 percent of the major dimension of the smaller symbol.

ADDITIONAL INFORMATION: An increase in symbol height must usually be accompanied by u proportional increase in
width to preserve a constant aspect mtio and so facilitate symbol recognition. F

1.3.9-3 Size Coding Proportional to Data Value
When the symbol size is to be proportional to the data value, the scaled parameter should be the

symbol area rather than a linear dimension such as diameter.
ADDITIONAL INFORMATION: A user's judgement of the "size” of a symbol will correspond more closely to its area than
to its diameter ®

1.3.9-4 Geometric Area Coding
For area coding, the maximum number of levels should be six (preferably no more than three).®

1.3.9-8 Length Coding
For length coding, the maximum number of levels should be six (preferably no more than three).*

1.3.9-6 Establishing Standards for Shape Coding

When shape coding is used, codes should be based on established standards or conventional meanings.
ADDITIONAL INFORMATION: Coding with geometric shapes should be used to help users diseriminate different categories
of data on graphic displays. Although shape codes can often be mnemonic in form, their interpretation will generslly rely on
learned nssociation as well as immediate perception. Existing user standards must be taken into account, ™ D-E

1.3.9-7 Clearly Discriminable Shapes

Shapes used in coding for data groups should be clearly discriminable.

ADDITIONAL INFORMATION: For example, the elements of one group in a display might be tniangles and the elements of
a second group might be circles. Approximately 15 different shapes can be readily distinguished, provided the shapes are

properly designed ”

1.3.9-8 Simple Pattern Codes

When patterns are used to code displayed areas, simple rather than elaborate patterns should be used.
ADDITIONAL INFORMATION: To aid visual discrimination and identification, simple patterns, such s hatching, should be
employed rather than complex patterns ©

1.3.9-9 Darkest/Lightest Correspond to Extreme Values
Where patterns are used, values should be selected so that the darkest and lightest shades correspond
to the extreme values of the coded variable *

100



1 INFORMATION DISPLAY
1.3 Display Elements
1.3.10 Highlighting by Brightness and Flashing

1.3.10-1 Easily Recognizable Highlighting
Highlighting should be easily recognizable and be used to attract the user’s attention to active fields,
special conditions, or as a means to provide feedback *

1.3.10-2 Minimal Highlighting

Highlighting of information should be minimized.

ADDITIONAL INFORMATION: A rule of thumb for displays of nominal conditions ie to limit the maximum amount of
highlighting to 10% of the display information. If highlighting is to be used to attract the user's attention, the highlighting
technique should be distinctive. If a large portion of a dispisy is highlighted, the highlighting will no longer be distinstive. ©

1.3.10-3 Consistency
A particular highlighting method should be used consistently.”

1.3.10-4 Removing Highlighting

If highlighting is used to emphasize important display items, it should be removed when it no longer
has meaning.

ADDITIO:J:L INFORMATION: If highlighting identifies an error. that highlighting should be removed when the error is
corrected ™

1.3.16-5 Appropriate Use of Brightness Coding
Coding by differences in brightness should be used for applications that require discrimination

between only two categories of displayed items.
ADDITIONAL INFORMATION: Brightness should be treated as a two-vaiued code, bright and dim. For example, a data
form might diaplay dim labels and bright data items, in order to facilitate data scanning. Brightness coding should not be used

in conjunction with shape or size coding *F

1.3.10-6 Significance of Brightness Levels
High brightness levels should be used to signify information of primary importance, and lower levels
should be used to signify information of secondary interest.®

1.3.10-7 Brightness Coding Intensities

Levels approximating 33 percent and 100 percent of the display luminance should be used for
brightness coding.

ADDITIONAL INFORMATION: The intensities used should not be less than 6 ft-L (20 cd/m?®). Intensity coding should not
be used for displays with a maximum display luminance of less than 18 Al-L (60 cd/m’) or more than 29 fi-L (100 ed/m’?) B-F

1.3.10-8 Image Reversal

Image reversal should be used primarily for highlighting in dense data fields or to indicate selection
of on-screen objects and information ®
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1.3 Display Elements
1.3.10 Highlighting by Brightness and Flashing

1.3.10-9 Appropriate Use of Flash Coding
Flashing should be used when a displayed item implies an urgent n.2ed for user attention, but not in

displays requiring attention to detail or reading of text.

ADDITIONAL INFORMATION: An "off” condition should never be used to attract attention to & message. Flashing should
not be used as & means to highlight routine information. Flashing should only be used as an alerting/waming code. If used
sparingly, flashing symbols are effective in calling a user’s attention to displayed items of unusual significance. Flash coding
generlly reduces search times, especially in dense displays A®D%F

1.3.10-10 Flash Coding for Text
When a user must read a displayed item that is flash coded, an extra symbol such as an asterisk or
arrow to mark the item should be used, and the marker symbol should flash rather than the item

itself.
ADDITIONAL INFORMATION: This practice will draw attention to an item without detracting from its legibility. Flashing
chamcters may have somewhat reduced legibility, and may cause visual fatigue ADE

1.3.10-11 Small Area
Only a small area of the screen should flash at any time.*

1.3.10-12 Coding by Flash Rate

No more than two flash rates should be used.

ADDITIONAL INFORMATION: The differences between the two flash rates should be at least 2 Hz. The slow flash should
not be leas than 0.8 Hz and the fast flash rate should not be more than § Hz. The percentage of time that the image 15 "on”
should be greater than or equal to the time that it 1s "off.“ A 50 percent duty cycle is preferred ADEF

1.3.10-13 Flash Suppression
Event acknowledgement or flash suppression keys should be provided.*

1.3.10-14 Long-Persistence Phosphor Displays
Flashing should not be used with long-persistence phosphor displays ®
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1.3 Display Elements
1.3.11 Auditory Coding

1.3.11-1 Appropriate Use of Auditory Signals
Audio signals should be provided to warn 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.
ADDITIONAL INFORMATION: An alerting/waming system or signal should provide the operator with a greater probability
of doteetmg the iriggering condition than his normal observation would provide in the absence of the alerting/waming system or

"‘w'l.c

1.3.11-2 Signal Priority Distinction
Caution signals should be readily distinguishable from warning signals and used to indicate conditions
requiring awareness, but not necessarily immediate action.©

1.3.11-3 Association with Visual Warnings

Auditory alerts, as well as caution and warning sounds, should accompany visual displays.
ADDITIONAL INFORMATION: The audio signal should be used to alert and direct operator attention to the appropriate
visual display. ©P

1.3.11-4 Unique Signal-Event Association
Once a particular auditory signal code is established for a given operating situation, the same signal
should not be designated for some other display.®

1.3.11-5 Total Number of Simple Signals
If the audio signal varies on one dimension only (such as frequency), the number of signals to be
identified should not exceed four A

1.3.11-6 Use with Several Visual Displays
One audio signal may be used in conjunction with several visual displays, provided that immediate
discrimination is not critical to personnel safety or system performance.“

1.3.11-7 Confusible Signals

Audio warning signals that might be confused with other sounds in the operating environment should
not be used.

ADDITIONAL INFORMATION: Examples of such signals include trains of impulses that resemble electrical interference, or
signals similar to noise generated by air conditioning or other equipment. The frequency of & waming tone shouid be different
from that of the electric power employed in the system, to preclude the possibility that & minor equipment failure may generate
a spurious signal ©

1.3.11-8 Signal Compatible with Environment
The intensity, duration, and source location of the signal should be compatible with the acoustical
environment of the intended receiver as well as with the requirements of other personnel in the signal

ared.
ADDITIONAL INFORMATION: Audio signals should not startle listeners, add significantly to overall nowse levels, or
prevent communication among users A
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1.3 Display Elements
1

3
3.11 Auditory Coding

1.3.11-9 Turning Off Non-Critical Auditory Signals

Noncritical auditory signals should ve capable of being turned

ADDITIONAL INFORMATION: A umple nastent means of acknowledging

3

provided &

1.3.11-10 Indicating Who is to Respond
When the signal must indicate which user (of

'wh“m\i .hx" ‘r.l\:_‘\! 8

1.3.11-11 Frequency of Auditory Signals

The frequency of an audio signal should be within the range of 200 to 5000 Hz
between 500 and 3000 Hz

ADDITIONAL INFORMATION

CArI § MSEDONSC urve 1.€ tNe use

1.3.11-12 Signal Bending Around Obstacles
When an audio signal must bend around major obstac

should be less than 500 Hz

1.3.11-13 Detecting Small Changes in Intensity
When small changes in signal intensity must be detected, the gguency snould b rom 1000 t

e ’ &
4000 Hz "

1.3.11-14 Signal Travel Over 1000 ft

When an audio signal must travel over 1000 ft., its frequency '
1.3.11-15 High or Unknown Noise Environments

When the environment is unknown or expected t

have a shifti equency that passes through the entire n

1on 1
visUdl Sgfhal

1.3.11-16 Masking
Audio warning signi

mask anv other crit

1.3.11-17 Failure of Auditory Signals
I'he aud lispl

event of




1 INFORMATION DISPLAY
1.4 Dats Quality and Update Rate

1.4.1-1 Display Update Rate Requirements

The maximum update rate should be determined by the time required for the user to identify and
process the changed feature of the display.

ADDITIONAL INFORMATION: The minimum and maximum update rate should be determined by
the rate of change in the data, the requirements of the task, and the user’s ability to process the
information.“"

1.4,1-2 User Control of Display Update Rate
The user should be capable of controlling the rate of update.“”

1.4.1-3 Changing Values
Changing alphanumeric values which the user must reliably read should not be updated more often

than once per second.

ADDITIONAL INFORMATION: Changing values which the viewer uses to identify rate of change or to read gross values
should not be updated faster than 5 times per second, nor slower than 2 per second, when the display is to be considered as
real-time.©

1.4.1-4 Initial Erasure to Replace Changed Data
When the computer generates a display to update changed data, the old items should be erased before

adding new data items to the display.
ADDITIONAL INFORMATION: This practice will avoid any momentary user confusion that might result from seeing
portions of old data being overwritten and partially overlupped by new data

1.4.1-5 Display Motion
Items on a graphic display should not move faster than 60 degrees of visual angle per second, with 20

degrees per second preferred.
ADDITIONAL INFORMATION: During motion, gross visual attributes and spatial orientation are usually preserved while
small details may be lost or processing slowed. Perception of fast moving stimuli may be incomplete.”

1.4.1-6 Data Sampling Rate
The sampling rate for each critical plant variable should result in no meaningful loss of information in

the data presented.”

1.4.1-7 Time Delay
The time delay from when the sensor signal is sampled to when it is displayed should be consistent
with the user’s task performance requirements.”

1.4.1-8 Accuracy
Each variable should be displayed with an accuracy sufficient for the users to perform their tasks.
ADDITIONAL INFORMATION: The reviewer should determine the required accumey by means of task analysis or through

discussions with users. ¢

1.4.1-9 Data Verification for Critical Plant Variables
Redundant sensor readings should be compared before displaying the critical plant variable
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I INFORMATION DISPLAY
1.4 Data Quality and Update Rate

1.4.1-10 Analytical Redundancy
Analytical redundancy among different cri
ADDITIONAL INFORMATION: Analytical redun

sensors 1o validate the data from single sensors

¢

ical ;vls.l:f. parameters should be used
i

ANCY refers to the use ot mput m muitipie

1.4.1-11 Data Quality Display

I'he user should be informed when display data are not validated




I INFORMATION DISPLAY
1.5 Display Devices
1.5.1 Video Dispiay Units

1.5.1-1 VDU Resolution

The display should have adequate resolution; i.e., users can discriminate all display elements and
codes from maximum viewing distance.

ADDITIONAL INFORMATION: The Modulation Transfer Function Area (MTFA )is & measure of resolution; it should have a
value of at least 5. Thiz value may be directly developed from microphotometric measurements, or for monochrome VDU
displays, it may be estimated using as follows:

MTFA = 10A, where A = by, + bV, + bW, + byAg + VoA, + bWpAy + bluA, + byVaLuAg,

where b, = |.48 b, = 0.60 b, =-1.07 by =-1.62
b, =-0.17 by = 0.59 b, = 0.48 b, = 0.06

where  V, =Viewing Distance in meters (m), when 030 m < V, < 1.02 m,
Wy =the full width of the Gaussian spot at the half-amplitude point in mm, when 0.15 mm < W, < 0.76 mm,
Ay =logy, of the reflected luminance (in ed/m’) from the display sereen, when 0 < Ay < 1.7 (= 50 cd/m?), and
Ly =log of the peak display luminance (in cd/m?), when 1.3 (= 20 cd/m?) < LM < 2.54 (= 343 od/m?).F

1.5.1-2 VDU Contrast

The contrast ratio of the display should be greater than 3:1; a contrast ratio of 7:1 is preferred.
ADDITIONAL INFORMATION: Either display polarity - that is, dark chamcters on a light background - or light characters
on a dark background is acceptable provided it meets the requirements for resolution, percent raster modulation and percent
active area, luminance, and contrast. Contrast ratio is caleulated as follows:

CR = Lmax/Lmin
where
Lmax is the higher luminance of the background or of the charcter, and
Lmin is the lower luminance of the two.

These values include the contribution from ambient light.  Small characters, i e , characters between 10 and 17 minutes of arc
(3 and 5 mmd) should have minimum luminance modulation (M) of:

M=03+007020-8)

where S is the vertical size of the character set, in minutes of arc, and
Luminance modulation, M = (Lmax-Lmin)/(Lmax + Lmin)."

1.5.1-3 Flicker
The display should be "flicker free."®

1.5.1-4 Geometric stability

The display should be free of "jitter."
ADDITIONAL INFORMATION: Variations in the geometric location of a picture element should be no more than 0.0002
inch per inch (0.0002 mm per mm) of viewing distance over a period of one second.  This may be expressed as

VD x 00002 > (H* + Vi)**

where VD is the viewing distance _
H and V are the maximum excursions of picture clement centers, horizontally and vertically "
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1 INFORMATION DISPLAY
1.5 Display Devices
1.5.1 Video Display Units

1.5.1-5 Image Continuity
The display should maintain the illusion of a continuous image, i.e., users should not be able to

resolve scan lines or matrix spots.
ADDITIONAL INFORMATION: It does not matter if the mster is scanned or directly addressed ®

1.5.1-6 CRT Image Linearity
The display should be free of geometric distortion.
ADDITIONAL INFORMATION: Linearity, the horizontal displacement of a symbol position relative to the symbol positions
directly above and below the symbol position, should vary by not more than five percent of the symbol box height. The
vertical displacement of a symbol position, relative to the symbol positions to the right and left of the symbol position, should
vary by not more than five percent of the symbol box height. Nonlineanity of any column or row should be not more than two
percent of the length of the column or row. Lines and columns should be paraliel and orthogonal one to the other within the
limita of the lineanty requirement. This may be expressed as:
0.04 (Shorter edge/Longer edge) 2 |Diagonall/Diagonal2| - |
The size of a specific symbol anywhere on the display should not vary by more than 10 percent, regardiess of its location
within the imege area. This is expressed as follows:
2(b; - hp)/(h; + h) = 0.1 and 2(w, - w))/(w; + w,) < 0.1

where

h is the height of the symbol and

w i the width of the symbol.
When all the chamcter positions on the screen are filled with "Hs"” or "Ms" of the same character set, h, s the height of the
smalleat charscter, h, is the height of the largest chamcter, w, is the width of the smallest character, and w, 18 the width of the
largest chamcter, ¥

1.5.1-7 VDU Display Luminance

The display should have adequate iuminance.
ADDITIONAL INFORMATION: Either the character or its background, whichever 18 of higher luminance, should achieve a
juminance of at least 10 f-L (35 ed/m’) or more. The preferred display luminance 18 23 to 47 ft-L (80 to 160 ed/m?).®

1.5.1-8 Luminance Uniformity

All luminances that are supposed to be the same should appear the same.

ADDITIONAL INFORMATION: Luminance uniformity, the vanation from the center to the edge of the active area of the
display, should not vary more than 50 percent of the center luminance. Unintended luminance variations, within half a degree
of arc, caleulated from the design viewing distance anywhere on the display, should be less than 50 percent. For an intended
uniform Juminance, the variation in luminance from the center of the display to the edge or any portion thereof should not vary
by more than 50 percent of the center luminance. This measurement is to be made in a dark room.

1.5.1-9 VDU Controls

Frequently used controls should be easily visible and accessible to the VDU user from the normal
working position,

ADDITIONAL INFORMATION: The controls should be designed so that they are not accidentally actuated.  They should

give a clear indication of their furiction and current setting. A monochrome CRT display should have a means of controlling
luminance. *

1.5.1-10 VDU Luminance Control
A control to vary the VDU luminance from 10% of minimum ambient luminance to full CRT
luminance should be provided ©
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1 INFORMATION DISPLAY
1.5 Display Devices
1.5.2 Large Screen Displays

1.5.2-1 Controi of Critical Information Display
Control of large-screen group display systems should be such that critical information cannot be

modified or deleted inadvertently or arbitrarily.

ADDITIONAL INFORMATION: Control of changes in the display should be under the control of designated users who
operate according to pre-established procedures, upon command of a person in charge, or both. When an individual must make
changes that are of interest only to him or her, a separate, remote display (such as a console VDU) should be provided.©

1.5.2-2 Resoiution
Users should be able to resolve all important display detail at the maximum viewing position ©

1.5.2-3 Size of Characters
The height of letters and numerals should not subtend less than 15 minutes (4.5 mrad) of visual angle

as measured at the maximum viewing distance.
ADDITIONAL INFORMATION: In no instance should the height of letters and numerals subtend less than 10 minutes (3
mrad) as measured at the longest anticipated viewing distance.©

1.5.2-4 Contrast Pola ity
Contrast should be either light on a dark background or vice-versa, except where superposition is

used.

ADDITIONAL INFORMATION: For subtractive superposition (at the source), data should be presented as dark markings on
a transparent background. For additive superposition (at the screen), data should be presented as light markings on an opagque

background. Colored markings against colored backgrounds of comparable brightness should be avoided ©

1.5.2-5 Projected Display Luminance Ratio

The luminance ratio provided by the projection system should be adequate for the type of material
being projected.

ADDITIONAL INFORMATION: The contrast ratio is defined as image or subject luminance divided by the nonimage or
background luminance. Under optimal ambient lighting conditions, the contrast ratio for optically projected displays should be
500:1. Minimum contrast ratios are as follows: a) For viewing charts, printed text and other linework via slides or opaque
projectors the minimum contrast matio is 5:1.  b) For projections which are limited in shadows and detail, such as animation
and photographs with limited luminance mnge, the minimum contrast mtio is 25:1. ¢) For images which show a full range of
colors (cr gmys in black-and-white photographs), the minimum contrast ratio is 100:1.€

1.5.2-6 Projected Display Image Luminance
Image luminance and light distribution should be uniform. The luminance of the screen center at
maximum viewing angle shouid be at least half its maximum luminance.“

1.5.2-7 Minimize Keystone Effects

If projected displays are used, projector and screen should be arranged so as to minimize "keystone
effect,” i.e., distortion of projected data proportions due to non-perpendicularity between projector
and screen.©

1.5.2-8 Minimum Viewing Distance

The display should not be closer to any observer than 1/2 the display width or height, whichever is
greater.
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INFORMATION DISPLAY
Display Devices
.2 Large Screen Displays

U

1.5.2-9 Interruption of View
Large screen displays should be located relative to critical observers so that the view 1s not obscured

h}. other fc,a)[sh!

1.5.2-10 Seating Area

Off-centerline viewing should not exceed 10 degrees (175 mrad) for any workstation




1 INFORMATION DISPLAY
1.5 Display Devices
1.5.3 Printers and Plotters

1.5.3-1 Legibility
Print output should be free from character line misregistration, character tilt or smear.“

1.5.3-2 Contrast
A minimum contrast ratio of 4:1 should be provided between the printed material and the background
on which it is printed.©

1.5.3-3 llumination
The printer should be provided with internal illumination if the printed matter is not legible in the
planned operational ambient illumination.®

1.5.3-4 Visibility
When used for reai-time applications, the printed matter should not be hidden, masked or obscured in
a manner that impairs direct reading.“

1.5.3-5 User Annotation Capability
When used in real-time applications, printing devices should be mounted so that the users may write
on or mark the printed matter (e.g., paper, metalized paper) while still in the printer.©

1.5.3-6 Take-up Provision
A take-up device for printed material should be provided.“

1.5.3-7 Indication of Supply of Materials
A positive indication of the remaining supply of printing materials (e.g., paper, toner, ribbon) should
be provided.©

1.5.3-8 Smudging/Smearing
The hardcopy should be resistant to smudging or smearing when handled by users

1.5.3-9 Job Aids
Graphic overlays should be provided where these may be critical to proper interpretation of graphic

data as it is being generated.
ADDITIONAL INFORMATION: Such aids should not obscure or distort the data,©
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1 INFORMATION DISPLAY
1.5 Display Devices
1.5.4 Audio Display Devices

The guidelines for audio display devices are contained in Section 6.2 (Speech-Based Communication).
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2 USER-SYSTEM INTERACTION
2.1 General User Input Guidelines

2.1-1 Selection of Dialogue Types
The selection of dialogue types should be based on anticipated task requirements, user skills, and
anticipated system response time

ADDITIONAL INFORMATION: Duslogue types are related to task requirements [able

2.1-2 Consistent Procedures

Procedures for entering commands or information should be consistent in form and consequences
ADDITIONAL INFORMATION: Menu selection techniques, user input procedures, editing and error correction procedures
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Table 2.1. Dialogue Type Selection

and Form

Arbitrary control/data entry sequences
Poorly defined/broad interface definition

Unpredictable information retrieval
t\\hde range of control entries

Frequent control/transactions

Small/constrained command choice set

Complex control

Large command set

b et

Data entry flexibility needed

Little arbitrary data mnput

Slow computer response time

Fast computer response time

Highly tramed users

Moderately tramned users

Routine data entry
' Entry order constrained
|
|
|
I
i

Little traming




2 USER-SYSTEM INTERACTION
2.1 General User Input Guidelines

2.1-7 Unnecessary Entry of Information

A user should not be required to re-enter information already available to the system.

ADDITIONAL INFORMATION: A user should need to enter any particular information only once, and the computer should
access that information if needed thereafter for the same task or for different tasks Requiring re-entry of data requires
unnecessary effort on the part of users and increases the possibility of entry errors. The computer should automatically access
or compute information that can be derived from existing computer records AF

2.1-8 Availability of Information

Information necessary to accomplish a specific entry (e g., labels, annotations, prompts, options lists)
should be available to the user when that transaction action is appropriate.

ADDITIONAL INFORMATION: Required annotation will vary with the application. Some annotation may be so commonly
needed that it should be continuously displayed, e g , document name, page number, indication of control mode (if any), ete
Other annotation might be displayed only at user request, such as document status (date last changed, last printed, ete ) which
might be displayed in an optional window overlay, and format control chamcters which might be visible in an optional display
mode. For example, the user might wish to see format control charscters, such as tab and margin settings. ®

2.1-9 Logical Transaction Sequences
An information entry sequence should be designed so that its organization reflects the user’s view of

the task, and should provide all control options that may be required.

ADDITIONAL INFORMATION: A logical unit to the user is not necessarily the same as a logical unit of the computer
software that mediales the transaction sequence. It might be, for example, that a user should enter ten items of data in & single
transaction, because those data all come from one particular paper form, even though the computer will use five of those items
for one purpose and five items for another in its subsequent internal processing. A

2.1-10 Fiexible User Entry

Flexible means of entering information or commands should be provided so that users can accomplish
necessary transactions, and can obtain guidance as needed in connection with any transaction.
ADDITIONAL INFORMATION: The user should be able to go forward or back at will when scanning & multipage display

If user interface design permits only forwand steps, so that the user must cycle through an entire display series 1o reach &
previous page, that design is deficient ¥

2.1-11 Control by Explicit User Action

Users should be allowed to control the processing of information or commands by explicit action.
ADDITIONAL INFORMATION: The processing of an entry or the cancellation of an ongoing process should not occur &s &
mide effect of some other action. For example, when a user s keying an extended data entry, the computer should not interrupt
the user to require immediate conection of any entry error, but instead should wait for the user’'s ENTER action, Also, when
a user is composing & command to accomplish some transaction, the computer should not interrupt the user by responding as
soon as it recognizes a partial entry, but instead should wait for the user’'s ENTER action. In automated process vontrol
applications, emergency conditions may take precedence over current user transactions, and & computer-generated waming
might interrupt user actions. In routine, repetitive data entry transactions, successful completion of one entry may lead
automatically to initistion of the next. Computer detection of problems with current user entries can ususlly be negotiated at
the conclusion of a transaction, hefore it is implemented. Nondisruptive alarms or advisory messages can be displayed to
report computer monitoring of external events so that the user can choose when to deal with them "



2 USER-SYSTEM INTERACTION
2.1 General User Input Guidelines

2.1-12 Compatibility with User Expectations
The results of any entry should be compatible with user expectations, so that the system changes in a

"natural” way in response to user actions.

ADDITIONAL INFORMATION: The result of an entry should be consistent with the user's view of the system For
example, a control entry of NEXT PAGE should show the next frame of a current display, and should not jump off to some
other internally defined "page” in the computer's data base. When the completion of & control entry s indicated by a special
function key, that key should be labeled ENTER (or some functionally equivalent word) and should result in computer
acknowledgment of the entry ©F

2.1-13 Feedback for User Entries

The computer should acknowledge every entry immediately.

ADDITIONAL INFORMATION: For every entry action by the user there should be some obvious reaction from the
computer. The absence of computer response is not an acceptable means of indicating that ar entry is being processed
“Immediately” as used in this guideline must be interpreted in relution to the response time requirements of different dialogue
types. For example, execution of & requested transaction might produce an immediately apparent result, as when a user
requests NEXT PAGE and the next page is displayed. A message might indicate completion of a transaction, as when a user
requests a pristout at a remote facility and the computer displays a confirming message "RAD WASTE file has been sent to
printer”; or, a message might indicate that execution is in progress or deferred, as when a user enters data and the computer
displays an interim message "RAD WASTE file is being updated. " A message might indicate that the control entry requires
correction or confirmation, as when a user requests a file display and the computer displays an error inessage "RAD WASTE
file not recognized.” In a menu selection context, it may suffice simply to highlight the selected option label (e g, by
brightening or inverse video) when that would provide an unambiguous acknowledgment AP-¥

2.1-14 Periodic Feedback

When system functioning requires the user to stand-by, periodic feedback should be provided to
indicate normal system operation.

ADDITIONAL INFORMATION: In addition to the indication that the system has received the menu-based command,
feedback about completion of the command should also be communicated. Compietion of the action commanded by the menu
itern will be sufficient feedback, provided that the action has a result that is visible to the user. However, if the completion of
the menu item has no vigible result, the additional feedback that the command was completed should be communicated by a
message in the Message Arca ”

2.1-15 Indicating Completion of Processing

When processing in response to an entry is lengthy, the user should be given some positive indication
of subsequent completion. ‘

ADDITIONAL INFORMATION: Completion of the action commanded by the menu item will be sufficient feedback,
provided that the action has a result that is visible to the user. However, if the completion of the menu item hes no visible
result, the additional feedback that the command was completed should be communicated by & message. I a user is currently
involved in some new transaction, then completion of processing for a prior transaction should be indicated by nondisruptive

display of an appropriate advisory message. If the outcome of a completed transaction implies the need for further user action,
that should be indicated to the user F
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2 USER-SYSTEM INTERACTION
2.1 General User Input Guidelines

2.1-16 Indicating Control Lockout

If entries must be delayed pending computer processing of prior entries, then the delay should be
indicated to the user.

ADDITIONAL INFORMATION: If processing delay results in control jockout, this could be signaled by a change in the
appearance of the cursor, accompanied by an auditory signal. In some applications it may be desirsble to ensure that the
keyboard and other control devices are automatically locked until the user can begin & new transaction. This would be true
when processing the current transaction will affect the results of subsequent user actions. In other applications, it may be
possible to permit users to continue work while previous transactions are still being processed. Deletion or change of a
displayed cursor in itself may not be a sufficient indicator of keyboard lockout. Auditory signals wiil be particularly helpful to
a skilled touch-typist, who may not look at the display when transcribing data entries. Following control lockout, computer
readiness to accept further entries should be indicated to the user.®

2.1-17 Interrupt to End Control Lockout
In situations where control lockout does occur, an auxiliary means of control entry should be
provided, such as a special function key, to abort a transaction causing extended lockout

ADDITIONAL INFORMATION: Such an interrupt capability will be especially helpful if a user recognizes that an error has
been made and wants to stop an unneeded transaction, acting like an UNDO command ¥

2.1-18 Entry via Primary Display

When data entry is a significant part of a user's task, entered data should appear on the user’s
primary display.

ADDITIONAL INFORMATION: As a negative example, entry via typewriter is acceptable only if the typewriter itself, under
computer control, 1s the primary display medium. When the primary display is basically formatted for other purposes, such as
a graphic display for process control, a separste window or area on the display may have to be reserved for data entry. AF

2.1-19 Eatry of Corrections
The same explicit ENTER action should be required for entry of corrections as used for the original

entry *

2.1-20 Editing Capabilities During Text Entry

Users should be able to perform simple editing during text entry without having to invoke a separate
edit mode,

ADDITIONAL INFORMATION: While entering text, users should have some capability for text selection (by cursor
movement) and deletion (e.g., by use of destructive backspace). The intent of this guideline is not to endorse modeless over
moded text editors. In fact, when expenienced users perform editing tasks, a moded editor may offer some advantages.
However if a moded editor i provided, users should be able to do some simple editing such as correcting typographical errors
and making simple word changes without having to invoke that editor. When users wili compose text on-line, consider
providing & modeless editor rather than a moded editor. Modeless editors offer some advantages for text composition, when
users will frequently alternate between: text entry gnd editing AF

2.1-21 Entries Distinct from Text
If entries are made by keying onto the display, such as by keyed menu selections or commands, they

should be distinguishable from displayed text.
ADDITIONAL INFORMATION: The user should not be able to enter controls as text, or vice versa. Errors can be avoided
by having keyed entries made only in a reserved window in the display, or by using function keys rather than text entry AF
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2 USER-SYSTEM INTERACTION
2.1 General User Input Guidelines

2.1-22 Variable Length Data Area
Users should not have to remove unused underscores or otherwise enter keystrokes for each position
within a variable length entry area.*

2.1-23 Optional Versus Required Entry
Optional versus required data entries within fields on input forms should be distinct *

2.1-24 Display of User Annotations

Annotations added by users to displayed text should be distinguishable from the text itseif.
ADDITIONAL INFORMATION: This recormmendation refers to additions such as marginal notes on printed displays. Other
annotation such as format control characters might be shown in a special diaplay mode where text has been expanded to permit
annotation between lines.  For example, continuous annotation might be displayed in the top and/or bottom lines of a page,
separated from the text by blank lines; optional annotation might be displayed in window overlays **

2.1-25 Flexible Interaction Design
When info: mation or command entry requirements may change, some means for the user (or a system
administrator) to make necessary changes to available functions should be provided.

ADDITIONAL INFORMATION: Entry functions that may need to be changed include the types of dialogue that are provided,
procedures for transaction selection and interrupt, methods for context definition and error management, and alarm control.

2.1-26 Guidance Information
Users should be able to request guidance information regarding requirements for information of
command entry (e.g., syntax, parameters, options).“

2.1-27 Entry Procedures “¥a'ched to User Skill

The means of entering information or commands should be compatibie with user skills, permitting
simple step-by-step actions by beginners, but permitting more complex entries by experienced users.
ADDITIONAL INFORMATION: Most systems will have users with varying levels of experience. Any particular user may
become more expert with increasing experience, or perhaps less expert after a long period of disuse.  Accommodating users of
varying expertise requires a mixture of different d‘;alogue types, with some means for smooth transition from one mode of
dialogue to another. For instance, as & user comes to learn menu codes, s'he might be allowed to enter those codes without
necessarily displaying a menu, i.¢., those codes might also serve as commands.®

2.1-28 Stacked Control Entries

Users should be allowed to key a sequence of commands or option codes as a single "stacked" control
entry.

ADDITIONAL INFORMATION: In particular, users should be allowed to enter stacked entnies from any menu so that an
experienced user can maks any specific control entry without having to view subsequent menus. Control entry stacking may be
helpiul when a user is being prompted to enter a series of parameter vaiues, and knows what several succeeding prompts will
requesi and what values to znter. Control entry stacking will permit a transition from simple step-by-step control entry by
novice users, as in menu selection and question-and-answer dialogues, to the entry of extended command-language statements
by experienced users. Entry stacking is especially helpful in time-shared systems where computer response to any user entry
may be slow AF

2.1-29 Consistent Order in Entry Stacking
For control entry stacking, entries should be required to be in the same order as they would normally
be made in a succession of separate control entry actions.®
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2 USER-SYSTEM INTERACTION
2.1 General User Input Guidelines

2.1-30 Abbreviation in Entry Stacking

For control entry stacking, command names, their abbreviations, or option codes should be accepted
just as if those control entries had been made separately.

ADDITIONAL INFORMATION: In some apphications, it might prove helpful if the computer were o display its
interpretation of & stacked entry for user review and confirmation ¥

2.1-31 Minimal Punctuation of Stacked Entries
Users should be allowed to stack control entries without any punctuation other than spaces between
words or option codes.**

2.1-32 Standard Delimiter in Entry Stacking

If punctuation other than spaces is needed to separate entries in a stacked control entry, a single
standard symbol should be used for that purpose.

ADDITIONAL INFORMATION: A slash {/) is often used to separate stacked entries.  Whatever symbol s adopted as a
delimiter for control entries should preferably be the same as any delimiter that might be used when making data entnes.  Note
that even when a standard symbol is consistently used to punctuste stacked entries, entry will be slower and less accurate than
if only spaces are used for punctuation *¥

2.1-33 Distinctive Display of Control Information
All dispiays should be designed so that features relevant to user entries are distinctive in position
and/or format.

ADDITIONAL INFORMATION: Relevant features include displayed options, command entry areas, prompts, advisory
messages, and other displayed itema (titles, time signals, etc ) whose changes signal the resulis of user entries A

2.1-34 Displayed Context

If the consequences of a user entry will differ depending upon context established by a prior action,
then some continuous indication of current context should be displayed for reference by the user,
ADDITIONAL INFORMATION: The user should not have to query the system (o determine the current mode.  For example,
if activating a DELETE key establishes a mode, so that subsequent selection of a PAGE key will erase a page of data rather
than nimpl).f‘ advancing to display the next page, then some indication of that established DELETE mode should be displayed to
the user A-F

2.1-35 Consistent Display of Context Information
Information displayed to provide context for user entries should be distinctive in location and format,

and consistently displayed from one transaction to the next.
ADDITIONAL INFORMATION: The system should indicate current position within & sequence A"

2.1-36 Record of Prior Entries

Users should be permitted to request a summary of prior entries to help determine present status, and
should be allowed to review any parameters that are currently operative.

ADDITIONAL INFORMATION: Sununarizing prior entries will be particularly helpful in iasks where the sequence of user
actions 18 vanable, where a user must know what was done in order to decide what to do next. Summarizing pror entries may
not be needed for routine transactions if each step identifies its predecessors explicitly, although even in those circumstances a
user rny be distracted and st least momentarily become confused. A capability for parmeter review may likewise be helpful
even when & user selects all parameters personally *©
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2.1-37 Standard Display Area for Command Entry

A command entry area in a consistent location should be provided on every display, preferably at the
bottom.

ADDITIONAL INFORMATION: Adjacent to the command entry area there shouid be a display window reserved for
prompting entries, for recapitulation of command sequences (with scrolling to permit extended review), and to mediate
question-and-answer dialogue sequences (i.¢., prompts and responses to prompts) A C €

2.1-38 General List of Options

A general list of basic options should be provided and always be available to serve as a "home base”
or consistent starting point for user input.

ADDITIONAL INFORMATION: Retum to this starting point can be accomplished by an OPTIONS function key, or by an
explicit option on every display, or by a generally available implicit option. Such a capability may be helpful even when all
dialogue is user-initiated. It might be the general menu for & menu selection dialogue, or might be a standard starting point for
composing command entries. However a user should not be required to retum to a display of general options in order to make

an entry If a user remembers option codes or commands, ideally those entries could be made from any point in a transaction

sequence AF

2.1-39 Displaying Option Codes

When users must select options by code entry, the code associated with each option should be

displayed in a consistent and distinctive manner,
ADDITIONAL INFORMATION: In many applications an equal sign is used to designate option codes, such as N = Next
page, P = Prev page, etc ®

2.1-40 Organization and Labeling of Listed Options

The general options list should show control entry options grouped, labeled and ordered in terms of
their logical function, frequency and criticality of use, following the general guidelines for menu
design A*

2.1-41 Indicating Appropriate Control Options

Users should be provided a list of the control options that are specifically appropriate for any
transaction.

ADDITIONAL INFORMATION: Transaction-specific options might be listed in the working display if there is space for
them. Otherwise, they might be displayed in an overlay window at user request. Control options that are available for almost
any transaction should be treated as implicit options, which need not be included in a list of transaction-specific options unless
they are particularly appropriate to the current transaction ¥
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2.1-42 Only Available Options Offered

Only control options that are actually available for the current transaction should be offered to users.
ADDITIONAL INFORMATION: If certain options are not yet implemented, as during system development, or are not
available for any other reason, those should be annotated on the display **

2.1-43 Provide Further Available Action
Transactions should never leave the user without further available action and should provide next
steps or alternatives.

ADDITIONAL INFORMATION: A number of basic actions (e.g., "Continue”, "Abort", "Go to Main directory”, ete.) should
be available to users at any point in their interaction with the system

2.1-44 Prompting Command Entries

Users should be provided with whatever information may be needed to guide command entries at any
point in a sequence of transactions, by incorporating prompts in a display and/or by providing
prompts in response to requests for HELP AF

2.1-45 Control by Simultaneous Users
When several users must interact with the system simultaneously, control entries by one user should
not interfere with those of another.

ADDITIONAL INFORMATION: This requires careful interface design for applications where joint, coordinated actions must
be made by & group of users. **

2.1-46 Highlighting Selected Data

When a user is performing an operation on some selected display item, that item should be
highlighted.

ADDITIONAL INFORMATION: This practice will help avoid error, if a user has misunderstood or perhaps forgotten which
item was selected AF

2.1-47 User Control of Processing

Users should be allowed to control processing of a command or request.
ADDITIONAL INFORMATION: In most applications, & user should be able to intesrupt or terminate processing onee it has
been initiated. The functions in Table 2.2 should be provided (as appropriate to task requirements) AR
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Table 2.2. Functions for the Control of Processing Commands

Application Example N

i END conclude a repetitive sequence of in a repetitive sequence of data entries,
actions where completing one transaction cycles
automatically to begin the next, END
might break the cycle and permit the user
to select other transactions
PAUSE/ interrupt and later resume a a user might interrupt a current task to
CONTINUE | sequence of transactions without read an incoming message
any change to data entries for the
interrupted transaction.
SUSPEND preserve current status when a user | a user might postpone completion of a
ieaves the system, and permit task until needed data become available

resumption at that point when the
user later logs back onto the system
b

2.1-48 Distinctive Interrupt Options
If different kinds of user interrupt are provided, each interrupt function should be designed as a
separate control option with a distinct name.
ADDITIONAL INFORMATION: The means of invoking internupt functions should be clear to the user. For example, it is
undesirable to have u single INTERRUPT key which has different effects depending upon whether it 1s pushed once or twice,
Users would be confused by such an expedient and uncertain about what action has been taken and its consequences. A¥

2.1-49 User Transaction Interrupts
User interrupts and aborts should not modify or remove stored or entered data.*

2.1-50 User Control of Entry

Users should be aliowed to control the pace and sequence of their entry of information or commands.
ADDITIONAL INFORMATION: The functions in Table 2.3 should be provided (as appropriate to task requirements). At
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Table 2.3. Functions for the Control of Entering Information

Function Result Appiication Example
CANCEL erase any changes just made by | correction of erroneous input prior to actually
the user and restore the current entering the information in a data file
display to its previous version
BACKUP return to the display for the last | in a sequence of related data entries, on several
previous transaction display frames, return to the previous frame,
where data items could then be erased or could
l be edited individually
REVIEW return to the first display in a in a sequence of related data entries, on several
defined transaction sequence, display frames, return to the first frame, from
permit the user to review a which data could be reviewed and edited as
sequence of entries and make needed throughout the sequence of frames
| necessary changes
RESTART | canceling any entries that have in a sequence of related data entries on a form-
been made in a series of entries | filling display, erase all data entries and return
and returning to the beginning to the first field on the form
of the sequence
L g

2.1-51 User-Specified Transaction Timing
When appropriate to task requirements, users should be allowed to specify the timing of transactions.
ADDITIONAL INFORMATION: Users should be able to specify when 8 requested transaction should start or should be
completed, or to schedule the periodic transactions. In many applications users will wish specified transactions performed as
quickly as possible. In some applications, however, users may have good reasons to delay initiation (or completion) of
transactions. For example, a user might wish to speeify that a requested data analysis routine be deferred until some later time,
to ensure that interim updates to the data will be taken into account AF

2.1-52 Indicating PAUSE/SUSPEND Status
If PAUSE or SUSPEND options are provided, some indication of the status should be displayed

whenever such an option is selected by a user.
ADDITIONAL INFORMATION: If appropnate (i.¢., for a paused transaction), the action that will permit resumption of the

interrupted transaction should be indicated to the user.
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2.1-53 Consistent CONTINUE Option

At any step in a defined transaction sequence, if there is only 4 single appropriate next step, then a
consistent control option to continue to the next transaction should be provided .

ADDITIONAL INFORMATION: CONTINUE or NEXT or STEP are all suitable names for this option.  If data entry 1s
involved, then users should be required to take an explicit ENTER action to signal data entry, mther than simply selecting
CONTINUE AF

2.1-54 Data Manipulation
The user should be able to manipulate information without concern for internal storage and retrieval

mechanisms of the system.
ADDITIONAL INFORMATION: The USI should contain sufficient memory to accommodate the user’'s requirements. A

2.1-55 Default Values

When likely default values can be defined for the information to be entered in a particular task, those

default values should be offered to speed entry.

ADDITIONAL INFORMATION: When defauits are defined that may vary from one transaction to another, users should be

informed of the current default logic. For example, "Press ENTER (o see more options " If a consistent default is adopted

throughout interface design, that default need not be explicitly indicated for each individual transaction. Here the phrase "null

control entry” refers to pressing an ENTER key without first keying a command or option code (and without any accompanying

data). It does not refer to defaults for optional pamameters that might accompany a valid control entry, whose values might be

displayed only at user request. [t is not necessary that any defaults be defined for null control entries. In such cases, the

computer might simply respond “ENTER alone 1s not recognized here *F |

2.1-56 Display of Default Values

At the start of an input transaction, currently defined default values should be displayed in their
appropriate data fields.

ADP"IOBNAL INFORMATION: [t may be helpful to mark default values in some way to distinguish them from new dai.
entries

2.1-87 Easy Confirmation to Enter Default Values

Users should be provided with some simple means to confirm acceptance of a displayed default value.
ADDITIONAL INFORMATION: Similar techniques, e.g., tabbing past the default field, should be used when a user must
review the accuracy of previously entered data A®

2.1-58 User Definition of Default Values

Users should be permitted to define, change or remove default values for any input field.
ADDITIONAL INFORMATION: Users should be allowed to replace any default value with a different entry, without thereby
changing the default definition for subsequent transactions *F
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2.1-5% Indicating Control Defaults
When keyed command or option code entries are used and a default is defined for a null control
entry, the default should be indicated to the user.

2.1-60 Single Method for Input

Input transactions and associated displays should be designed so that a user can stay with one method
of entry, and not have to shift to another,

ADDITIONAL INFORMATION: As a positive example, minimize shifts from lightpen to keyboard entry and then back

again. As a negative example, a user should not have to shift from one keyboard to another, or move from one work station to
another, to accomplish different input tasks AF

2.1-61 Upper and Lower Case Equivalent
For interpreting user-composed control entries, upper and lower case letters should be treated as
equivalent.

ADDITIONAL INFORMATION; Users find it difficuit to remember whether upper or lower case letiers are required, and so
the interface design should not try to make such a distinction ®

2.1-62 Justification of Entries
Unless otherwise required by processing or display requirements, alpha input should be left justitied,
and numeric input should be right justified for integer data or decimal point justified for decimal data.

ADDITIONAL INFORMATION: Optional entry or omission of a decimal point at the end of an integer should be allowed as
equivalent alternatives. *

2.1-63 Automatic Justification of Entries

Automatic justification of tabular data entries should be provided.

ADDITIONAL INFORMATION: A user should not have to enter blanks or other extraneous formatting charcters to achieve
proper justification. For example, if a user enters "56" in a field four characters long, the system should not interpret "56
_ " 88 "5600". For general numeric data, optional entry or omission of leading zeros should be allowed as equivalent
alternatives. If a user enters "56” in a field that is four characters long, the system should recognize that entry rather than
requiring an entry of "0056". Special cases may represent exceptions to this rule, such as entry of serial numbers or other
numeric identifiers A€

2.1-64 Maintaining Significant Zeros

When a user must enter numeric values that will later be displayed, all significant zeros should be
maintained.

ADDITIONAL INFORMATION: Zeros should not be arbitrarily removed after a decimal point if they affect the meaning of
the number in terms of significant digita **

2.1-65 Significance of Numeric Values

Numeric values should be displayed to level of significance required of the data regardless of the
value of individual input data *
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2.1-66 Overwriting Characters

Data entry by overwriting a set of characters within a field should be avoided.
ADDITIONAL INFORMATION: If a user chooses to alter the contents of & field, the displayed previously existing entry
(e.g., & default value or label) should be cleared from the input field *
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2.2.1-1 Layered Command Language

A command language should be designed so that its functions are organized in groups (or “layers”)
for ease in learning and use.

ADDITIONAL INFORMATION: A user should be able to display the next of a set of received messages with some simple
command such as READ NEXT, although a complete command to retrieve any message might include potential specification of
which message, from which message list, in which format, to which output device. The fundamental layer of the language
should be the casicet, allowing use of the system by people with little training and/or limited needs. Successive layers of the
command language can then increase in complexity for users with greater akills. In effect, simple versions of commands can
be recognized by defwlung all of the optional parameters. Control forms might be used to display default options for
complicated commands A ©¥

2.2.1-2 General List of Commands

A general list of basic commands, with appropriate command format guidance, should be provided to
serve as a "home base" or consistent starting point for composing command entries.

ADDITIONAL INFORMATION: Such a general list of commands might provide more comprehensive user guidance than is
possible when prompting command entry from a working display *

2.2.1-3 Distinctive Meaning for Commands
Words in a command language should be distinctive from one another, and emphasize significant
differences in function.

ADDITIONAL INFORMATION: In general, commands should not have semantically similar names, such as SUM and
COUNT, or ERASE and DELETE, or QUIT and EXIT “¥

2.2.1-4 Distinctive Spelling for Commands

Words and abbreviations in a command language should have distinctive spelling, so that simple
spelling errors will be recognized as such rather than invoking a different command.

ADDITIONAL INFORMATION: If one command name is DELETE, abbreviated DEL, then another command should not be
named DELIVER, with an abbreviation of DELR. Instead, ERASE could be substituted for MELET'., or SEND for
DELIVER. When a system has only & few commands, all of those commands should be distinctivi ~ When a system has many
commands, it may not be possible to ensure that each is distinctive. In that case, it 18 important o en.vire that any commands
which are destructive or time-consuming are made distinctive ©¥

2.2.1-5 Abbreviation of Commands

Users should be allowed to abbreviate commands.

ADDITIONAL INFORMATION: Users should be required to enter only as many characters as needed to umquely identify the
desired command. For example, if a "P” uniquely identifies a print command {i.¢., no other commands start with “P") then a
user should be able to enter PRINT, or PR, or P to initiate printing * ¥

2.2.1-6 Recognizing Command Synonyms
The computer should recognize a variety of synonyms for each word defined in the command

language.
ADDITIONAL INFORMATION: The synonyms that are likely to be used can be determined by analysis of error records in

prototype testing. This flexibility can allow mfrequen( users to interact with a system more efficiently. The user may be
required to verify commands recognized in this way
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2.2.1-13 Standard Delimiter

If command punctuation other than spaces is required, a single standard delimiter symbol should be
used for that purpose.

ADDITIONAL INFORMATION: Command punctuation other than spaces may be required as a delimiter to distinguish
optional parameters, or to sepamate entries in & stacked command. For example, a slash (/) might be a good choice. Whatever
symbol is adopted as a delimiter for command entrnes should preferably be the same es any delimiter that might be used when

making dats entries. MNote, however, that even if some single delimiter is specified for consistent use in command punctuation.,

command entry will be slower and less accurate than if no delimiter at all were required ®
2.2.1-14 Graphic Examples in Guidance Information

Where possible, guidance information should be accompanied with graphic exampies of command
content and syntax.“
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2.2.2-1 Logical Ordering of Menu Options

Menu options should be ordered and grouped logically.

ADDITIONAL INFORMATION: If no logical structure is apparent, then the options should be displayed in order of their
expected frequency of use, with the most frequent lListed first. When applicable, a menu should indicate logically related groups
of options, rather than an undifferentiated string of alternatives. For example, in vertical listing of options, subordinate
categories might be indented. Logical grouping of menu options will help users leam system capabilitics. When logical
grouping requires a trade-off against expected frequency of use, that trade-off should be resolved consistently for those
functions throughout the menu structure. Where ordering cannot be determined by the above, alphabetic ordering should be
M.A.C.D.E

2.2.2-2 Labeling Grouped Options

If menu options are grouped in logical subunits, each group should have a descriptive label that is
distinctive in format from the option labels themselves.

ADDITIONAL INFORMATION: Although this practice might sometimes seem to waste display space, 1t will help provide

user guidance. Moreover, careful selection of group labels may serve to reduce the number of words needed for individual
option labels.”F

2.2.2-3 Hierarchic Menus for Sequential Selection

When menu selection must be made from a long list, and not all options can be displayed at once, a
hierarchic sequence of menu selections should be provided rather than one long multipage menu.
ADDITIONAL INFORMATION: Where & long list is already structured for other purposes, such as a list of customers, a
parts inventory, a file directory, ete , it might be reasonable for the user to be required to scan multiple display pages to find a
particular item. Even in such cases, however, an imposed structure for sequential access may prove more efficient, as when a
user can make preliuninary letter choices to access a long alphabetic list. Beginning users may leam faster and understand
better 4 menu permitting a single choice from all available options, when those can be displayed on one page. However, a
single long menu that extends for more than one page will hinder leaming and use AF

2.2.2-4 Consistent Design of Hierarchic Menus
The display format and selection logic of hierarchic menus should be consistent at every level A"

2.2.2-5 Labeling in Hierarchic Menus

Hierarchic menus should be organized and labeled to guide operators within the hierarchic structure.
ADDITIONAL INFORMATION: Operators will learn menus more quickly if a map of the menu structure is provided as
HELP ®

2.2.2-6 Menu Selection by Keyed Entry

When menu selection is a secondary (occasional) means of control ertry, and/or only short option
lists are needed, then selection by keyed entry should be provided.

ADDITIONAL INFORMATION: An option might be relected by keying an associated code which is included n the displayed

menu listing. Alternatively, if menu labels can be displayed near a screen margin, then an option might be selected by pressing
an adjacent multifunction key AF
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2.2.2-7 Explicit Option Display

When control entries for any particular transaction will be selected from a small set of options, those
options should be displayed in a menu added to the working display, rather than requiring a user to
remember them or to access a separate menu display.

ADDITIONAL INFORMATION: A compiete display of control options will sometimes leave little room for display of data.
if an extensive menu must be added to a working data display, that menu should be provided as a separate window that can
temporarily overlay displayed data at user request, but can then be omitted again by further user action &

2.2.2-8 Systematic Organization of Items on Menu Bar

The categories listed across the menu bar should be organized systematically.

ADDITIONAL INFORMATION: Conventions should be established for the organization of the menu bar. For example, the
categories on the left side of the menu bar might be system functions that apply across ali (or most) applications. The
categories on the right side of the menu bar might be those that are specific to the currently-active application. Within this
general spatial layout, both the system-wide and specific categories would be ordered from left - the category containing the
most frequently used actions - to right -- the category containing the least frequently used P

2.2.29 Category Labels on Menu Bar

Category labels on menu bars should 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,
1.e., by at least two standard character widths.

ADDITIONAL INFORMATION: One standard character width would be required to separate adjacent words in a multiword
category. To indicate separate categories, more than one width would be needed P

2.2.2-10 Height of Menu Bar
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.”

2.2.2-11 Consistent Display of Menu Options

When menus are provided in different displays, they should be designed so that option lists are
consistent in wording and ordering.

ADDITIONAL INFORMATION: As a negative exampie, if +PRINT s the last option in one menu, the same print option
should not be worded +COPY at the beginning of another menu. AP

2.2.2-12 Standard Area for Code Entry

When menu selection is accomplished by code entry, a standard command entry area (window) should
be provided where users enter the selected code.

ADDITIONAL INFORMATION: That entry area shouid be in a fixed location on all displays. In a customary terminal
configuration, where the display is located above the keyboard, command entry should be at the bottom of the display, in order
to minimize user head/eye movement between the display and the keyboard  Expenenced users might key coded menu
selections in a standard area iclentified only by its consistent location and use. If the system is designed primanly for novice
users, however, that entry arca should be given an appropriate label, such as “ENTER chaice here: A€ PE

2.2.2-13 Consistent Location for Menus

Menus should be displayed in consistent screen locations for all modes, transactions, and sequences.
ADDITIONAL INFORMATION: This applies to pop-up, pull-down, and windowed menus, and to menu bars ©
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2.2.2-14 Menu Options Worded as Commands
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2.2.2-21 Return to Higher-Level Menus
Users should have to take only one simple key action to return to the next higher level in hierarchic

menus.
ADDITIONAL INFORMATION: This action could be considered anelogous to the BACKUP option, AC:0 &

2.2.2-22 Indicating Current Position in Menu Structure

When hierarchic menus are used, the user should have some indication of current position in the
menu structure.

ADDITIONAL INFORMATION: One possiSle approach would be to recapitulate prior (higher) menu selections on the
display. If routine display of path information seems to clutter menu formats, then & map of the menu structure might be
provided at user request as &8 HELP display A-C-F

2.2.2-23 Distinct Subordinate Menus
If hierarchical branching is used, each subordinate menu should be visually distinct from each
previous superordinate menu. Examples include the display of level numbers, a graphical stacking

effect, etc.
ADDITIONAL INFORMATION: Successful user operations depend on a knowledge of context. The user needs to know the
levels from which the current display menu came and how far down in the hierarchy the current menu is ©

2.2.2-24 Control Options Distinct from Menu Branching

The display of hierarchic menus should be formatted so that options which actually accomplish
control entries can be distinguished from opticns which merely branch to other menu frames.
ADDITIONAL INFORMATION: In some applications, it may prove efficient to design "hybrid" menus which display one
branch of the menu hierarchy elaborated to include all of its control options while other branches are simply indicated by
summary labels. In such & hybrid menu, it will help orient users if options that accomplish control actions are highlighted in
some way to distinguish them from options which will result in display of other frames of the hierarchic menu AF

2.2.2-28 Consistent Entry Prompt

When permanent menus are used, there should be one standard design for the input prompt that is
used across all tasks.

ADDITIONAL INFORMATION: A consistent prompt unambiguously indicates the need for user input. For example,
"ENTER CHOICE: _ " "

2.2.2-26 Permanent Menus Minimized

The use of permanent menus should be minimized.

ADDITIONAL INFORMATION: Permanent menus require dedicated display space and more paging activity (because the
application must vetumn the user to the main menu page at every task change). However, permanent menus might be used (1)
whenever it is beneficial to examine every option in detail, {2) when the amount of text in each menu item is large, or (3) when
there is no pointing device available ©

2.2.2-27 Activation of Pull-down and Pop-Up Menus
Pull-down and pop-up menus should be activated only by a specific user action that requests the

display of the menu.
ADDITIONAL INFORMATION: Menus should not appear simply because the cursor has passed over the menu title P
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2.2.2-28 User Requested Menus: Pull-Downs and Pop-Ups

User requested menus should be used whenever possible.

ADDITIONAL INFORMATION: Among the types of user-requested menus, pull-down menus provide two advantages over
pop-up menus: (1) the menu bar serves as a useful mnemonic aid, showing the user the command categories available in the
menu, and (2) gaining visual access to the menu items within a cateo lecting the item, and removing the menu can be
accomplished with & minimal number of actions. The primary adv: i pop-up menu over a pull-down menu 15 that,
depending on the specific implementations, the user may have immicdiate uwcess to the menu at the screen location of the
selection action. The ideal user-requested menu design would provide the user with & reminder of the menu categories and
allow the user to select an item with few actions and little movement of & cursor on the screen. ”

2.2.2-29 Hiding Menus After Selection of an Item
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 carried out.”

2.2.2-30 Programmable Keys
If menu items are selectable via activation of programmable function keys, the arrangement of the
menu list should be compatible with the arrangement of the keys to the greatest degree possible.”

2.2.2-31 Menu Color
The same color for menus should be used within the same group.®

2.2.2-32 Explanatory Title for Menu
An explanatory title should be provided for each menu that reflects the nature of the choice to be
made.

ADDITIONAL INFORMATION: EXAMPLE: (Good) Organizational Role: r = Responsible, a = Assigned, p =
Performing. (Bad) Select: r = Responsible, a = Assigned p = Performing ©

2.2.2-33 Letter Codes for Menu Selection

If menu selections are made by keyed codes, each code should be the initial letter or letters of the
displayed option label, rather than assigning arbitrary letter or number codes.

ADDITIONAL INFORMATION: Meaningful (as opposed to arbitrary) codes will facilitate leaming and reduce errors. For
example, m = Male, I = Female is preferable to | = Male, 2 = Female. Options might be numbered when a logical order

or sequence is implied. When menu selection is from & long list, the line numbers in the list might be an acceptable alternative
to letter codes ACF

2.2.2-34 Complete Display of Menu Options

A menu should be designed to display all options appropriate to any particular transaction.
ADDITIONAL INFORMATION: A familiar set of general control options {(i.¢., options that are always implicitly available)
may be omitted from individual displays. Such general options might be selected by requesting a general menu, or perhaps by
function key or command entry AF

2.2.2-35 No Scrolling in Menus or Menu Bars

All menu items should be visible to the user without scrolling.

ADDITIONAL INFORMATION: This guideline applies to permanent menus as well as pop-up or pull-down menus and menu
bars. The number of categories listed on the menu bar should not exceed the length of the bar, V
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2,2.2-36 Menu Options Dependent on Context

A menu should be designed to display only those options that are actually available in the current
context for a particular user.

ADDITIONAL INFORMATION: If a user selects a displayed option, and is then told that option is not actually available, an
undesirable element of unpredictability has been introduced into the interface design. Users may become uncertain and
confused about command entry AC-¥

2.2.2-37 Return to General Menu

Users should have to take only one simple key action to return to the general menu at the top level in
hierarchic menus.

ADDITIONAL INFORMATION: The user should not have to backtrack to retumn to the starting level in & hierarchical menu

systern. This capability can be provided by dedicating a progmm function key, touch field, or a cursor entry field to display the
main menu. This action could be considered analogous to the REVIEW option A 86D

2.2.2-38 Stacking Menu Selections

Users should be able to combine a series of selections into a single "stacked" entry.

ADDITIONAL INFORMATION: If necessary, stacked sequential entries might be separated by some character, such as a
space, slash, comma or semicolon. It would be preferable, however, if they were simply strung together without special
punctuation. Computer interpretation of an unpunctuated string will require letter codes (by preference) or fixed-digit number
codes for option selection. ©P €

2.2.2-39 By-Passing Menu Selection with Command Entry
Experienced users should be able to by-pass a series of menu selections and make an equivalent

command entry directly.

ADDITIONAL INFORMATION: In effect, a command entry might specify an option anywhere in a hierarchic menu
structure, permitting a user (o jurap down several levels, or to move directly from one branch to another. If a command
by-passes only a portion of the complete menu sequence, and so does not yel specify a complete control entry, then the
appropriate next menu should be displayed to guide completion of the control entry ACE

2.2.2-40 Menu Selection by Pointing

When menu selection is the primary means of command entry, and especially if choices must be made
from extensive lists of displayed control options, option selection by direct pointing should be
provided.

ADDITIONAL INFORMATION: If a capability for direct pointing is not provided (e g., if pointing involves separate
manipulation of a mouse, or cursor positioning by key action), then for long menus it may prove faster to permit menu
selection by keyving associated option codes. Pointing directly at a displayed option guarantees good display-control
compatibility, Users do not have to note associated option codes and enter them by key actions,©F

2.2.2-41 Acknowledgement of Selection from Keyboard
When a menu item is chosen by a keyboard entry there should be some acknowledgement from the

system that the item has been chosen.
ADDITIONAL INFORMATION: Acknowledgement that an item has been chosen 1s often indicated by highlighting the menu
item ©

2.2.2-42 Function of Menu Should Be Evident
Menus should be designed so that the function of the menu is evident to the user.”
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2.2.243 Single-Column List Format

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,

ADDITIONAL INFORMATION: Displaying options in several columns may be used where shortage of display space dictates
a compact format. If there are only & few options, those might be displayed in & single row. An exception could be made for
hierarchic menus, where a high-level menu might be shown in the left column of a display, accompanied by a lower-level menu
in the right column whose options change to reflect whatever selection is currently made from the high-level menu. A single
column format will aid scanning,’ especially for novice users, AC-0F

2.2.2-44 Single Selection Per Menu
Each menu display should permit only one selection by the user A"

2.2.2-45 Non-Selection of Conflicting Menu Items

Users should not be able to select menu items that are in conflict.

ADDITIONAL INFORMATION: Menu items that are in conflict might be, for example, two different font sizes in & text
input task. Users should, however, be able to select multiple menu items that are not in conflict (¢ g . a font size and font type
in text input). Each menu item selection would be a separate transaction with the syatem P

2.2.2-46 Non-Selectable Menu Items
When menu items are not selectable they should be i” tified as such to the user.”

2.2.2-47 Menus Distinet from Other Displayed Information

If menu options are included in a display that is intended also for data review and/or data entry, the
menu options should be distinct from other displayed information.

ADDITIONAL INFORMATION: Menu options should be located consistently in the display and incorporate some consistent
distinguishing feature to indicate their special function, perhaps beginning with a special symbol such as a plus sign ( +NEXT |
+BACK , etc ). “Embedded menus,” in which various items within a working display are highlighted in some way to indicate
that they can be selected to obtain further information, may also be used®®

2.2.2-48 Breadth and Depth of Menu Items

Menus should have a limited number of items in breadth and in depth.

ADDITIONAL INFORMATION: Moderate menu breadth (e.g., number of menus in a menu hierarchy, number of menu
categories in a menu bar, or number of pop-up menus) and depth (e.g., number of items per menu or, in menu bars, per menu
calegory) should be facilitated by the use of a hierarchical menu structure whereby the selection of items from one menu (the
parent) activates a second menu (the child) with further options. The parent menu should remain visible during the selection of
the child menu. The number of levels in the hierarchy should be limited (for example, to no more than three) ©

2.2.2-49 Dual Activation for Pointing

If menu selection is accomplished by pointing, dual activation should be provided, in which the first
action designates the selected option, followed by a separate second action that makes an explicit
control entry.

ADDITIONAL INFORMATION: The two actions of cursor placement and entering should be compatible in their design
implementation. If the cursor is positioned by keying, then an ENTER key should be used to signal control entry. If the
cursor is positioned by lightpen, provide a dual-action "trigger” on the lightpen for cursor positioning and control entry. On a
touch display, the computer might display a separate ENTER box that can be touched by a user to indicate that the cursor has
been properly positioned.  This recommendation for dual activation of pointing assumes that accuracy in selection of control
entries is more important than speed. In some applications that may not be true ©F
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2.2.2-50 Large Pointing Area for Option Selection
If menu selection is accomplished by pointing, as on touch displays, the acceptable area for pointing
should be as large as consistently possible, including at least the area of the displayed option label

plus a half-character distance around that label.
ADDITIONAL INFORMATION: The larger the effective target area, the easier the pointing action will be, and the less risk
of error in selecting a wrong option by mistake A-®

2.2.2-51 Highlighting When Cursor Passes Over Item
For all types of menus, menu items that are available to be selected should be highlighted whenever

the cursor passes over them and the selection button is down.
ADDITIONAL INFORMATION: As soon as the cursor passes outaide the boundanes of the menu item the item should retum
to its normal state. Unavailable options should not highlight when the cursor passes over them

2.2.2-52 Number of Options

Each menu option list should have 4 to 8 options.
ADDITIONAL INFORMATION: Menus with fewer than 3 options should be avoided. "Menus” with only one item  should
not be used “°

2.2.2-53 Equivalent Keyboard Commands
When equivalent keyboard commands are provided, they should be displayed as part of the menu
option label .©

2.2.2-54 Numbering Options for Codes
Arbitrary numbers or codes sheuld not be used for keyed entry. Numbering options might be used
when the list of items is particularly long, but this should be avoided.”

2.2.2-55 ON/OFF Menu Items
For menu items that can be in an "On" or "Off" state, the "On" state should be indicated by making
the item perceptually distinct.”

2.2.2-56 Selection of ON/OFF ltems
Selection of menu items with "On" and "Off" states should change their state.”
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2.2.3-1 Function Keys for Interim Command Entries

Function keys should be provided for interim command entries, i.¢., for actions taken before the
completion of a transaction.

ADDITIONAL INFORMATION: Function keys will aid such intenm actions as DITTO, CONFIRM, and requests for
PRINT, or HELP, and also interrupts such as BACKUP CANCEL, ete. Interim control refers to an action taken by a user
while working with displayed data, ¢ g , while still keying data entries or changes, ete. Function keys will aid interim control
entries partly because those entries may be frequent.

2.2.3-2 Distinctive Labeling of Function Keys

Each function key should be labeled informatively to designate the function it performs.
ADDITIONAL INFORMATION: Labels should be sufficiently different from one another to prevent user confusion.  For
example, two keys should not be labeled ON and DN 7

2.2.3-3 Distinctive Location

Function keys should be grouped in distinctive locations on the keyboard to facilitate their learning
and use.

ADDITIONAL INFORMATION: Frequently used or important function keys should be placed in the most convenient or
prominent locations AF

2.2.3-4 Consistent assignment of Function Keys

A function assigned to a particular key in a given task context should be assigned to the same key in
other contexts.

ADDITIONAL INFORMATION: A particular function should be accessed in the same manner in any context in which it s
used. For example, the SAVE function should he invoked using the same key whether the user is saving edited information or
new information ©®

2.2.3-5 Single Key for Continuously Available Functions
When a function is continuously available, its function should be assigned to a single key.**

2.2.3-6 Single Keying for Frequent Functions
Keys controlling frequently used functions should permit single key action and should not require
double (control/shift) keying ***

2.2.3-7 Consistent Functions in Different Operational Modes

When a function key performs different functions in different operational modes, equivalent or similar
functions should be assigned to the same key.

ADDITIONAL INFORMATION: Functions assigned to a given key in different modes should be related  For example, a
padticular key might be used to confirm data changes in one mode, confinnm message transmission in another, ete. As a
negative example, a key labeled RESET should 1ot be used to save data in one mode, dump data in another, and signal task
completion in a third AF

2.2.3-8 Lagical Pairing of Double-Keyed Functions

If double (control/shift) keying is used, the functions paired on one key should be logically related.
ADDITIONAL INFORMATION: Functions assigned to a given key should be related. For example, if a particular funetion
key moves the cursor to the upper left comer of a display screen 'hcn that same key when shifted might be used to maove the
cursor to the bottom right comer of the screen. As & negative exi~ ¢, a function key that moves the cumor should not be
used when shifted to delete displayed data AF
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2.2.3-9 Consistent Logic for Double Keying

If double (control/shift) keying is used, the logical relation between shifted and unshifted functions
should be consistent from one key to another.

ADDITIONAL INFORMATION: Consistency in the underlying logic for double keying will help a user to leam the functions
associated with different keys. For example, one consistent logic might be that shifted and unshifted functions are opposite, so
that if a particular key moves the cussor forward then that key when shifted would move the cursor backward.  Another
posaible logic might be that shifted and unshifted functions are related by degree, so that if a particular key deletes a single
displayed character then that key when shifted would delete a word *F

2.2.3-10 Labeling Multifunction Keys

If a key is used for more than one function, the function currently available should always be
indicated to the user.

ADDITIONAL INFORMATION: If a key is used for just two functions, depending upon defined operstional mode, then
altemate illuminated labels muight be provided on the key to indicate which function is current. In those circumstances, it is
preferable that only the currently available function is visible, so that the labels on a group of keys will show what can be done

at any point. If key function is specific to a particular transaction, an appropnate guidance message on the user’s display
should be provided to indicate the current function. ®

2.2.3-11 Easy Return to Base-Level Functions
If the functions assigned to a set of keys change as a result of user selection, the user should be

provided with an easy means to return to the initial, base-level functions.

ADDITIONAL INFORMATION: I effect, multifunction keys can provide hierarchic levels of options much like menu
sclection dialogues, with the same need for mpid retum to the highest-level menu. For some applications, it may be desirable
to automate the retum to base-level assignment of multifunction keys, to occur immed ately on completion of & transaction
and/or by time-out following a period of user inaction M*

2.2.3-12 Feedback for Function Key Activation
When function key activation does not result in any immediately observable natural response, users
should be provided with some other form of computer acknowledgment.

ADDITIONAL INFORMATION: Temporary illumination of the function key will suffice, if key illumination is not used for
other purposes such as indicating available options. Otherwise an advisory message should be displayed, AP

2.2.3-13 Disabling Unneeded Function Keys
When function keys are not needed for any current transaction, they should be temporarily disabled

under computer control.

ADDITIONAL INFORMATION: Users should not be required to apply mechanical overlays to indicate that funetions are not
to be used, If a user selects & function key that is invalid for the current transaction, no action should result except display of
an advisory message indicating what functions are available at that point.

2.2.3-14 Indicating Active Function Keys
If some function keys are active and some are not, the current subset of active keys should be

indicated in some noticeable way, such as by brighter illumination.
ADDITIONAL INFORMATION: This practice will speed user selection of function keys ©

139



2 USER-SYSTEM INTERACTION
2.2 User Input Formats
2.2.3 Function Keys

2,2.3-15 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.

ADDITIONAL INFORMATION: It should not result in the action normally produced by the key until the user responds
positively to the question. ©
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2.2.41 User Definition of Macro Commands
Users should be allowed to assign a single name to a defined series of control entries, and then to use

that named "macro” for subsequent command entry.

ADDITIONAL INFORMATION: In this way users can make frequently required but complicated tasks easier to accomplish,
when the interface designer has failed to anticipate a particular need. The system should not accept a user designated macro
name that is the same as an existing command name ©F

2.2.42 Index of Macros

Users should have access to an index of their macros and programmable function keys with their
respective composition of commands.

ADDITIONAL INFORMATION: Users should have & means of providing a list of their macro names and functions to other
users with whom they will communicate ©

2.2.4-3 Limiting User-Definable Macros and Programmable Keys

The use of user definable macros and programmable function keys should be limited.
ADDITIONAL INFORMATION: The advantages may outweigh the disadvantages for some tasks (e.g., software development
or modification) whereas, for other tasks (e.g., application specific software) the disadvantages may outweigh the advantages ©

2.2.4-4 Modification of Defined Macros
A user should be restricted from modifying a macro or programmable function key as defined by a
different originating user.”

2.2.4-5 No Duplication of Macro Names

Users should not be allowed to duplicate macro names.
ADDITIONAL INFORMATION: An error message should be provided to the user when he or she attempts to assign a macro
a previously -used name ©
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2.2.5-1 Form Filling for Command Entry

Form filling should be provided as an aid for composing complex command entries.

ADDITIONAL INFORMATION: For example, for a complex daia retrieval request, a displayed form might indicate the
vanous parametem that could be specified. For a print request, & displayed form might help a user invoke the vanous format
options that are available. “-®

2.2.5-2 Defaults for Command Entry

Form filling should be used as a means of displaying default values for the parameters in complex
command entries.

ADDITIONAL INFORMATION: Default parameters permit users to compose potentially complicated entries by relatively
simple actions. [f defauits have been defined, they should be indicated to users. A displayed form permits & user Lo review
(and confirm or change) default values, just as a user might review displayed defaults for dats entry. When only a few
parameters are involved, it may be feasible simply to prompt users with guidance messages rather than by displaying & form AR

2.2.5-3 Consistent Format for Command Forms

Forms for command entry should be consistent in format.
ADDITIONAL INFORMATION: The design of such forma should generally conform to guidelines for the design of
information entry forms A%

2.2.5-4 Forms for Information Entry
Form filling should be used for tasks where some flexibility in information entry is needed, such as
the inclusion of optional as well as required items, and/or where computer response may be slow,“*

2.2.5-§ Grouping Data Fieids
Where no source documents or forms exist to support information entry, then fields should be
logically grouped, by sequence and frequency of use, importance, and functional associations.*

2.2.5-6 Combined Entry of Related Data

Just one explicit entry action at the end of the transaction sequence should be required, rather th.an
separate entry of each item,

ADDITIONAL INFORMATION: Depending on form design, this practice might involve entering the entire form, or zntry by
page or section of a longer form. Form design should indicate to users just where explicit entry is required. Single entry of
grouped data will generally permit faster input than item-by-item entry, and should prove more accurate as well. This practice
permits user review and possible data correction prior to entry, and also helps the user understand at what point grouped data
are processed. It will also permit efficient cross validation of related data items by the computer. &

For each data field, an associated label should be displayed to help users understand what entries can
be made.®
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2.2.5-8 Minimal Use of Delimiters
Whenever possible, entry of multiple data items should be allowed without keying special separator or

delimiter characters.

ADDITIONAL INFORMATION: Formatting characters such as hyphens should be provided by the system. This can be
sccomplished either by keying into predefinad entry fields or by separating sequentially keyed items with blank spaces. In this
context, tabbing from field to field is not considered to be keying a special delimiter character. When data items contain
internal b%. the entry fields with a predefined structure should be designed so that users will not have to key any intemal
delimiters

2.2.5-9 Standard Delimiter Character

When a field delimiter must be used for data entry, a standard character should be employed
consistently for that purpose.

ADDITIONAL INFORMATION: A special delimiter character that does not require shift keying should be used. A chamcter
that does not occur as part of any data entry (except possibly for entry of running text where its oceurrence would not be
ambiguous) should be used. For example, a slash (/) may be a good choice AB

2.2.5-10 Flexible Interrupt

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
action A*¥

2.2.5-11 Deferring Input of Information

When entry of information in a field is deferred or omitted, the system should identify the field by
highlighting or other means. Before the Information is filed or accessed, the user should be reminded
that information has not been entered.*

2.2.5-12 Use of Tabular Displays

When sets of data items must be entered sequentially, in a repetitive series, a tabular display format
should be provided where data sets can be keyed row by row.

ADDITIONAL INFORMATION: Row-by-row entry facilitates comparison of related data items, and permits potential use of
8 DITTO key for easy duplication of repeated entries. When the items in each data set exceed the capacity of a single row,
tabular entry will usually not be desirable, unless there is a sumple means for horizontal serolling AR

2.2.5-13 Distinctive Label Formats
Distinctive formats should be provided for column headers and row labels, so that users can
distinguish them from data entries.”

2.2.5-14 Aiding Entry of Duplicated Data

For entry of tabular data, when entries are frequently repeated, users should be provided with some
easy means to copy duplicated data.

ADDITIONAL INFORMATION: For example, a DITTO capability will speed data entry, and should prove more accurate
than requiring users to rekey duplicated data *
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2.2.5-15 Tabbing to Advance to Subsequent Fields

Where the number of fields is limited, screen traversal distances are short, and when data fields will
be accessed sequentially, users should be allowed to tab directly from one data field to the next, so
that the cursor can move freely back and forth across rows or columns. **#

2.2.5-16 Direct Pointing Devices for Selecting Fields

In complicated forms with many fields, or when field entry will be less predictable (as in data base
update), direct pointing devices, such as mouse or lightpen, should be available for selecting fields.
ADDITIONAL INFORMATION: When input is not predictably structured, it may be preferable to move among fields by
direct parting rather than tabbing *

2.2.5-17 Yow Scanning Cues

For long fornis. those with many rows, some extra visual cue should be provided to help a user scan
a row accurately across columns,

ADDITIONAL INFORMATION: 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 consistently, however, so that display formats
for both data entry end review will be compatible. For example, a blank line might be inserted after every fifth row, or dots
might be placed between columns in every fifth row. As an altemnative. a displayed ruler which a user can move from one row
to another may be used ®
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2.6 Direct Manipulation

2.6-1 When to Use Direct Manipulation

Direct manipulation should be used primarily in tasks with actions and
pictographic representation, and in which the actions and objects need n«
successful interpretation of the command by the system
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2.2.6-7 Graphic Display of Control Context

Graphic means for displaying to users the context of current control actions should be provided.
ADDITIONAL INFORMATION: A graphic representation of the currently selected values of functions, elements and
attributes affecting control actions might help reduce user errors in command entry  Graphic techniques might be used to
dhphy.the scope of a proposed control action, such as outhmung a group of display clements that will be affected by the
action,

2.2.6-8 Graphic Display of Control Prompting
Prompting aids and other guidance pertaining to current control actions should be displayed

graphically to the user,

ADDITIONAL INFORMATION: A graphic representation of keypad layout with notes explaining the various key functions
might help a novice user to learn the control options availabie via function keys. A graphic representation of logical
combinations specified in query formulation might help reduce errors in the use of query language ©

2.2.6-9 "Opening" an Icon

A user should be able to "open” an icon with a simple, explicit action.

ADDITIONAL INFORMATION: The action or information represented by an icon is invoked or accessed by "opening” the
icon. This should involve two steps: (1) indicating the object or action to he selected (e.g., moving & pointing cursor or other
follower to an icon or function area) and (2) invoking the function through the performance of a specific, well-defined selection
action, ¢.g., a "double click” on the cursor control device button. Note: A "double click” 18 defined by two clicks witiin 700
ms of each other ©

2.2.6-10 Size of Icons
Items on the screen that are displayed for selection should be a minimum of 5 mm on a side and
separated by at least 3 mm."”

2.2.6-11 Text Selection Area
When functions are represented by text labels, a large area for pointing should be provided, including
the area of the displayed label, plus a half-character distance around the label *

2.2.6-12 Zooming for Precise Positioning
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 *“*

2.2.6-13 Selecting Graphic Elements

Users should be provided some means for designating and selecting displayed graphic elements for
manipulation,

ADDITIONAL INFORMATION: Users should have s means of indicating groups of elements (or parts of a complex element)
to which an action will be applied. For example, designation might be by pointing, in the case of a discrete element, or might
require some sort of outlining action to delineate portions of a complex figure AC:F

2.2,6-14 Highlighting Selected Elements
When a user has selected a displayed graphic element, that element should be highlighted in some

way so that the user can anticipate the consequences of any proposed action involving that selection.
ADDITIONAL INFORMATION: A dotted border might be displayed around & selected element, or perhaps a selected
element might be displayed with video inversion to distinguish it from other elements A
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2.2.6-15 Displaying Current Attributes

During graphic data entry/editing, the selected attributes that will affect current actions should be
displayed for ready reference by the user.

ADDITIONAL INFORMATION: Users may forget what options have been chosen. Displayed reminders will be particularly
important in situations where the consequences of a mistaken user action are difficult to reverse, e.g., where it may be hard to
erase an incorrectly drawn line. For example, when graphic attributes -~ plotting symbols, character size, line type, color, ete.
- are chosen from displayed menus, it might suffice to highlight the currently selected menu options; alternatively, current
sclections might be shown in some sort of "reminder” window, A few attributes might be shown by the displayed cursor, ie.,
by changing cumsor shape, size or color depending upon current attribute selections. If rubberbanding is provided to aid line
drawing, then that process itself would show the currently selected line type. In some applications, display cues may not be
adequate to convey attribute information completely. There may not be sufficient room on the display. Or the attributes may
derive from underlying models whose characteristics are too complex for simple display representation. In such cases, users
should be able to request suxiliary display of such information to determine the operative context for current actions CE

2.2.6-16 Automatic Data Registration

Automatic registration or alignment of computer-generated graphic data should be provided, so that

variable data are shown properly with respect to fixed background or map data at any display scale.

ADDITIONAL INFORMATION: When users are required to enter data via some separate device such as a graphics tablet,

rather than directly on the display surface, it may be necessary for a user to participate in some computer-prompted procedury

for ensuring data registmtion. Such a procedure may prove error-prone, however, and should be considered an undesirable
expedient ACF

2.2.6-17 Automated Data Plotting

When complex graphic data must be entered quickly, computer aids should be provided to automate
that process.

ADDITIONAL INFORMATION: Users can create simple graphics or edit stored graphic matenial fairly quickly, but they can
only create complex graphic displays much more slowly. A varnety of computer aids can be provided to help enter graphic
data. Entry of detailed drawings and/or photographic imagery can be accomplished via a video camera and high-resolution
digitizer, perhaps with facilities for a user to edit that process A*

2.2.6-18 Plotting Stored Data

Automated plotting of computer-stored data should be provided at user request, with provision for
subsequent editing by a user.

ADDITIONAL INFORMATION: In many applications, data intended for graphic display will already be stored in the
computer. In such cases a user might specify the graphic format required (¢.g., a line geaph, or, for three-dimensional data, an
XYZ plot), and edit elements in the resulting display output, without actually having to re-enter the data. When users do have
to enter data for graphic display, they mught choose form filling or tabular entry for efficiency in the initial input o data and
then invoke graphic capabilities for subsequent data editing. In either case, it is important that previousiy entered Jdata should
be sccessible for graphic processing AF

2.2.6-19 Predefined Graphic Formats

When graphic data must be plotted in predefined standard formats, templates or skeletal displays for
those formats should be provided to aid data entry.

ADDITIONAL INFORMATION: In many spphcations, it may help to provide flexibility so that gencral prestored formats can
be modified by a user and then saved for subsequent use.  For example, sample displays might be stored in the computer to md
in creating standard graphs such as bar graphs, or standard diagrams such as organization chants, or page layouts for
typesetting, or maps drawn to different scales or with different projections A
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2.2.6 Direct Manipulation

2.2.6-20 Aids for Graph Construction

When graphs must be constructed for data plotting, computer aids should be provided for that
purpose.

ADDITIONAL INFORMATION: Construction aids might include stored templates of different kinds of graphs, promipts to
guide users in the definition of scale axes, and aids for format control such as automatic centering of axis labels if requested by
a user. Computer aids for graph construction should be designed to allow flexibility in their use. A user should be allowed to
position labels and other graphic elements at will, except where operational requirements may impose fixed formats AF

2.2.6-21 Aids for Scaling

Computer aids should be provided to help users specify appropriate scales for graphic data entry.
ADDITIONAL INFORMATION: The computer should handle scaling automatically, subject to review and change by a user.
The computer might provide & general template for the plotting scale and prompt the user as necessary to define the scale more
exactly, including specification of the origin, linear or logarithmic axes, scale intervals, minimum and maximum values, and
labels for axes. In the process of defining scales the computer might impose rules to ensure that the resulting graphic displays
are designed o permit effective information assimilation by their users, e.g., displaying scales with conventional direction, so
that numbers increase in value from left to right, or from bottom to top A¥

2.2.6-22 Grouping Elements

Users should be allowed to designate a group of elements to which graphic editing operations will be
applied in common.

ADDITIONAL INFORMATION: For example, a user might carefully position two elements with respect to each other, and
then wish to move both of them together while preserving their relative positions. 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 “make
group” command *F
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2.2.7 Natura! Language

No guidelines are currently available in this section
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2.2.8 Query Language

2.2.8-1 Natural Organization of Data

A query language should reflect a single, natural data structure or organization.

ADDITIONAL INFORMATION: The query language should be congruent with the user's perception of how the data are
organized. For example, if a user supposes that all data about a particular person are stored in one place, then the query
language shiould permit such data to be retrieved by a single query, even though actual computer stomge might carry the
various data in different filea A ¥

2.2.8-2 Task-Oriented Wording

The wording of a query should simply specify what data are requested.

ADDITIONAL INFORMATION: A user should not have to tell the computer how to find the data. This objective has been
called "nonprocedumlity”, meaning that a user should not have to understand computer procedures for finding data A ©F

2.2.8-3 Flexible Query Formulation

Users should be allowed to employ alternative forms when composing queries, corresponding to
common alternatives in natural language.

ADDITIONAL INFORMATION: There are typically a number of equally precise ways of specifying a given condition
Therefore, when quantifying a query, a user should be able to employ equivalent forms, such as "over 50", "more than 50",

“51 or more” AE

2.2.8-4 Minimal Need for Quantifiers

A query language should minimize the need for quantifiers in query formulation.

ADDITIONAL INFORMATION: People have difficulty in using quantifiers, Negative quantifiers ("no", "none", “zero",
ete.) are particularly difficult for users to deal with. Other potentially confusing quantifiers include indefinite ("some”, "any”)
and interrogative (“how many”) forms. If a query language does require quantifiers, it may be helpful to allow a user to select
the desired quantifier from a set of sample queries worded to maximize their distinctiveness. A

2.2.8-5 Logic to Link Queries

A query language should include logic elements that permit users to link sequential queries as a single
entry.

ADDITIONAL INFORMATION: Common links for query formulation include "and”, "or”, ete. However a query language
should be designed so that it does not require logical links. Some logical quantifiers ("greater than", "less than”, etc.) may
confuse users. ACF

2.2.8-6 Confirming Large-Scale Retrieval

If a query will result in a large-scale data retrieval, the user should be informed and required to
confirm the transaction or to narrow the query before processing.

ADDITIONAL INFORMATION, In this regard, it may be helpful to permit a user to set some upper bound for data output,
in ¢ffect to define what constitutes a “large-acale” vetrieval. It may help & user to decide whether to confirm or modify &
pending query, if the user can request a partial display of the currently specified data output. A €€
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2.2.10 Speech

2.2.10-1 Speech Input

Spoken input should be used only when entry cannot be accomplished through more reliable methods
such as keyed entry or pointing.

ADDITIONAL INFORMATION: Current speech recognition devices are not well developed and tend to be error prone. Thus
there should be some good reason for choosing speech input over more conventional data entry methods  Speech input might
be appropriate if a user cannot use his/her hands for some reason ®

2.2.10-2 Limited Vocabulary for Speech Input

The vocabulary used for spoken input should be constructed so that only a few options are needed for
any transaction,

ADDITIONAL INFORMATION: To increase the likelinood that a user's valid entrics are correctly identified by the system,
the user's vocabulary should be predictable. Thia does not necessarily mean that the vocabulary must be small, though
recognition systema that can only accommodate small vocabularies are more prevalent and less expensive. A vocabulary is
predictable when a user's choice of inputs at any given time is small, so that the system will be more likely to make a correct
match in interpreting an entry ®

2.2.10-3 Feedback and Error Correction for Speech Input

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.

ADDITIONAL INFORMATION: Simple error correction is particularly important with spoken input, since speech recognition
systems are prone to error except under carefully controlled conditions. ¥

2.2.10-4 Alternative Entries for Speech Input

When speech input is the only form of input available, alternatives forms for critical entries should be
allowed, so that if the system cannot recognize an entry after repeated attempts, another entry form
can be substituted.

ADDITIONAL INFORMATION: Because speech recognition systems are affected by normal vanations in a user's voice, and
by changes in the acoustic environment, a spokei entry that was accepted yesterday might not be accepted today. Thus for
important entries a user should be able to use an altemative word. For example, "Exit” might be defined as an acceptable
substitute for "Finished”. Spelling a word letter-by-letter is not an acceptable alternative, since speech recognition systems may
have trouble correctly identifying similar sounding letters. ©

2.2.10-5 Activation an¢ Ueactivation

Speech recognition systems should have an external, non-speech means of activation and deactivation
(e.g., PAUSE and CONTINUE options) so that conversation between users is not taken as command
input,

ADDITIONAL INFORMATION: If possible, a standby mode should be provided from which spoken commands to

activate/deactivate may be invoked. Extermal, non-speech means of activation and deactivation can include use of a
keyboard 2 F

2.2.10-6 Vocabulary Items
The vocabulary items should (1) consist of words that are meaningful and familiar to the user, (2) be

phonetically distinct from one another: and (3) consist of 2-5 syllables.
ADDITIONAL INFORMATION: [temy of 2-5 syllables in length are generully better recognized than one-syllable items F
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2.2.10 Speech

2.2.10-7 Vocabulary Sets
Application vocabularies should be divided into sets based on the hierarchy of the application and
recognition accuracy requirements.

ADDITIONAL INFORMATION: This improves recognition by reducing the number of choices that the recognizer has to
consider Lo retum the correct item

2.2.10-8 Testing the Recognition of Individual Vocabulary Items

The user should be able to test the ~cognition of any individual vocabulary item without the entire
interactive system being on-line. Feedback on the word recognized and the corresponding confidence
score should be available immediately after each use of a word.”

2.2.10-9 User-Adjustable Features
When the consequences of errors are not significant, the speech amplitude and rejection levels
recaired for input should be user-adjustable.”

2.2.10-10 Word Boundaries
Where word boundaries (pauses between words) are required for system interpretation, boundaries of
100 milliseconds or more should be allowed by the system *

2.2.10-11 Confidence Rating
An indication of the similarity of each spoken command to the recorded template should be available
to the user.”

2.2.10-12 Speaker-Dependent Voice Recognizer
If an application functions with a speaker-dependent voice recognizer, the user should be able to

retrain or update any or all vocabulary templates at any time.

ADDITIONAL INFORMATION: A user's voice changes over ime, even i the course of an hour of continuous use.  Several
factors have the ability to alter the voice temporanly. To maintain good performance under these conditions, the user must
have the ability to modify the template set D
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2.3 Cursors

2.3.0 Appearance
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2.3 Cursors
2.3.2 Controls

2.3.2-1 Cursor Control - General
The user should be able to adjust the sensitivity of the cursor movement to be compatible with the
required task and user skills ®

2.3.2-2 Compatible Control of Cursor Movement

Control actions for cursor positioning should be compatible with movements of the displayed cursor,
in terms of control function and labeling.

ADDITIONAL INFORMATION: For cursor control by key action, & key labeled with a left-pointing &rrow should move the
oumsor leftward on the display. For cumsor control by joystick, lefiward movement of the control (or leftward pressure) should
remult in leftward movement of the cursor, ete ACF

2.3.2-3 Easy Cursor Positioning
Users should be provided with an easy, accurate means of positioning a displayed cursor to point at
different display elements and/or display locations.

ADDITIONAL INFORMATION: Cursor positioning is & frequent user action during graphic deta entry  An easy means for
controlling cursor movement is essential for efficient performance. ®

2.3.2-4 Consistent Positioning

Where cursor positioning is incremental by discrete steps, the step size of cursor movement should be
consistent horizontally (i.e., in both right and left directions), and vertically (in both up and down
directions).®

2.3.2-5 Cursor Control Key Functions

At the minimum, keys for cursor control should allow horizontal and vertical cursor movement.
ADDITIONAL INFORMATION: Ideally, keys for cursor control should allow both horizonta) and vertical movement, and
movement along the diagonals ”

2.3.2-6 Cursor Control at Keyboard

When position designation is required in a task emphasizing keyed data entry, cursor control should
be provided by some device integral to the keyboard (function keys, joystick, "cat”, etc.).
ADDITIONAL INFORMATION: Separatcly manspulated devices (Lightpen, “mouse”, ete.) will tend to slow the user MF

2.3.2-7 Location of Cursor Control Keys

If cursor movement is accomplished by depressing keys, the keys should be located on the main
keyboard *
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3.3 Movement
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2.3 Cursors
2.3.3 Movement

2.3.3-9 Display Format Protection

When there are areas of a display in which data entries cannot be made (blank spaces, protected field
labels, etc.), those areas should be insensitive to pointing actions and the cursor should be prevented
from entering those areas.

ADDITIONAL INFORMATION: Automatic format protection will generally make cursor positioning easier for & user, since
the cursor will not have to be stepped through blank areas, and much routine cursor control can be accomplished with only
casual reference to the display. When & user may have to modify display formats, then this automatic format protection can be
provided as a general default option subject to user overnde AF

2.3.3-10 Free Cursor Movement

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.

ADDITIONAL INFORMATION: Free cursor movement and changes made directly to the text are chamcteristics usually

associated with so-called screen-based editors ard not associated with line- or command-based editors  Screen-based editors are
preferred by users and are potentially more efficient ©

2.3.3-11 Proportional Spacing
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.

ADDITIONAL INFORMATION: Without automatic computer aids, & user prabably will not handle proportional spacing
accurately ®

2.3.3-12 Cursor Movement by Units of Text

Users should be able to move the cursor by specific units of text, as well as one character at a time.
ADDITIONAL INFORMATION: Cursor positioning will be easier if appropriate function keys can be provided. A
SENTENCE key that aliows a user to move directly to the next displayed sentence will be more convenient than some
double-keying logic such as CONTROL-S ©

2.3.3-13 Data Entry Independent of Cursor Placement
An ENTER action for multiple data items should results in entry of all items, regardless of where the

cursor is placed on the display.
ADDITIONAL INFORMATION: A user may choose to move the cursor back to correct earlier data items, and may not move
the cursor forward again. The computer should ignore cursor placement in such cases,®

157



2 USER-SYSTEM INTERACTION
2.3 Cursors
2.3.4 Multiple Cursors

2.3.4-1 Minimal Use of Multiple Cursors

Multiple cursors on a single display should be used oniy when it can be demonstrated that they are
required by the task.

ADDITIONAL INFORMATION: Multiple cursors may confuse & user, and so require special considerntion of used in
interface design. Multiple cursors might be useful to mark a user's place when manipulating data in multiple display windows
In graphic interaction, one cumor might be used for line dmwing and a different cursor for alphanumenc data entry (iabels,
ﬁ‘c.)."n

2.3.42 Multi Monitor/Multi Controller Cursor Characteristics

In a multitasking environment with multiple monitors, controllers, or cursors, the location of the
active cursor should be obvious to the user.

ADDITIONAL INFORMATION: If there are two pointing cursors - one on each of two monitors - the setive cursor should
be apparent to the user If there in a single cumor that moves hetween two monitors, its path should be continuously tmekable
Ax the cumsor crosses from one monitor to the other it should either mantain its vertical coondinate for side by mde monitors
and horizontal for stacked monitors or should jump between uniquely wpecified locaticns on each sereen.”

2.3.4-3 Distinctive Multiple Cursors
If multiple cursors are used, they should be visually distinctive from one another A"

2.3.4-4 Compatible Control of Multiple Cursors
If multiple cursors are controlled by different devices, their separate controls should be compatible in

operation.

ADDITIONAL INFORMATION: Assume that one cursor is moved upward on & display by forward motion of a joystick
Then a second cursor should also be moved upward by forward motion - perhaps by forward motion of a second joystick or by
forward motion of & thumbwheel or other device AF

2.3.4-5 Distinctive Control of Multiple Cursors
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 A¥

2.3.4-6 Multiple Pointing Cursor Control Devices
When there are multiple cursor control/pointing devices, a unique pointing cursor shape should be
associated with each device ”

2.3.47 Unique Shapes

Cursors of different shapes should be used for different purposes.

ADDITIONAL INFORMATION: The shape of a cursor should reflect the state of the system or processing mode. A speeific
cursor should be uniquely nssigned to & specific purpose 1o provide state or made information to the user A stenight line
cursor might be used as the placeholder cursor to indicate entry position in & word processing task, an arrow might be used as a
pointing cumor to indicate sereen structures, and an X shaped pointing cursor might be used when the user cannot interaet with
the system. Within this general framework, the number of cursor shapes used should be kept to 8 minimum.
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2.3 Cursors
2.3.5 Pointing Cursors

2.3.5-1 Pointing Cursor Visibility
The pointing cursor should be visible to the user at all times and may obscure characters unless it

interferes with performance within an application.
ADDI:!ONAL INFORMATION: To maintain pointing cursor quality, the cursor should obscure other characters, not vice
verna.

2.3.5-2 Pointing Cursor Blink
The pointing cursor should not blink.”

2.3.5-3 Pointing Cursor: Image Quality

Pointing cursors should maintain image quality throughout an entire range of motion within the
display. The position of the pointing cursor should be clearly visible during movement from one
screen position to another. Flicker should be minimized ”

2.3.5-4 Pointing Cursor Design
To the greatest degree possible, pointing cursors shouid be completely graphic and should not contain

a label.
ADDITIONAL INFORMATION: However, if a ponting cursor includes a label, the text should be large enough to be
readable

2.3.5-5 Pointing Cursor: Size Constancy
The pointing cursor should maintain its size across all screen and display locations ”

2.3.5-6 Pointing Cursor: Movement

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 cursor should not move
in the absence of any input from the user.”
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2.3.6 Text Entry Cursors

2.3.6-1 Text Entry Cursor Visibility
The text entry cursor should only be visible when text entry is possible.”

2.3.6-2 Identification of Text Entry Cursor
At the initiation of a task, an application, or a new display, the user should be able to immediately
determine the location of the text entry cursor. Following the initial placement of the text entry

cursor, the position of the cursor should be under the user’s control.

ADDITIONAL INFORMATION: For example, the cursor might be placed initially at the first data ficld in & data form, at the
upper left comer of a blank display in & word processing task, and unmediately following the last character of 8 word
processing display containing alphanumenc characters. ©

2.3.6-3 Text Entry Cursor Blink
If text entry cursor blinking is to be used to direct the user’s attention, the default blink rate should be

3 Hz.
ADDITIONAL INFORMATION. A blinking cursor need not obscure characters - for example, the blinking cursor may be an
underline that does not cover the entire character ©

1.3.6-4 Nonobscuring Text Entry Cursor
The placeholding cursor should not obscure any other character displayed in the position designated

by the cursor.
ADDITIONAL INFORMATION: As an example, & block cursor might employ brightness inversion ("reverse video") AE

2.3.6-5 Number of Text Entry Cursors
There should be only one text entry cursor per window.”

2.3.6-6 Text Entry Cursor Size
The text entry cursor should assume the height and/or width of the text characters adjacent to it.”

160



2 USER-SYSTEM INTERACTION

2.4 System Response
2.4.1 General

2.4.1-1 Standard Display Location
System messages should appear in standard locations.
ADDITIONAL INFORMATION. Messages may be provided in window overlays.

2.4.1-2 Consistent Format for System Messages
Consistent grammatical construction should be used in system messages.®

2.4.1-3 Familiar Wording
System messages should use familiar terminology.

ADDITIONAL INFORMATION: For example, "Data requires special access code; call Data Base Admin, X 9999 for
access " is preferable to "IMS/VS DBMS private data; see OP-DBSA-0/99-99 ©

2.4.1-4 Concise Wording ol System Messages
System messages should bé concise and clearly worded.®

2.4.1-5 Speaking Directly to Operators

Wording for system messages should be directed at the operator.

ADDITIONAL INFORMATION: For example, "Press ENTER to continue.” is preferable to "The operator should press
ENTER to continue,"®

2.4.1-6 Only Necessary Information Displayed

No extraneous information should be displayed.
ADDITIONAL INFORMATION: Only relevant data to a task or operation should be displayed E

2.4.1-7 Anthropomorphism

Presenting the system as a person should be avoided.
ADDITIONAL INFORMATION: System messages such as, "I AM LOADING YOUR FILE NOW. I'LL TELL YOU
WHEN I'M DONE " should not be used *
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2.4.2 Prompts

2.4.2-1 Prompting User Entries

Operators should be provided information needed to guide entries during log-on/off, command or
information entry, etc.

ADDITIONAL INFORMATION: Prompts may be incorporated in a display and/or provided in response to requests for
HELP. Where six or fewer control options exist, they should be listed. Where more input options exist, an example of the
type of entry thal is required should be presented. If a default value has been defined for null entry, that value should be
included in the prompting information. ®

2.4.2-2 Prompting Address Entry

When a operator must specify the address for a message, prompting should be provided.
ADDITIONAL INFORMATION: Prompting might consist of a scries of questions to be answerzad, an address form to be
completed by the operstor, or reminders of command entries required ©

2.4.2-3 Standard Symbol for Prompting Entry

Standard symbols should be used for input prompting.
ADDITIONAL INFORMATION: The symbol(s) chosen should be reserved for that use ©

2.4.2-4 Prompting Command Correction
When a command entry is not recognized or inappropriate, operators should be prompted to correct,

rather than re-enter the command.
ADDITIONAL INFORMATION: A faulty command should be able to be retained in the command entry arce of the display,
with the cursor automatically positioned at the incorrect item, with an advisory message describing the problem ®

2.4.2-5 Prompting Field Length

Cues should be provided to indicate the size of a fixed-length data entry field.

ADDITIONAL INFORMATION: Underscoring gives a direct visual cue as to the number of characters to be entered, and the
operator does not have to count them. For example, "Enter ID: s prefernble to "Enter ID (9
characters) "¥

2.4.2-6 Data Format Cuing in Labels

Additional cuing of data format should be included in a field label when that seems helpful.
ADDITIONAL INFORMATION: For example, "DATE (MM/DD/YY) -/ /  *F

2.4.2-7 Operator-Requested Prompts

Operators should be able to request computer generated prompts to determine required parameters or
available options for a command.

ADDITIONAL INFORMATION: Using o HELP function key, or perhaps simply keying a question mark in the command
entry area, are salisfactory methods to request prompting *

2.4.2-8 Prompting Data Entry
Prompting should be provided for required formats and acceptable values for data entries.®
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2.4.2 Prompts

2.4.2-9 Graphic Display of Control Prompting

Graphic means may be provided for displaying to operators prompting aids and other guidance
pertaining to current control actions.

ADDITIONAL INFORMATION: For example, a guidance display providing a graphic representation of keypad layout with
notes explaining the various key functions can help an operator o leam the control options available via function keys F
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2.4.3 Feedback

2.4.3-1 Feedback During Data Entry
Feedback should be displayed for all user actions during data entry; keyed entries should be displayed
stroke by stroke.

ADDITIONAL INFORMATION: For reasons of data protection, it may not be desirable to display passwords and other
secure entries ¥

2.4.3-2 Feedback for Completion of Data Entry

The computer should acknowledge completion of a data entry transaction with & confirmation message
if data entry was successful, or else with an error message.

ADDITIONAL INFORMATION: Successful data entry should not be signaled merely by automatic ersure of entered data
from the display, except possibly in the case of repetitive data entries. For single data entry transactions, it may be better if
enterod data is left on the display until the user takes an explicit action to clear the display. A€

2.4.3-3 Feedback for Repetitive Data Entries

For a repetitive data entry task that is accomplished as a continuing series of transactions, successful
entry should be indicated by regenerating the data entry display, automatically removing the
just-entered data in preparation for the next entry.

ADDITIONAL INFORMATION: Automatic erasure of entered data represents an exception to the general principle of control
by explicit user action. In addition to erasure of entered data, a message confirming successful data entry might be displayed
Such & message may reassure uncertain users, especially in system applications where computer performance is unreliable.
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2.4.4 Cautions and Warnings

2.4.4-1 Distinctive and Consistent Warnings

Warnings (or warning messages) should be distinctive.

ADDITIONAL INFORMATION: The salience of the message presentation should be appropriate (o its content. For example,
waming messages might be marked with a blinking symbol and/or displayed in red, and be accompanied by a distinet auditory
signal. Caution and error messages might be marked with a different special symbol and/or displayed in yellow ®

2.4.4-2 Redundant Display

Caution and warning information should be presented through both visual and auditory means.
ADDITIONAL INFORMATION: The visual display of emergency information should be redundant, using pictures,
schematics, color, and text. Emergency information should be accompanied by an auditory alerting tone P

2.4.4-3 Warning Operators of Potential Data Loss

Provisions to prompt against data loss should be provided.
ADDITIONAL INFORMATION: During log-off, the system should check pending transactions to determine if data loss
seems probable. If so, the computer should prompt for confirmation before the log-off command is executed ®

2.4.4-4 Time-consuming processes

Warning should be provided when a command will be time-consuming to process.
ADDITIONAL INFORMATION: Typical response times for various types of commands are given in Section 2.4.7
Wamings may be provided when response time will exceed the maximum amounts given
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2.4.5 Error Messages

2.4.5-1 Informative Error Messages

When the computer detects an entry error, an error message shouid be displayed stating the error and
possible subsequent operations.

ADDITIONAL INFORMATION: Error messages should explicitly provide as much diagnostic information and remedial
direction as can be inferred reliably from the error condition. Where clear inference is not possible, probable helpful
inference(s) may be offered. For example, "Code format not recognized; enter two ietters, then three digits. " is preferable to
"Invalid input.” Operstors should not have to search through reference information to translate error messages.®

2.4.5-2 Task-Oriented Error Messages

Wording for error messages should be appropriate to the task.

ADDITIONAL INFORMATION: Error messages should specifically descnibe the error and available remedies in language
that reflects the user's point of view, not the programmer's. For example, “Trend Point number not recognized, check the
number.” is preferable to "Entry error - Status Flag 4 *F

2.4.5-3 Neutral Wording for Error Messages

Error messages should use neutral wording.

ADDITIONAL INFORMATION: Error messages should not imply blame to the operator, personalize the computer, or
attempt lo make a message humorous. For example, "Entry must be a number." is preferable to "lllegal entry * or "I need
some digits g

2.4.5-4 Non-Disruptive Error Messages

The computer should display an error message only after completion of an entry.
ADDITIONAL INFORMATION: An error message should not be generated as wrong data are keyed, but only after an
explicit ENTER action has been taken ®

2.4.5-5 Invalid Action

Where an entry is invalid or inoperative at the time of se'ection, no action should result except a
display of an advisory message indicating the error and the appropriate functions, options, or
commands.

ADDITIONAL INFORMATION: For example, attempting to print a document from within an edit mode.*

2.4.5-6 Advisory Error Messages
Where data or control entry is made from a small set of alternatives, error messages should indicate
the correct alternatives.®

2.4.5-7 Displaying Erroneous Entries
When an entry error has been detected, the erroneous entry should remain displayed until the error
has been corrected.

ADDITIONAL INFORMATION: The error itself will provide information as to the nature of the error. Displayed error
messages should be removed after the error has been corrected ©F
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2.4.5-8 Cursor Placement Following Error
In addition to providing an error message, the location of a detected error should be marked by

positioning the cursor at that point on the display, i.e., at that data field or command word.
ADDITIONAL INFORMATION: Displaying the cursor at a non-routine position will help emphasize that an error has
occurred, and direct the user's attention to the faulty entry ¥

2.4.5-9 Indicating Repeated Errors

If a operator repeats an error, a noticeable change should exist in the displayed error message.
ADDITIONAL INFORMATION: The user may not be aware of the error if there is no change in the displayed message. In
response to A repeated error, the system might display the same verbal message but with changing annotation. ®

2.4.5-10 Errors in Stacked Commands
If an error is detected in a group of entries, the system should process correct commands until the
error is displayed.*®

2.4.5-11 Muiltilevel Error Messages
Following the output of a simple error message, operators should be able to request a more detailed

explanation of the error.
ADDITIONAL INFORMATION: A more complete discussion of each error should be made available on-line. *

2.4.5-12 Cautionary Messages
When a data or command entry error is suspected but cannot be determined (in terms of system error

logic), a cautionary message asking confirm should be displayed.
ADDITIONAL INFORMATION: The user should be alerted to entries that may be in error.  For exampie,: "Cooldown rate
of 200 °F per hour degrees is outside the normai range; confirm or change entry ®

2.4.5-13 Multiple Error Messages

Notification should be made for each error when multiple ercors are detected.

ADDITIONAL INFORMATION: The user should be made aware of the detection of multiple entries in order to facilitate
corrections.  For example, "DATE should be numenic [+ 2 other erroms]”. The computer should place the cursor in the duta
field referred to by the displayed error message, with other error ficlds highlighted. There should also be means to request
sequential display of the other error measages

2.4.5-14 Error Message Placement
Error messages should be presented at the point of the error or in a consistent area of the display.”

2.4.5-15 Documenting Error Messages

As a supplement to on-line guidance, system documentation should include a listing and explanation
of all error messages.”
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2.4.6 User Guidance/Help

2.4.6-1 On-Line Guidance
Reference material describing system capabilities, procedures, commands and abbreviations, etc.

should be available on-line.
ADDITIONAL INFORMATION: Design of user guidance should be consistent with system security restrictions ®

2.4.6-2 Access to Guidance
Explicit actions should be required to access or suppress user guidance.®

2.4.6-3 HELP Request
At any point in an interaction, users should be able to access on-line user guidance by means of a

simple action that is consistent throughout the interface.
ADDITIONAL INFORMATION: Users should have multiple methods of requesting help. For example, a user might (1)
sclect Help in a pull-down menu, (2) type a "Help" command, and/or (3) press & Help Function Key

2.4.6-4 HELP Guidance
Advisory messages or prompts should be available to guide users in accessing help messages.
ADDITIONAL INFORMATION: An on-line HELP index should be provided A

2.4.6-5 Synonyms for Standard Terminology
When a user requests HELP on a topic, the computer should accept synonyms and abbreviations.*

2.4.6-6 Context-Sensitive HELP

The information presented in response to a HELP request should be tailored to the task context.
ADDITIONAL INFORMATION: If an error in command entry is made, HELP should display information conceming that
command, its function, its proper structure and wording, required and optional parameters, etc.”

2.4.6-7 Clarifying HELP Requests
When a request for HELP is ambiguous in context, the computer should initiate a dialogue to specify

what data, message or command requires explanation.
ADDITIONAL INFORMATION: In order to define the needed information, the user might be allowed to point at a displayed
item sbout which HELP would then be provided ®

2.4.6-8 Automatic HELP

When appropriate, HELP should be automatically provided.
ADDITIONAL INFORMATION: Automatic HELP might be provided following frequent erroni in a specific interaction with
the system. Users should be able to suppress automatically-presented HELP displays with a single action ?

2.4.6-9 Multilevel HELP
When a HELP display provides summary information, more detailed explanations should be
available.”

2.4.6-10 Browsing HELP
Users should be able to browse on-line HELP
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2.4.6-11 Return from HELP
The user should be able to easily return to the task after accessing HELP A
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2.4.7 System Response Time

2.4.7-1 Appropriate Computer Response Time

The speed of computer response to user entries should be appropriate to the transaction involved.
ADDITIONAL INFORMATION: Appropnate response times for selected activities are shown in Table 2.4, In general, the
response should be faster for those transactions perceived by a user to be simple. For example, computer response to a likely
control entry, such as NEXT PAGE, should be within 0.5-1.0 second. response to other simple entries should be within 2
seconda; error messages should be displayed within 2 seconds. ©

2.4.7-2 Display Average System Response Time

Average system response time, if affected by the number of on-line users, should be displayed at time
of log-on.

ADDITIONAL INFORMATION: This message should not be in code but should contain specific information conceming

current response time and the periods when response time is relatively quick (e.g., "Averege response to sunple commands is
10 10 15 seconds; system response time is usually | to 2 seconds between 1100 and 1200 and after 1600 hours") A

2.4.7-3 Response Time Consistent with Requirements

System response times should be consistent with operational requirements.

ADDITIONAL INFORMATION: Required user response times should be compatible with required system response time.
Required user response times should be within the limits imposed by total user tasking expected in the operational
environment.“

2.4.7-4 Processing Delay
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.
ADDITIONAL INFORMATION: If possible, the system should advise the user of the time remaining for the process or of the
fraction of the process completed *

2.4.7-5 Indicating Completion of Processing
When processing in response to a control entry is lengthy, the user should be given a positive
indication of subsequent completion time, and appropriate related information,

ADDITIONAL INFORMATION: Appropniste related information includes a message stating the need for further user action
is required AF

2.4.7-6 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 occurred ©

2.4.7-7 Keyboard Restoration
When the computer is ready to continue following response time-induced keyboard lockout, a signal

to so indicate should be presented.
ADDITIONAL INFORMATION: For example, cumor changes back to normal shape ©
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Table 2.4, Preferred and Maximum System Response Time

— — = =S
Maximum Preferred
User Activity Response Response
Time (sec.) | Time (sec.)
———
Control Activation (for example, keyboard entry, cursor controller movement) 0.10 < 0.10
System Activation (system imtialization) 3.0 < 0.50
Request for given service: Simple 2.0 < 0.25
Complex 5.0 < 2.0
Loading and Restart 15-€9.0 < 6.0
Error Feedback (following completion of input) =0 < 0.25
Response to 1.D. ~.0 < 0.25
Information on next procedure < 5.0 < 2.
Response to simple inquiry from list 2.0 < 0.25 ]
Response to simple status inguiry 2.0 < 0.25 l
Response to complex mmquiry in table form 24.0 < 0.25
Request for next page 0.5-1.0 < 0.25
Response to “execute problem” < 15.0 < 6.0
Light pen entnes 1.0 < 0.25
Drawings with light pens 0.1 < 0.10
Response to complex mqu ry in graphic form 2-10.0 < 0.25
Response to dynamic modeling - ——
Response to graphic manipulation 2.0 < 0.25
Response to user intervention in automat’'c process 4.0 < 1.50
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2.4 System Response

2.4.7 System Response Time

2.4.7-8 Variability of Response Time
Response time deviations should not exceed more than half the mean response time
ADDITIONAL INFORMATION: For exampic, if the mean response time 18 4 secon the vana

'
n

to 6 seconds *

2.4.7-9 Maximum System Response Times

Maximum system response tumes for real-time systems should not exceed the v alues presented In
lable 2.4
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2.5 Managing Displays
2.5.1 Display Selection and Navigation

5.1-1 Information for Navigating

-t B

A ITIONAL INFORMATION: A graphic display might be pr
hierarchice such as menus. This display might be cor

Movement from any position in the hierarchy to any other positior

sclect the desired position 1n the window display
2.5.1-2 Navigation Among Displays
Users should be able to easily move among displays

2.5.1-3 Sequential Steps on Multipage Displays
When actions on a new display in a sequence require
user should be able to move to the new display only
when an intentional override procedure has been con
2.5.1-4 Navigation Messages
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2.5 Managing Displays
2.5.2 Display Control

2.5.2-1 Dispiay Control
Users should be able to specify the information to be displayed and select the format in which it is

presented .*

2.5.2-2 Display of Control Options
Screen control locations and control options should be clearly and appropriately indicated *

2.5.2-3 Information Displayed as Available
Information that the user must manipulate should be displayed as it becomes available.*

2.5.2-4 Zooming for Display Expansion
The user should be provided with a zooming capability that allows the user to expand the display of
any selected area.”

2.5.2-5 Functional Labeling for Display Framing

User instructions, key labels, etc., should refer to display framing in functional terms and avoid
wording that implies spatial orientation.

ADDITIONAL INFORMATION: 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 verbal labels
altogether. ®

2.5.2-6 Easy Paging
When requested data exceeds the capacity of a single display frame, users should be given some easy

means to move back and forth over displayed material by paging or panning/scrolling.
ADDITIONAL INFORMATION: Dedicated function keys can provide for paging forward and back AF

2.5.2-7 Show Changing Scale
When a display is expanded from its normal coverage, a scale indicator of the expansion factor should

be provided.
ADDITIONAL INFORMATION: A lincar indicator of current map scale might be shown in the margin, or perhaps simply a
numeric indication of the display expansion factor (e.g., : x4 ) F

2.5.2-8 Show Overview Position of Visible Section
When a display is panned and/or expanded from its normal coverage, some graphic indicator of the
position in the overall display of the currently visible section should be provided *

2.5.2-9 Return to Normal Display Coverage
If & user is allowed to pan over an extended display, or zoom for display expansion, an easy means
for the user to return to normal display coverage should be provided.

ADDITIONAL INFORMATION: For example, retumn to normal display coverage might be accomplished by a function key
labeled RETURN, or perhaps RESET AF
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2.5.3 Display Update/Freeze

2.5.3-1 Automatic Display Update
Users should be able to request automatic update (computer regeneration) of changed data, and should
be able to control the update rate ®

2.5.3-2 Readability of Changing Data

Changing data values that must be read should be displayed in a fixed position and updated no more
than once per second. If users need only to monitor general trends in changing data values, and do
not need to take exact readings, faster update rates may be acceptable.”

2.5.3-3 Visual Integration of Changing Graphics
When a user must visually integrate changing patterns on a graphic display, the data should be

updated at a rate appropriate to human perceptual abilities for that kind of data change.

ADDITIONAL INFORMATION: Slowly developing patterns may be seen more casily with time compression, 1.e., with rapid
display of sequentially stored data frames. Fast changing data may require time expansion, 1.¢ , slowed output, to aid pattern
perception. In some applications it is permissible to allow a user to control the speed for update of displayed data i

2.5.3-4 Refresh Rate for Free-drawn Graphics
For free-drawn graphics, the refresh rate on the monitor should be high enough to produce the
appearance of a continuous track.”

2.5.3-5 Display Freeze
The user should be able to "freeze" automatically updated data at any point. This is necessary in
order for the user to examine changed data more deliberately **

2.5.3-6 Labeling Display Freeze
When a display is “frozen," the display should be appropriately labelled to remind users of its
“frozen" status **

2.5.3-7 Signaling Changes to Frozen Data
When a display being updated in real-time has been frozen, the user should be warned if some
significant, but not displayed, change should be detected in the computer processing of new data A"

2.£.3-8 Resuming Update After Display Freeze

When the user elects to resume update after a display being updated in real time has been frozen, the
resumed display update should be positioned at the current real-time point.

ADDITIONAL INFORMATION: In some applications, & user might wish to resume display update at the point it is stopped,
and o the display change would lag real-time datp change. Or, a user might choose to see a speeded “replay” of interim
changes to regain current display status AR
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2.5 Managing Displays
2.5.4 Display Suppression

2.5.4-1 Temporary Suppression of Displayed Data
The user should be able to temporarily suppress standard data displays **

2.5.4-2 Labeling Display Suppression
A data display that has been suppressed should be annotated with an appropriate label to remind users
that data have been suppressed.”

2.5.4-3 Signaling Changes to Suppressed Data
Users should be warned if some significant (but not displayed) change is detected in the computer
processing of new data when data have been suppressed from a display.**

2.5.44 Resuming Display of Suppressed Data
Data that has been suppressed from a display should be able to be quickly restored to its complete,
originally generated form **

2.5.4-5 Dedicated Function Key

Function keys used to restore suppressed data should have no other use.

ADDITIONAL INFORMATION: For instance, if & user must press RETURN to restore suppressed data, that key only
restores the data and does not #lso move a displayed cursor to some other position. A"
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2.5 Managing Displays
2.5.5 Scrolling and Paging

2.5.5-1 Continuous Text Data
Paging and windowing should not used when
gIng &

2.5.5-2 Consistent Orientation
A consistent orientation for display framing should |
ADDITIONAL INFORMATION

; . : .
lala, here called "panning r s

2.5.5-3 Panning with Free Cursor Movement
In applications where a user moves a cursoer '

adopted rather than scrolling as the concepinal |

2.5.5-4 Framing Consistently for All Data
Framing functions should be performed con
displayed data in the same way

ADDITIONAL INFORMATION: |

such as geograpt

2.5.5-§ Paging Controls
Users should be allowed to m«

into separately displayable pages

2.5.5-6 Horizontal Scrolling

I'he user should have the ability to shift
the characters in the horizontal line
ADDITIONAL INFORMATION: This st

orzontal scroll bar

2.5.5-7 Appropriate Scrolling/Paging Structures

Structures tor horizonta ling/paging should apy

Common Display Structure

ot 11 sl 4 srxllie y
sUTUCTU USCA | . i in all Pl

Scrolling/Paging Technigues

sers should have the ability to scr

ORMATI
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§ Managing Displays
5.5 Scrolling and Paging

2
2,
2.

2.5.5-10 One Structure for Vertical, One for Horizontal Movement
Only one scrolling/paging structure should be used for vertical movement in a display and one for
horizontal movement in a display

ADDITIONAL INFORMATION: The placement of the serolling/paging structures should clearly indicate the function for
vertical or horzontal movement. For example, one scroll bar might be placed along one of the side borders of the display |
vertical scrolling and another acroll bar might be placed along the top or botton pposite the me bar) of the diaplay

honzontal scrolling '

2.5.5-11 Labeling Scrolling Function

I'he function of the scrolling/paging structure should be clearly indicated by eitl 1 textual
g/paging

graphic label

ADDITIONAL INFORMATION: For example, a graphic label for the ser har might be &

2.5.5-12 Evident Direction of Paging

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

ADDITIONAL INFORMATION: For example, scroll arrows on a scroll bar might powunt in the direction tha

the paging direction

2.5.513 Paging in One or Multiple Page Increments
Users should be able to page in one page or multiple page increments
ADDITIONAL INFORMATION: For example the user might page multiple pages directly by n page |

scroll bar at which time the display ight move he location in the | ha respongds

2.5.5-14 Discrete Paging
When moving over multiple pages, the movement should be discrete with no display of intermediat

pages between the starting page and the selected page

2.5.5-15 Indicate Absolute and Relative Positions of User

Scrolling/paging structures should indicate both the absolute and relative positions of the user in t
data tile
ADDITIONAL INFORMATION: For example, a page i he scr nig ‘ bsolute pos
mtaining the page numbs he data ¢ andd ndicate the relat POS b ang of 1 " \
2.5.5-16 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 current locat

2.5.5-17 Scroll by Line or Display Unit

e scroll motion rate should allow the user to scroll by line or by display unit
ADDITIONAL INFORMATION: Either technique provides a smooth {low
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2.5.5 Scrolling and Paging

2.5.5-18 Display Window

ROLL and SCROLL commands should refer to the display window, not the text/data.
ADDITIONAL INFORMATION: The display window should appear to the user to be an aperture moving over stationary
text ¥

2.5.5-19 Parameters Refer to Data not Window

The parameters of roll/scroll functions should refer to the data being inspected, not to the window.
ADDITIONAL INFORMATION: From & data onentation, "roli up 5 linea” means that the top five lines of data would
disappear and five new lines would appear at the bottom, the window through which the data is vievied remains fixed
However, when a windowing onentation is established, the wording of scroll functions refers to the display page (or window)
and not 1o the displayed data. In that case, the command “Up 10" would mean that ten lines of data will disappear from the
bottom of the display and ten earlier lines will appear at the top ®
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2.5.6 Windows

2.5.6-1 Window Identification
Windows should be identified by a label consistently located at the top of the window's border.
ADDITIONAL INFORMATION: Labels should remain on the screen while the data seroils underneath them *

2.5.6-2 Window Selection and Display
Users should be able to select separate data windows that will share a single display screen **

2.5.6-3 Displaying Multipie Windows

When multiple windows are open simultaneously, the user should have the capability to easily tile,
layer, or sequeniiaily view the windows (see Figure 2.1).

ADDITIONAL INFORMATION: Depending upon user needs, data windows might appear simultaneously as segments of a
Joint display (i.e., tiled), might be overlaid in varying degrees so as to obscure one another (i.e, layered), or might be
displayed sequentially at the user’s option. In the latter condition, multiple display windows will differ little from muitiple
display pages, except perhaps in speed of sequential access A0F

2.5.6-4 Managing Open Windows
The system should keep track of the windows that are open (but not necessarily active or displayed),

and provide a mear: of displaying the list of open windows to the user.
ADDITIONAL INFORMATION: Open windows, for example, could be listed in a menu or as a graphic.®

2.5.6-5 Window Demarcation
Windows should be visually separated from each other and from their background, preferably by
borders or similar demarcation.*

2.5.6-6 Distinction Between Window Types

Window types should be perceptually distinct (see Figure 2.1).

ADDITIONAL INFORMATION: For example, active windows in both the tiled and layered window environmenta should be
perceptually distinet from inactive window types ”

2.5.6-7 Active Windows Priority
Under normal operating conditions, active windows should be frontmost on the display.”

2.5.6-8 Caution and Warning Window Priority
Caution and warning windows should be frontmost on the display.”

2.5.6-9 Default Window Size
The size and shape of the initial presentation of a window should be consistent with its contents

(amount of information, number of menus, data fields, etc.)
ADDITIONAL INFORMATION: When a window temporanily obscures other displayed data, the obscured data should not be
permanently erased but should reappear if the overlay is removed A"
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2.5.6 Windows

Layered Windows Tiled Windows

VDU
ceimviasiihanis]

Active Inactive
Window Window

Active
Window

Inactive Inactive
Window Window

Figure 2.1. Layered and tiled windows

2.5.6-10 Minimum Height for Text Windows
The default height for text windows and windows used for scanning data should be at least four lines
of information.

ADDITIONAL INFORMATION: Window awzes of four lines provide better performance than those with fewer than four
lines. Windows with more than four lines show little advantage over windows with four lines A-P-F

2.5.6-11 Minimum Width for Text Windows

The default width for a generic text window should enable 50-80 characters to be displayed.
ADDITIONAL INFORMATION: When users read continuously scroiling text (at a rate set by the user), line lengths of 52 to
78 chamcters provide the fastest performance. ©

181



2 USER-SYSTEM INTERACTION
2.5 Managing Displays
2.5.6 Windows

2.5.6-12 Consistent Window Control
User control of windows should operate consistently from one display to another for each type of

window.

ADDITIONAL INFOP* ¢ " ION: Contrul of predefined windows may simply involve "opening” and “closing” them, by
sclection of displaye 1+ .1 labels or function keys. Control of user-defined windows may require user specification of window
contents, window size and positioning on the display. Such window control must be learned by a user, and consistent design of
control logic aids that leaming A%

2.5.6-13 Window Control Functions

As appropriate to the user task, windows should be capable of the following operations:
scrolling/panning, resizing, moving, hiding, activating, deactivating, copying to/from, zooming
in/out, tabbing, and undo-last.

ADDITIONAL INFORMATION: Some tasks will require fewer window operstions than others. For example, a window that
simply presents a one-line status message from the system that the user will only read and not respond to might need to only
have the ability to be closed. It might not need to be movable, adjustable in size, ete. A

2.5.6-14 Consistent Control Within Windows
When control actions such as command entry may be taken by a user working within a window, those

control actions should be consistent from one window to another,
ADDITIONAL INFORMATION: Cursor positioning controls should operate consistently within all windows If controls in
one window operste differently than in another, user confusion will be unavoidable.

2.5.6-15 Window Opening Methods

The user should be able to open a window by performing any of a set of simple actions.
ADDITIONAL INFORMATION: Typical methods of opening windows include: issuing 8 command to open a specific
window, selecting a window title from a list on a menw, or selecting an icon for the window ”

2.5.6-16 Closing Windows
Users should be able to close a window with a single action,”*

2.5.6-17 Easy Shifting Among Windows

If several windows are open, several easy means should be provided for a user to shift among them.
ADDITIONAL INFORMATION: Typical methods of shifting among open windows include: clicking a mouse button, the tab
key, cursor keys, or a function key. The most direct methad might be to allow a user to select a window by pointing anywhere
within its displayed borders, but that action might be confused with the selection of a particular item within the window. ¥

2.5.6-18 Activating a Previously Opened Window

The user should be able to put a window in the interactive state by performing any of a set of simple
actions in that window or related to that window.

ADDITIONAL INFORMATION: A window might be activated by moving the pointing cursor to the window and performing
any action, ncluding pressing & key or a button on & cursor control device, issuing a command to open a specific window;
selecting & window title from & list on & menu, or selecting an icon representing the window ©

2.5.6-19 Activation of Window Cursor
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 .”
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2.5.6-20 Muiti-Modal Window Designation
If windows are capable of different modes, the system

feedback concerning which mode is active

2.5.6-21 Movable Windows
Window movement capability should be provided s that the user can mo

areas of the display

2.5.6-22 Window Position
It should not be possible to position windows in such a way that menu bars

area, or caution and warning messages are obscured

2.5.6-23 Smooth Window Movement

Movement of a window shoul

2.5.6-24 Indicate Active Window
If several windows are displayed at once, the window
indicated
AL INFORMATION
Ity [ dala assuy

lLigplayed border of an active wind

2.5.6-25 Update of Hidden Windows
A window that is not displayed should be
ADDITIONAL INFORMATION: Parmameters sh

reported 18 irrently displayed

2.5.6-26 Alerting User to Information Availability
I'he system should alert the user to critical informati

non-displayed window

2.5.6-27 Window Activates Upon Opening
1
i

he action that opens a window should automatically m

2.5.6-28 Varying Window Size

Users should be able t« Jnange

Accessibility to Partially Removed Windows
Windows partially moved off the displayv should be mad

2.5.6-30 Scroliable Windows
The user should have the ability to

vertically
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2.5.6-31 User Control of Automatic Update

Automatically updated windows should have display freeze capabilit
ADDITIONAL INFORMATION: When a window displays automatically updated informat |
er the rale &l which automatically ndated screens are scr A
2 4
4
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2.6.1-1 Natural Units of Text

Users should be allowed to specity segments of text in whatever units are natural for entry/editing
ADDITIONAL INFORMATION: Fo formatted ree ext atural units v he chara ‘ f phrases
paragrapns, and pages. For specually | tted X, such as ¢ F prog sling ¥

procedures, and subprograms) may he us

2.6.1-2 Text Displayed as Printed

Users should be allowed to display text exactly as it will be prints

€ | {
ADDITIONAL INFORMATION: Accumte lisplay s particularly necessary when the forma
when prinling ietters, lables, el tdeally, text displays should be able to reg sent all the feal [ r
Wiput, ul 1‘51!‘*’ ipper andl lower case, underbimng, bolding, subscripling, superk rg £, 8 A
and mzes of type. When those featurcs are important, the necessary display ipability should be | vid i Y
rmatting features that are r frequ ay be sufficier 8¢ cxtm 8§ o |8 X ha ! g
rectly displayed. [n that casc arc should be tak it such annotat) loes not disturb the g g of displayed tex
AY require A dispiay modaes net $HOW ! sDA g Af <
rouan this recommendal ¥ Lhat changes mad t A {
% show changes 1 ' \ 1
terfa leaign.
2.6.1-3 Format Control by User
Easy means should be provided for users t [ Ity required ftormat cont featur I
tab settings) during text entry/editing
DODITIONAL INFORMATI Kequire ¢ v
W s that a equIre forma es sh A A N
th e § 1ARK § { "% { e A 4
ALl L) L f L] A A RN g W | ¥
3 i “pla 1 A ¥
) : . r
2.6.1-4 Establishing Predefined Formats
When text formats must follow predefined star th I
utomatically and not rely on users to remember and specify proper
ADDITIONAL INFORMATION: | A e, st
A
ICREA §
Y -l ¢ . 4
2.6.1-§ Storing User-Defined Formats
When text f rmats cannot be pI adicted 1n advance. users should | ihle t o1 fv and store t f
use the formats that mi be needed for particular applicatior
ADDITIONAL INFORMATION ¥ S RAITY y special forma g g
4 3 - A
wr Wi VAN
9
2.6.1-6 Consistent Word Spacing
Unless otherwise specified by the user [ X t tit nst
spacing between w | aving right - Lo i : ‘
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2.6.1-7 Hyphenation by Users

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.

ADDITIONAL INFORMATION: Where compcund words have been hyphenated by a user, the computer should break the
compound after the hyphen for pagination or line breaks unless otherwise specified by the user. Compound words formed with
slashes (e.g , “entry/editing”) might be treated in a similar manner *-©

2.6.1-8 Changing Physical Characteristics of Text

The user should have the ability to change the physical characteristics of text.

ADDITIONAL INFORMATION: The physical characteristics under the user's control might include font type, size, znd
capitalization; the ability to change the font style (e.g., by underlining, italicizing, and/or bolding characters or strings of
chamcters), and/or to alter tab position in any part of a text file.?

2.6.1-9 Tabs

A tab function should be available for paragraph indentation and for moving the cursor to a
preselected location.

ADDITIONAL INFORMATION: The user should be able to set tabs al locations across a display, consistent with the spacing
provided by the spsce bar  The symbols indicating the location of tabs should be invisible to the user by default but should
become visible with a single action by the user (for example, by making a screen ruler appear on the display or displaying the
1ab symbols within the text field).”

2.6.1-10 Tab Controls
For editing programs or tabular data, cursor tab controls or other provisions for establishing and
moving readily from field to field should be provided.”

2.6.1-11 Margins

The user should have the ability to change margins for a text file,

ADDITIONAL INFORMATION: This capability should include changing margins so that the user cannot view all of the
characters in the horizontal line. Rationale: Users may need to have a double page size for the equivalent of & 14 x 17 page

2.6.1-12 Automatic Line Break

For entry/editing of unformatted text, an automatic line break ("carriage return”) should be provided
when text reaches the right margin, with provision for user override.

ADDITIONAL INFORMATION: For specially formatted text, such as computer program listings, users may need to control
line structure themaselves and hence need to override any automatic line break.  Even when entering unformatted text, a user
will sometimes wish to specify & new line at some particular point, if only for sesthetic reasons A*

2.6.1-13 Automatic Pagination Aids

Automatic pagination for text entry/editing should be provided, allowing users to specify the page
size.

ADDITIONAL INFORMATION: For short documents, automatic pagination may not be needed. If automatic repagination is
not provided, a waming message should be presented to the user *F
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2.6.1-14 User Control of Pagination
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.

ADDITIONAL INFORMATION: When producing a large document, a user may wish to split it into severnl separate text files
for convenience in editing, and hence need to control the page numbering of those component sections. In general, a user will
want flexibility in assembling different computer files to create a composite document. For example, & user might wish to
number the first page of a document 23", or perhaps skip a page number in the middle of a document > F

2.6.1-15 Controlling Integrity of Text Units

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 pages, such as lists or tables.*"

2.6.1-16 Protecting Text During Page Overruns
When a user is inserting 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.

ADDITIONAL INFORMATION: It is difficult for a user Lo keep track of page size, particularly if the size of the display
screen is less than the full page specified for printed text. A user will often not know when more text has been inserted into a
page than there is room for. The computer should accommodate text insertions with automatic repagination. ¥

2.6.1-17 Head-and Foot-of File
The means should be provided to readily move the cursor to the head or the foot (end) of the file.”

2.6.1-18 Inserting
When inserting words or phrases, items to be inserted should be displayed as the final copy will

appear *

2.6.1-19 String Search
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.

ADDITIONAL INFORMATION: An automatic stning scarch capability will generally speed cursor placement in comparison
with incremental positioning, particularly when moving over large portions of a document. Expert users may also wish to
incorporate special characters in string search, including format control characters such as those for tabbing, bolding, ete AF

2.6.1-20 Multiple Methods of Searching
Users should have multiple methods for searching for lines or alphanumeric strings.”

2.6.1-21 Search for Line Numbers
Users should have the ability to search for and move to a specific line number in a file.”
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2.6.1-22 Upper and Lower Case Equivalent in Search

Unless otherwise spe ified by a user, upper and lower Cast ters should be tr 1S equiva {
'«!':ﬁf.,t'.!{[;,’ rext
ADDITIONAL INFORMATION: For example, "STRING Stnng and “string” should all be recognized/accey t
mpu when sear g that word. In searching SCTR W ge 1 be ind ¢ stinet !
pper a W X I'h I - in ¢ d 3 W “ [ care a
A K i f ar i . res featur As ! ¥ g arer Be A 8 tung
2.6.1-23 Specifying Case in Search
When case is important, users should be allowed to specify case as a selectabl tion in string
ear
ADDITIONAL INFORMATION. Users may also wish to specify features such as bolding, us ning, and quotes whe
o8 ng A i £ il O nNg a A wAdIng A \ 5 V18t { A
s r B wine I AppCars A n‘. E "
2.6.1-24 Global Search and Replace
editing changes will be made throughout a | ¢ document, a "global search and
ty should be provided
RMATIO! 4 XL 8
n ( ) a SCE A 1 L K A
A nang A ' A ] § 4 3

bal search and replace capability is provided, the case of the repiacement string should match

ase of the old string, unless otherwise specit ed by the user

INAL INFORMATION: If a word is replacing the first word in a sentence, the first he new word 8
apita | s replacing a w v A AR N W 1 1 S
11 i L 1} 14 M. ve \‘ A N W ] AN rre
2.6.1-26 Moving Text
Users should be allowed to select and move text segments from one place to another within a
INFORMATION A user sh nol ha t CKC tex Al 18 already avauar the
puter W elLr ~ Wing C UL { 4 . f 4 A
which ) text remains aAw My h er and R D¢ ;r-\h‘«‘ A ¥ I I § 4 DAS
hack into its ongina Ca and peas 2 il & new loca P
2.6.1-27 Pasting Text into a Graphical File and Vice Versa
I'he user should be able to paste (1) alphanumeric data cut or copied from a text file or table into a
graphical display and (2) graphical data into a text or tabular file
2.6.1-28 Cutting Graphical Objects and Areas of Graphical Displays
Users should be able to cut both graphical objects and areas ot a graphica [
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2.6.1-29 Viewing Text Prior to Pasting
Users should be able to view text that has been cut or copied prior to pasting.”

2.6.1-30 Placing Cut Text in Compatible Files
Users should be able to insert copied text at any location in the current file or other files created with

the same application.
ADDITIONAL INFORMATION: One means of implementing this feature is a temporary editing buffer into which the system
would place cut text ©

2.6.1-31 Placement of Pasted Text
The pasted text should be inserted at the location immediately before the cursor (in a text file), or at

the approximate location of the cursor (in a graphical file).
ADDITIONAL INFORMATION: At the end of the paste process, the cursor should have the same text following it as before
the process.”

2.6.1-32 Pasting the Same Text More than Once
Pasting the most recently cut or copied text should have no effect on a users’ ability to paste the same

text again.
ADDITIONAL INFORMATION: The user should be able to paste the most recently cut or copied text as many times as he or
she chooses. The text to be pasted is replaced only when new text is cut or copied.”

2.6.1-33 Cutting Without a Gap in the Text

No gap should be left in the file at the point from which cut text was removed.
ADDITIONAL INFORMATION: The cumor should remain in the same location as pricr to the cut, V

2.6.1-34 Storing Frequently Used Text
Users should be allowed to label and store frequently used text segments, and to later recall (copy

into current text) stored segments identified by their assigned labels.
ADDITIONAL INFORMATION: For example, much text processing involves repetitive elements specific to different
applications, such as signature blocks, technical terms, long names, formulas or equations. ®

2.6.1-35 Vertical Scrolling When Selecting Text
If the selected text, table, or graphics area extends beyond the bottom of the displayed page, the
screen should automatically scroll until the user stops selecting.”

2.6.1-36 Non-Contiguous Blocks of Text

Users should not be able to select non-contiguous blocks of text when cutting and pasting.
ADDITIONAL INFORMATION: Cutting and pasting (operations which frequently follow selecting) is ambiguous with
non-contiguous blocks, especially with respect to the spatial relation between the two non-contiguous blocks when they are
pasted into a text file at a new location or into & new text file P
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2.6.2-1 Saving to a Data File
The user should be able to save the information entered into a file by a single action that will permit

the user to continue interacting with that file,
ADDITIONAL INFORMATION: This action replaces the previous information stored in the file with the newly saved
information ”

2.6.2-2 Exit With Save
After finishing the interaction with any type of file, the user should be able to save the information
and stop interacting with the file by a single action.”

2.6.2-3 Exiting a File
After finishing the interaction with any type of file, the user should be able to stop interacting with

the file by a single action (e.g., selecting a menu item) without saving the changes to the file.
ADDITIONAL INFORMATION: Commands for exiting are different from those for saving and exiting with a save o

2.6.2-4 Distinet Commands for Exit With and Without Save
The command used to "exit with save" should differ from the commands for "save" (without exit) and
for "exit without save."”

2.6.2-5 Protection Against Exiting a File Without Saving

Th= user should be protected against exiting a fil. without the opportunity to save the file contents.
ADDITIONAL INFORMATION: The system should require users to venfy that they want to exit and lose their most recent
s D

1sputs

2.6.2-6 Recovery of Replaced File
Information from a file that has been modified and stored with the "save” or "exit with save” actions
shouid be retrievable with a single action.”

2.6.2-7 Automatic Saving of a File
The system should save a file automatically at frequent intervals while being edited.
ADDITIONAL INFORMATION: Users should be aware of automatic file saving operations

2,6.2-8 Automatic Backup
Users should have the option of invoking an automatic backup function that retains previous versions
of files. The specific number of previous versions saved should be selectable by the user.”

2.6.2-9 Access of Modified Faformation After Exit Without Save
Information from a file that has been modified by new input should be retrievable with a single action

even after exiting without saving new input.
ADDITIONAL INFORMATION. The modified file is accessible for a period of time after the "exit” actions ©
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2.6.3-1 Automatic Placement of Cut Data in Buffer

When selected data is cut or copied from a text file, tabular file, and/or graphics file and placed in a
temporary editing buffer, the data should be placed in the buffer automatically, with the only specific
action required by the user being the cut or copy action.

ADDITIONAL INFORMATION: If a temporary editing buffer is used, data pasted into a text file, tabular file, and/or
gruphics file is pasted from that buffer.”

2.6.3-2 Contents of Temporary Buffer
The contents of the temporary editing buffer should remain intact after the application from which the
contents were taken is closed.”

2.6.3-3 Default Conditions of Buffer

The default condition should be that additions to the temporary editing buffer are not cumulative.
ADDITIONAL INFORMATION: New data placed in the buffer replaces old data ”

2.6.34 Access to Contents of Temporary Buffer
The user should be able to access the contents of the temporary editing buffer in a window with a
single action.

ADDITIONAL INFORMATION: Access to the contents of the temporary editing buffer permits the user to read the contents,
but not operate on them. b
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2.6.4-1 Accessing Information Across Applications
I I'he capability to accept and maintain information, independent of application, should be provided f
holding relevant information across displays or application

ADDITIONAL INFORMATION An example of thus capability 13 the scrapbook or excery

2.6.4-2 Excerpt File

Users should have the capability to create multiple Excerpt File

.6.4-3 Integrating Data

)
2
I'he user should have the capability to integrate new data with data already in the file
\

DDITIONAL INFORMATION i\(,“x’ ng data maught ux I¢ pasting e new data |
pasting the new dala he re data already in the il and (23 ericaving ew dala in dala already i Ea I these
apadhilities shy i he avatlable through a single user a
2.6.44 Copying Excerpt File
I'he user should be able to cut or copy data from the Excerpt File and paste it to any other file
‘ 2.6.4-5 Saving Excerpt File
Ihe user should be able to save the Excerpt File
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2.7.1 Validating User Input

2.7.1-1 Automatic Data Validation
Software for automatic data validation should be provided to check any item whose entry and/or
correct format or content is required for subsequent data processing.**

2.7.1-2 Validation

Data entries should be validated by the system for correct format, legal value, or range of values.
Where repetitive entry of data sets is required, data validation for each set should be completed before
another transaction can begin.*

2.7.1-3 Stroke-By-Stroke Echo
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.*

2.7.14 System Validation
Where possible, when a command entry does not meet validation logic, a cautionary message should
be displayed asking the user to confirm data entry.

ADDITIONAL INFORMATION: For example, during reactivity control, the following type message may be displayed: "A
negative value has been entered in the field 'Control Rods. " Please enter a positive number between | and 324

2.7.1-5 Data Verification by User Review
When verification of prior data entries is required, users should be allowed to review and confirm the

data, rather than re-entering the data.

ADDITIONAL INFORMATION: For routine venfication, data review by the user will be quicker than re-entry, with less risk
of introducing new errors.  For special verification, as when computer processing has detected doubtful and/or discrepant data
entries, the user should be alerted with an appropriate advisory message ®

2.7.1-6 Cross Validation of Related Data
For the entry of related data items, automatic cross validation should be provided to ensure that the

data set is logically consistent,
ADDITIONAL INFORMATION: Such cross checking is a significant advantage of on-line data processing, providing
computer aids to help users detect logical errors ®

2.7.1-7 Displaying Defauit Values
Currently operative default values should be displaya for data entry, so that users can review and
confirm them f-r computer processing.®

2.7.1-8 Non-Disruptive Error Messages
If data validation detects a probable error, an error message should be displayed to the user at the

completion of data entry. _
ADDITIONAL INFORMATION. An ongoing transaction should not be interrupted. * ¥
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2.7.1-9 Timely Validation of Sequentia! Transactions

In a repetitive data entry task, the data for one transaction should be validate
allowed to correct errors before beginning another transaction

ADDITIONAL INFORMATION: This is particularly important when the task

' {

30 that a user can detect and correct entry errors whiie the relevant docume

2.7.1-10 Optional Item-by-Item Validation
Optional item-by-item data validation within a muitiple-entry transaction should be j
ADDITIONAL INFORMATION: This capability, which might be termed a

3 A
user who 18 uncertain about the requirements imposed on cach data iten

2.7.1-11 Deferral of Required Data Entry

If a user wishes to defer 2ntry of a required data item, the user ¢

symbol in the data field to indicate that the item has been tempo

2.7.1-12 Reminder of Deferred Entry

)i
If a user has deferred entry of require

should be signaled to the user and immediate entr

should be allowed.*

2.7.1-13 User Validation
e user should be able to

rranhit fispl g A
rapnic adisplays
graj .
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2.7.2 Correcting Information/Command Entries

2.7.2-1 Acknowledging Corrections
All error corrections by the user should be acknowledged by the system either by indicating a correct
entry has been made or by another error message ©

2.7.2-2 UNDO to Reverse Control Actions

Any user action should be immediately reversible by an UNDO command.

ADDITIONAL INFORMATION: UNDO itself should be reversible, so that a second UNDO action will do again whatever
was just undone. Even with an UNDO capability, however, a user may make an irretrievable mistake, if succeeding actions
iniervene before a prior destructive action i noticed.  If a user is overhasty in confirming a destructive action, and realizes the
ristake right away (i.e., before taking another action), then an UNDO action might be taken to reverse the damage ®

2.7.2-3 User Review and Editing of Entries

For all inputs, whether data entries or commands, users should be allowed to edit composed material
before requesting computer pro:essing.

ADDITIONAL INFORMATION:, Input editing will allow users to correct many errors before computer processing. When an
error is detected, a user will be able to fix it by editing, i.e., without having to retype any correct items (which might introduce
further errors) ®

2.7.2-4 Immediate Error Correction
When the system detects an error in a user input, the user should be allowed to make an immediate

correction,

ADDITIONAL INFORMATION: It is helpful to correct data entry crrors al the source, 1.¢., while a user still has the entry in
mind and/or source documents at hand. When a user cannot correct an entry, as when transenibing from a source document that
itself contains an error, it may help to aliow the user to defer entry of the wrong item. Alternatively, the user might wish to
cancel the transaction.®

2.7.2-5 Editing Entries After Error Detection
Following error detection, users should be allowed to edit entries by rekeying only those portions that

were in error.
ADDITIONAL INFORMATION: If a user must re-enter an entire data set (o correct one wrong item, new errors may be
made in previously correct items. ®

2.7.2-6 Explicit Entry of Corrections
Users should be required to take an explicit ENTER action for computer processing of error

corrections.
ADDITIONAL INFORMATION: The action taken to accomplish corrections should be the same action that was taken to enter
the data originally ©

2.7.2-7 Automated Correction Aid
When inappropriate or unrecognized commands are detected, a list of permissible commands, or
commands predicting what the user is attempting should be provided.”
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2.7.2-8 Flexible BACKUP for Error Correction
Users should be allowed to BACKUP easily to previous steps in a transaction sequence in order to

correct an error or make any other desired change.
ADDITIONAL INFORMATION: For example, a user mught wish to BACKUP through the defined sequence of a
question-and-answer dialogue in onder to change 1 previous answer £

2.7.2-9 Errors in Stacked Commands

If an error is detected in a stacked series of command entries, the computer should either consistently
execute to the point of error, or else consistently require users to correct errors before executing any
command.

ADDITIONAL INFORMATION: In most applications, partial execution will probably prove desirable. The point here is that
an interface design decision should be made and then followed consistently ®

2.7.2-10 Partial Execution of Stacked Commands
If only a portion of a stacked command can be executed, the user should be notified and provided
appropriate guidance to permit correction, completion, or cancellation of the stacked command.

ADDITIONAL INFORMATION: Note that stacked commands can fail because of error in their composition, or for other
reasons such as unavailability of required data ®

2.7.2-11 Replacing Erroneous Commands

If a user makes a command entry error, after the error message has been displayed the user should be
allowed to enter a new command.

ADDITIONAL INFORMATION: A user should not be forced to correct and complete an erroneous command. In considering

a command entry error message, a user may decide that the wrong command was chosen in the first place, and wish to
substitute another command instead *

2.7.2-12 Correcting Command Entry Errors
If a command entry is not recognized, the user should be allowed to revise the command rather than
rejecting the command outright.

ADDITIONAL INFORMATION: Misstated commands should not simply be rejected  Instead, software logic should guide
users toward proper command formulation AF
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7.3 Confirming Entries

2.7.3-1 User Confirmation of Destructive Entries

When a control entry will cause any extensive change in stored in
operation, and particularly if that change cannot be easily revers
confirmation of the action should be required before implementing it
ADDITIONAL INFORMATION: What constitutes "potentially destructive

peralion.  When user entries or changes will be nullified by an abort act
Confirmation messages should be sumpie, positive

2.7.3-2 Warning Users of Potentia! Information Loss

For conditions which may require special user attention to protect against in
alert and/or warning message should be provided to prompt appropriate use
ADDITIONAL INFORMATION The prompt for 8 CONFIRM actior

I example, the message CONFIRM deletion entire FEEDWA

ompiete fiie s to be deleted, sufficient informatior name, descr

a I

piayed to venly the file | jelett

) 7
2

33 Preventing Data Loss at LOG-OF}
When a user requests LOG-OFF, pen
transaction will not be completed

onfirmation should be displayed
ADDITIONAL INFORMATION: A user

actions

3-4 Displaying Data to be Changed

if a user requests change (or deletion) of
the old and new values should be dispias
the transaction is completed

AL INFORMATION
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2.7.4-1 Protection from Computer Failure

Automatic measures should be provided to minimize data loss from computer failure.

ADDITIONAL INFORMATION: An automatic capability is needed because users cannot be relied upon to remember to take
necessary protective measures. Though not strictly a feature of user interface design, reliable data handling by the computer
will do much to maintain user confidence in the system. Conversely, data loss resulting from computer failure will weaken
user confidence, and reduce user acceptance where system use is optional. For example, depending upon the cnticality of the
application, different protective measures may be justified, including periodic automatic archiving of data files, mnmlenmcc of
transaction loge for reconstruction of recent data changes, or even provision of parallel "backup” computing facilities.®

2.7.4-2 Protection from Interrupts
When a proposed user action will interrupt a current transaction sequence, automatic means to prevent

data loss should be provided.

ADDITIONAL INFORMATION: If potential data loss cannot be prevented, the user should be warned. Interrupts should not
he permitted without user confirmation. Some interrupt actions such as BACKUP, CANCEL, or REVIEW, will by their
definition cause only limited data change, and so need no special protection. However, if an interrupt action may cause
extensive data change (¢.g , RESTART, LOG-OFF), then the user should be required to confirm that action before processing
If & user should interrupt a series of changes to a data file, then the computer might automatically save both the original and the
changed versions of that file for subsequent user review and disposition.®

2.7.4-3 Protection from Data Change

When information must not be changed, users should not be permitted to change controlled items.
ADDITIONAL INFORMATION: It is not enough simply 1o instruct users not to make changes in displayed information. ®

2.7.4-4 Explicit Action to Select Destructive Modes

Users should take explicit action to select any operational mode that might result in data loss.
ADDITIONAL INFORMATION: Destructive modes should not be established automatically. In many applications, it may be
better not to provide any destructive mode. Instead of providing a DELETE mode, for example, require that DELETE be a
discrete action subject to confirmation by the user when the requested data deletion is extensive.®

2.7.4-5 Safe Defaults
If automatic defaults are provided for control entries, those defaults should protect against data loss,

or at least not contribute to the risk of data loss.

ADDITIONAL INFORMATION: For example, when printout of filed data is requested, one control option might be to delete
that file after printing. The default value for such a destructive option should automatically be set to NO whenever the printing
options are presented to a user for selection. ®

2.7.4-6 Protecting Physical Controls
If activation of function keys (and other control devices) may result in data loss, they should be
located separately and/or physically protected to reduce the likelihood of accidental activation ®
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2 USER-SYSTEM INTERACTION
2.7 Prevention/Detection/Correction of Errors
2.7.4 Protecting Data

2.7.4-7 Disabling Unneeded Controls

When function keys and other devices are not needed for current control entry, and especially when
they may have destructive effects, they should be temporarily disabled by the software so that they
cannot be activated by a user.

ADDITIONAL INFORMATION: Some means should also be provided to help users distinguish currently active from disabled
controls, such as brightening (active) or dimming (disabled) their associated labels. If labeling is adequate, then user selection
of a disabled control need produce no response. If adequate labeling cannot be provided, then user selection of a disabled
control should produce an advisory message that the control is not currently active. F

2.7.4-8 Distinctive File Names

When data files may be deleted (or overwritten) by name, the names of different files should
distinctive,

ADDITIONAL INFORMATION: [n many applications, file naming is a user option, and distinctive naming will depend on
user judgment. The computer might provide an advisory message if a proposed new file name is similar (e.g., identical in the
first 5 letters) to the name of an existing file. ®

2.7.4-9 Feedback for Mode Selection
When the 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.

ADDITIONAL INFORMATION: A user cannot be relied upon to remember prior actions. Thus any action whose results are
contingent upon previous actions can represent a potential threat to data protection. For example, if a DELETE mode is being
used to edit displayed data, some indication of that mode should be continuously displayed to the user.©

2.7.4-10 Protection from Interference by Other Users

Data should be protected from inadvertent loss caused by the actions of other users.

ADDITIONAL INFORMATION: When one user’s actions can be interrupted by another user, as in defined emergency
situationa, that interruption should be temporary and nondestructive. The interrupted user should subsequently be able to
resume operation at the point of interruption without data loss. When multiple users review, enter, or modify data in a system,
they should be able to review and browse data changes or entries made by other users. In systems where information handling
requires the coordinated action of multiple users, it may be appropriate that one user can change data that will be used by
others. But when multiple users will act independently, then care should be taken to ensure that they will not interfere with one
another ©

2.7.4-11 Segregating Real from Simulated Data

When simulated data and system functions are displayed or provided (perhaps for user training), real
data should be protected and real system use should be clearly distinguished from simulated
operations .®

2.7.4-12 Data Entry/Change Transaction Records
In situations where unauthorized data changes may be possible, users (or a system administrator)

should be able to request a record of data entry/change transactions.

ADDITIONAL INFORMATION: Tmnsaction records might be maintained for purposes of user guidance as well as for data
Loga B

protection
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2 USER-SYSTEM INTERACTION
2.8 System Security
2.8.1 User Identification

2.8.1-1 Automated Security Measures

When required, automated measures to protect data security should be provided, relying on computer
capabilities rather than on more fallible human procedures.

ADDITIONAL INFORMATION: For protection against unauthorized users, who may be intruders in a system, the need for
automated security measures is clear. For legitimate users, the need for data protection is to minimize data loss resulting from
potentially destructive equipment failures and user errors. Even careful, conscientious users will sometimes make mistakes, and
user interface logic should be designed to help mitigate the consequences of those mistakes ®

2.8.1-2 Warning of Threats to Security

Messages and/or alarm signals in order to warn users (and system administrators) of potential threats
to data security (i.e., of attempted intrusion by unauthorized users) should be provided.

ADDITIONAL INFORMATION: For protecting data from unauthorized use, it may not be enough merely to resist intrusion.
It may also be helpful if the computer can detect and report any intrusion atiempts. In the face of persistent intrusion attempts,
it may be desirable to institute countermeasures of some sort, such as changing user passwords or establishing other more
stringent user authentication procedures ©

2.8.1-3 Auxiliary Tests to Authenticate User Identity

When system security requires more stringent user identification than is provided by password entry,
auxiliary tests should be devised that authenticate user identity without imposing impractical demands
on the user's memory.*

2.8.1-4 Easy LOG-ON

The LOG-ON process and procedures for user identification should be as simple as possible consistent
with protecting data from unauthorized use.

ADDITIONAL INFORMATION: The LOG-ON process should provide prompts 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.
Authentication of user identity is generally not enhanced by requiring a user to enter routine data such as terminal, telephone,
office or project numbers. In most organizations, those data can readily be obtained by other people. If verification of those
data is neeaded. the user should be asked to review and confirm currently stored values in a supplementary procedure following
LOG-ON.

2.8.1-5 Private Entry of Passwords

When a password must be entered by a user, password entry should not be displayed.

ADDITIONAL INFORMATION: Covert entry of passwords will prevent casual eavesdropping by onlookers. This represents
an exception to the general recommendation that all entries should be displayed  Special characters (e g., * or #) may be
displayed with each keystroke rather than the actual charcters being entered.  Alternatively, blanks may be displayed
sccompanied by an sudio cue (e.g., a click or beep) for keystroke feedback ©F

2.8.1-6 User Choice of Passwords

When passwords are required, users should be allowed to choose their own passwords and to change
their passwords as needed.

ADDITIONAL INFORMATION: Where data protection is critical, user selected passwords should be tested against a list of
common passwords (“me", car types, names spelied backwards "nhoj”, birth dates, etc.). A password chosen by a user will
generally be easier for that individual to remember. Security is enhanced if users are readily able to change their passwords,
€ §., 8 user may suspect that a password has been disclosed, and thus wish to change it ©
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2 USER-SYSTEM INTERACTION
2.8 System Security
2.8.1 User Identification

2.8.1-7 Limiting Unsuccessful LOG-ON Attempts

A maximum limit on the number and rate of unsuccessful LOG-ON attempts should be imposed.
ADDITIONAL INFORMATION: These limits should provide a margin for user error while protecting the system from
persistent attempts at iliegitimate nccess. A record of continuing failure by any particular user to complete successful LOG-ON
procedures, including password entry and other tests of claimed user identity, may indicate persistent intrusion attempts or lack
of fitneas for duty. Repeated LOG-ON failures might thus be grounds for denying access to that user. Access might be denied
temporarily for some computer-umposed time intervel, or indefinitely pending review by a system administrator. Legitimate
users will sometimes have difficulty completing a succeasful LOG-ON, perhaps due to inattention, or & faulty terminal, or
faulty communications. Occasional LOG-ON failures of that kind should be tolerable to the system, with the user simply
invited to try again®

2.8.1-8 Continuous Recognition of User Identity

Once a user’s identity has been authenticated, whatever data access/change privileges are authorized
for that user should continue throughout a work session.

ADDITIONAL INFORMATION: If an identified user is required to take separate actions to authenticate data handling
transactions, such as accessing particularly sensitive filee or issuing particular commands, the efficiency of system operations
may be degraded Where continuous venfication of user identity seems required for data protection, some automatic means of
identification raight be employed for that purpose ®

2.8.1-9 Single Authorization for Data Entry/Change
User authorization for data entry/change should be established at initial LOG-ON *

2.8.1-10 Log-on
When users must log-on to a system, log-on should be a separate procedure that is completed before a
user may select any operational options.®

2.8.1-11 Log-on Frame
The log-on frame should appear as soon as possible on the display with no additional user
involvement.*

2.8.1-12 Log-on Delays
Log-on delays should be accompanied by an advisory message to tell the user status and when the
system will become available.*

2.8.1-13 Immediate Start of Productive Work

After completing the sign-on process, the user should be able to start productive work immediately *

2.8.1-14 Log-off
If there are pending actions and the user requests a log-off, the system should inform the user that
these actions will be lost and allow the user to cancel either the pending actions or the log-off.*

2.8.1-15 Saving Open Files in Automatic Log-off
Where possible, in the event of automatic log-off, open files should be saved to some defined file

name.
ADDITIONAL INFORMATION  For example by concatenation of Users Name + Date ®
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2 USER-SYSTEM INTERACTION
2.8 System Security
2.8.1 User Identification

2.8.1-16 Automatic Logoff
Interactive timesharing systems should allow some specified time between keyboard actions before
automatic log-off unless a longer period is requested by the user.”

2.8.1-17 Audible Signal for Automatic Logoff
An audible signal should be presented at specified intervals prior to automatic log-off *
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USER-SYSTEM INTERACTION
8 System Security
8.2 Information Access
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2 USER-SYSTEM INTERACTION
2.8 System Security
2.8.2 Information Access

2.8.2-7 Protecting Displayed Data

When protection of displayed data is essential, computer control over the display should be
maintained.

ADDITIONAL INFORMATION: It is not enough simply to instruct users not to make changes in displayed data. Users may
atterpt unwanted changes by mistake, or for curiosity, or perhaps even to subvert the system. ©

2.8.2-8 Indicating "Read-Only" Displays

When users are not authorized to change displayed data, "read-only" status should be indicated on the
display.

ADDITIONAL INFORMATION: In applications where the use of read-only displays 1s common, then some simple cue in the
display header may suffice to indicate that status. In applications where users can usually make additions and/or corrections to
d'uphyog data, then any exception to that pmctice may confuse a user and so should be noted more prominently on the

display .©

2.8.2-9 Automatic Records of Data Access

When records of data access are necessary, the records should be maintained automatically.
ADDITIONAL INFORMATION: Transaction records and logs should be stamped with user identifiers, time, and date.
Provisions should be made o control requests for records and logs of data transactions with classified material.  Users 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, cannot be expected to provide accurate records AF

204



3 PROCESS CONTROL & INPUT DEVICES
3.1 General Control Guidelines

3.1-1 Appropriate Use of Input Devices

Input and control devices provided for interacting with the HSI should be appropriate for the user’s
task requirements.

ADDITIONAL INFORMATION: Controlinput devices and conditions for their appropriate use are listed in Table 3 1

3.1-2 Input Device Stability
Input and control devices should be stable during normal usage, i.e., they should not slip or rock,
unless such actions are a part of the controller operation.®

3.1-3 Feedback

Visual or auditory feedback should be provided to indicate that a controller input has been registered.

ADDITIONAL INFORMATION: This is especially important when the control surface does not depress or move (such as
with & force joystick or touchscreen), therchy providing little tactile feedback to the user.”

3.1-4 Accidental Input or Actuation Prevention
The system should be designed to prevent the accidental manipulation of control and input devices
which could result in changes to the status of the system functions, components, or data.©
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3 PROCESS CONTROL AND INPUT DEVICES
3.2 Input Devices
1 Alphanumeric Keyboards

~
b o

b

3.2.1-1 General Keyboard Layout
An ANSI standard (QWERTY) layout should be used for the typing keyboard
ADDITIONAL INFORMATION: Common usage and the abiity to transfer from one machine anoth ha

general acceptance of the QWERTY keyboard. Figure 3.1 illustrates the key arrangement ’

3.2.1-2 Numeric Keypad
When users must enter numeric data, keyboards should be equipped with a numeric keypad

3.2.1-3 Numeric Keypad Layout
Keypads used for numeric entry should be consistently designed
ADDITIONAL INFORMATION: Keypad layout should be cae of those illustmted in Figure 3.2

3.2.14 Cursor Control Capability
Horizontal and vertical cursor controi keys should be provided for text processing application

t
ADDITIONAL INFORMATION: Ideally, keys for cursor control should allow (1) hornizontal and vertical movement
movement along the diagonals, and (3) two or more mates of movement that are user selectable. Cursor keys should b

dedicated 10 cursor movement, that ig, should not be used for any function but cursor control. If, however, the cursor keys are

not dedicated, that s, have collateral functions ir functional status shall be cles

3.2.1-5 Cursor Key Layout

Cursor control keys should be arranged in a two-dimensional layout (as illustrated in Figure 3.3) ¢
that their orientation is compatible with the cursor motion they produce

ADDITIONAL INFORMATION: Cursor keys may be arranged in a "box Cross r "inverted T forma Fig

. . I
Husirales these kKey arrangements

3.2.1-6 Overlays

Mechanical overlays, such as coverings over the keyboard, should be not used

3.2.1-7 Keyboard Surfaces
A matte finish should be used for keyboard surfaces
ADDITIONAL INFORMATION: The spectacular ref]

less when measured with a 60-degree gloss
5 >

3.2.1-8 Keyboard Thickness
[he thickness of the keyboard, i.e., base to the home row of keys, should be less than 2 in. (50 mm),
1.25 in. (30 mm) or less is preferred.”

3.2.1-9 Keyboard Slope Adjustment
The slope of the keyboard should be adjustable by the operator
ADDITIONAL INFORMATION: Keyboards should be capable of being positioned in slopes of |f S degrees frot

horizontal ®

3.2.1-10 Standard Keyboard Placement

I'he operator should be able to reposition the standard keyboard on the worksurface




Loflwl[e][r] (] [¥] [w][ ] [e]["]
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Figure 3.1. Basic QWERTY keyboard layout

4 $ 6 4 5 6
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Figure 3.2. Numeric keypad layouts

Box Cross Inverted.T
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= | | - > - |-

4

Figure 3.3. Cursor control key iayouts
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3 PROCESS CONTROL AND INPUT DEVICES
3.2 Input Devices
3.2.1 Alphanumeric Keyboards

3.2.1-11 Keytop Size

The minimum horizontal strike surface of the keytop should be at least 0.5 in. (12 mm) in width.
ADDITIONAL INFORMATION: The keytop may be of any shape (square, round, rectangular, etc.) provided spacing
requirements are not violated

3.2.1-12 Key Symbol Size and Contrast
Nomenclature for the primary symbols on the keys should be a minimum of 0.1 in. (2.5 mm) in

height and has a contrast ratio of 3:1.
ADDITIONAL INFORMATION: Key nomen.lature may be darker or lighter than the background *

3.2.1-13 Keytop Symbol Marking
Key symbols should be etched (to resist wear) and colored with high contrast lettering.
ADDITIONAL INFORMATION: Keys should be labeled with a nonstylized font ®

3.2.1-14 Key Spaciug
Center line distances between adjacent keys should be between 0.71 and 0.75 in. (18 and 19 mm)
horizontally and between 0.71 and 0.82 in. (18 and 21 mm) vertically."

3.2.1-15 Key Height
Key height for alphanumeric keyboards should be between 0.35 and 0.5 in. (10 and 13 mm)."

3.2.1-16 Key Force

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.

ADDLT'!ONAL INFORMATION: The force required for key displacement should be 0.3 10 0.75 N for repetitive keying

3.2.1-17 Key Displacement

Keys should have a maximum vertical displacement between 0.05 and 0.25 in. (1.5 mm and 6.0 mm),
the preferred displacement is between 0.1 and 0.15 inch (2.0 and 4.0 mm).

ADDITIONAL INFORMATION: Displacement variability between keys should be minimized *F

3.2.1-18 Keying Feedback

The actuation of a key should be accompanied by tactile or auditory feedback or both,

ADDITIONAL INFORMATION: If there is only one, tactile feedhack is preferred.  Should supplementary auditory feedback
be used, the sound should occur st the same point in the displacement for all keys plementary auditory feedback should be

adjustable in volume and should be capabic of being tumed off.*

3.2.1-19 Repeat Capability

A repeat capability for alphanumeric, symbol character, and cursor keys should be provided.
ADDITIONAL INFORMATION: The repeat should have a user selectable delay with s delault of 0.5 second. In addition,
the chamcter should be repeated at & user selectable rate with a default of 0.1 second  The physical release of the key should

termunate the repeat ”

3.2.1-20 Multiple-Key Rollover
N-key (multiple key) rollover capability should be provided for the reduction of keying errors.®
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3 PROCESS CONTROL AND INPUT DEVICES
3.2 Input Devices
3.2.1 Alphanumeric Keyboards

3.2.1-21 Keystroke Commands
A specially designated key (e.g., a Control key) should be one of the keys used for keystroke
commands.”

3.2.1-22 Simultaneous Keystrokes
Keystroke commands should require the user to press both keys simultaneously, not in close temporal

sequence.
ADDITIONAL INFORMATION: Requiring the user to press two keys simultaneously reduces the likelihood of mnadvertent
input of & command due to & missed keystroke that hits the specially designated key, followed immediately by another
keystroke ©

3.2.1-23 Inadvertent Operation
Keys with major or fatal effects should be located so that inadvertent operation is unlikely ®

3.2.1-24 Alternate Key Definitions
When the keyboard is redefined, a display of the alternate characters and their locations should be
available to the operator.”



3 PROCESS CONTROL AND INPUT DEVICES
3.2 Input Devices
3.2.2 Function Keys

3.2.2-1 Availability
Fixed function keys should be available to control functions that are often utilized and continuously

available.
ADDITIONAL INFORMATION: Lockout of fixed function keys should be minimized,©

3.2.2-2 Inactive Function Keys
Unneeded function keys, either fixed or programmable, should be disabled so that no other action

occurs upon their depression except an advisory message.
ADDITIONAL INFORMATION: At any siep in a transaction sequence, function keys which are not used for current inputs
should be temporanly disabled under computer control. Mechanicnl overlays should not be used for this purpose.”

3.2.2-3 Inactive Keys
Non-active fixed function keys should not be present on the keyboard.
ADDITIONAL INFORMATION: Such keys should be replaced by a biank keys on the keyboard

3.2.2-4 Grouping
Fixed function keys should be logically grouped and should be placed in distinctive locations on the

keyboard.
ADDITIONAL INFORMATION: Color-coding can be used to highlight functional key groups. When this is done the color of
alphanuimeric keys should be neutral (e g , beige, grey) ©

3.2.2-5 Function labels
Key assignments should be displayed at all times, preferably through direct marking.
ADDITIONAL INFORMATION: Where abbreviations are necessary, standardized abbreviations should be used ©

3.2.2-6 Consistency
Fixed function keys should be used consistently throughout the system.©

3.2.2-7 Actuation
Fixed function keys should require only a single actuation to accomplish their function ©

3.2.2-8 Repeat for Special Functions
Function keys (except for the delete key) should not repeat upon prolonged depression.”

3.2.2-9 Status Display
When the effect of a function key varies, the status of the key should be displayed.
ADDITIONAL INFORMATION: Variable function keys should be easily relabeied ©

3.2.2-10 Easy Return to Initial Functions
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 functions.©

3.2.2-11 Reprogrammable or Inactive Default Functions

When keys with labeled default functions are reprogrammad or turned off, a visual warning should
alert the user that the standard function is not currently accessible via that key."
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3 PROCESS CONTROL AND INPUT DEVICES
3.2 Input Devices
3.2.2 Function Keys

‘ 3.2.2-12 Shifted Characters

P . 1A X 4 senttirasd t \y variahle fun b o
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3 PROCESS CONTROL AND INPUT DEVICES
3.2 Input Devices

3.2.3 Trackballs, Joysticks, and Mice

l 3.2.3-1 Dynamic Characteristics

'he controller should be able to produce any combination of x and y axis output values

ues
ADDITIONAL INFORMATION: The follower (cursor) manioulated by the cont er s Id s ack the movene
the controller in the same direction, withis 10 degrees without backlash, crosscour ung r the n 1pie e «
moevements. While manipulating the control, neither backlash nor cross-c upling shx be appare € operator

3.2.3-2 Positive Centering

If there is a "home position,” the capability for an automatic return to that

3.2.3-3 Single Monitor/Singie Controller Cursor Travel Limits
In a single monitor/single controller environment, movement of the
tollower to tt

) the edge of the screen only and not off the screen
E )

3.2.3-4 Separation of Selectable Screen Items
selectable screen items or regions

[ reg » should be separated from each other by a sufficient distance t
o~ minimize inadvertent activation of adjacent items or region

3.2.3-5 Selectable Tracking Speed
he controller tracking speed (control-dispiay ratio) should be user selectat
alternatives; there should be a moderate default speed

ADDITIONAL INFORMATION: (

l. r 3 " .;“‘l‘i
i€ ITom 4a | rederined hist of

ntrol mhios and dynamuc features st

wid meet the dual requirement of rapid gross
positioning and smooth, precise fine positioning The ntrol/display mtios should take into a n screen size and
wximum maneuvering displacement Al & minimum, movemen \ Hroler across the entire maneuvenng surface sh
move the cumor from one side of the screen to the other
2 ' .
3.2.3-6 Selectable Inter-Click Interval
If multipie clicks are required on a selection button, the user should be able to select the int ick
interval from a predefined list of alternatives. There should be a moderate d t setting
- :
3.2.3-7 Limb Support for Trackballs and Mice
When trackballs and mice are used to make precise or tinuous adjustments, | WrISt, or arm
supports should be provided
3.2.3-8 Mouse © ape
f-’: mouse sh \i have n »?'.(.’[ ',‘a',_"" but shot id sSnaj ed .,—“ vas artl { £ ir S id

3.2.3-9 Use of Mouse by Either Hand

I'he controller should be operable with either the left or right hand




3 PROCESS CONTROL AND INPUT DEVICES
3.2 Input Devices
3.2.3 Trackballs, Joysticks, and Mice

3.2.3-10 Appropriate Use of Displacement (Isotonic) Joysticks

When positioning accuracy is more critical than positioning speed, displacement joysticks should be
available (preferred over force joysticks).

ADDITIONAL INFORMATION: Displacement joysticks which are used for rate control should be spring-loaded for retum to
center when the hand is removed. Displacement joysticks usually require less force than force joysticks and are less fatiguing
for long operating periods. Hand operated displacement joysticks may be used as mounting platforms for secondary controls,
such ax thumb and finger operated awitches. Operation of secondary controls has less induced error on the displacement hand
grip than on isometne handgrips.©

3.2.3-11 Appropriate Use of Force (Isometric) Joysticks

When precise or continuous control in two or more related dimensions is required, force joysticks
should be available (preferred over displacement joysticks).

ADDITIONAL INFORMATION: Force joysticks are particularly appropriate for applications: (1) which require precise
retum to center &fler each use; (2) in which operator feedback ia primarily visual rather than tactile feedback from the control
iteelf; and (3) where there is minimal delay and tight coupling between control and input and system reaction. When
positioning speed is more critical than positioning accuracy, force joysticks should be selected over displacement joysticks.©

3.2.3-12 Force Joysticks Dynamic Characteristics

The output of the force joystick should be proportional to and in the same direction as the user’s
perceived applied force. Maximum force for full output should not exceed 27Ib (118N).
ADDITIONAL INFORMATION: Movement should be smooth in all directions, and positioning of a follower should be
attainable without noticeable backlash, cross-coupling or need for multipie corrective movements. Control ratios, friction and
inertia should meet the dual requirements of mpid gross positioning and precise fine position. When used for generation of
free-drawn graphics, the refresher rate for the follower on the display should be sufficiently high to give the appearance of a
continuous track.©P

3.2.3-13 Displacement Joystick Dynamic Characteristics

The output of the displacement joystick should be proportional to and in the same direction as the
displacement of the joystick from the center. Movement should not exceed 45 degrees from the center
position.

ADDITIONAL INFORMATION: The resistance should be sufficient to maintain the handle position when the hand s
removed. Movement should be smooth in all directions, and positioning of a follower should be attainable without noticeable
backlash, cross-coupling, or need for multiple corrective movements. Control ratios, frction and inertial should meet the dual
requirements of rapid gross positioning and precise fine positioning. When used for generation of free-drawn graphics, the
refresher mte for the follower on the display should be sufficiently high to give the appearance of a continuous track.©”

3.2.3-14 Hand-Operated Joysticks Dimensions and Clearance

The hand grip length should between 4.25 - 7 in. (110 - 180 mm). The grip diameter should not
exceed 2 in. (50 mm). Clearances of 4in. (100 mm) to the side and 2 in. (50 mm) to the rear should
be provided to allow for hand movement.©
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3 PROCESS CONTROL AND INPUT DEVICES
3.2 Input Devices
3.2.4 Touch Screens, Light Pens, and Graphic Tablets

3.2.4-1 Appropriate Use of Touch-Screens
Touch screens are not recommended if the task requires holding arm up to the screen for long periods

of time.
ADDITIONAL INFORMATION: Tasks involving touch screens should not require frequent, alternating use of touch screen
and the keyboard €0

3.2.42 Appropriate Use of a Light Pen
A light pen may be used for non-critical input when precise positioning is not required, it should not

be used when the task would require holding the pen up to the screen for long periods of time.
ADDITIONAL INFORMATION: Tasks involving light pens should not require frequent, altemating use of the light pen and
the keyboard ©

3.2.43 Appropriate Use of a Graphics Tablet

Grid and stylus devices may be used for data pickoff from a display and entry of points on a display.
ADDITIONAL INFORMATION: Displacement of the stylus from the reference position should cause a proportional
displacement of the follower. The grid may be cn a transparent medium allowing stylus placement directly over corresponding
points on the display or it may be displaced from the display in & convenient position for stylus manipulation. In either case a
follower should be presented on the display at the coordinate values selected by the stylus ©

3.2.4-4 Activation
Touch screens, light pens, and graphics tablets should be equipped with an actuating/deactuation

mechanism.
ADDITIONAL INFORMATION: Tha is to prevent inadvertent actuation. For most light pen applications, & push-tip switch,
requiring 2-Soz (0.5N - 1.4N) of force to actuate, is preferred ©

3.2.4-5 Feedback

Two forms of feedback should be provided: (1) feedback concerning the position of the follower, (2)
feedback that the pointer has actuated and the input has been received by the system.

ADDITIONAL INFORMATION: Feedback can be in the form of displayed follewer (such as circle or crosshair) or
highlighting

3.2.4-6 Dynamic Characteristics
When used as a two-axis controller, movement of the pointer in any direction on the surface of the

screen or tablet should result in smooth movement of the follower in the same direction.
ADDITIONAL INFORMATION: Discrete placement of the pointer at any point on the surface should cause the follower to
appear at the corresponding coordinates and to remain steady so long as the light pen 8 not moved. Refresh mie for the
follower should be sufficiently high to ensure the appearance of continuous track “

3.2.47 Follower Visibility
For touch screens and light pens, the follower should be visible on screen while the pointer is
touching the screen.”

3.2.4-8 Serial Command Response
The system should accept only one command at a time."
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3 PROCESS CONTROL AND INPUT DEVICES
3.2 Input Devices
3.2.4 Touch Screens, Light Pens, and Graphic Tablets

3.2.49 Feedback for Multiple Workstations
Discriminable audible beeps (used to supply feedback) should be used when more than one touch
screen, light pen, or graphics tablet is employed.®

3.2.4-10 Dimensions and Separation of Touch Zones

To allow for finger size and parallax inaccuracy, the dimensions of response areas of touch screens
should be a maximum height and width of 1.5 in. (40 mm) and a minimum height and width of 0.6
in. (15 mm), with a maximum separation distance of 0.25 in. (6 mm) and minimum of 0.1 in. (3
mm).C.D

3.2.4-11 Touch Screen Resistance
Force required to operate force-actuated touch screens should be a maximum of 5.3 oz (1.5 N) and
minimum of 0.90z (0.25 N).©

3.2.4-12 Neutral Tint of Touch Overlays
Touch screen overlays should have a neutral tint to avoid alteration of color codes.®

3.2.4-13 Touch Screen Luminance Transmission
Touch screen displays should have sufficient luminance transmission to allow the display with touch
screen installed to be clearly readable in the intended environment ®©

3.2.4-14 Light Pen Dimensions and Mounting
The light pen should be between 4.75 - 7 in. (120-180 mm) long with a diameter of 0.3 - 0,75 in. (7-
20 mm). A conveniently located clip should be provided to hold the pen when not in use.®

3.2.4-15 Graphic Tablet Size and Orientation

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 orientation o preserve directional relationships to the maximum extent.

ADDITIONAL INFORMATION: For example, a vertical plane passing through the north/south axis on the grid should pass
through or be panaliel to the north/south axis on the display. ©
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Guidelines for speech input devices are included in Section 6.2 (Speech-Based Communication).
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4 ALARM SYSTEMS

No guidelines are currently available in this section.
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Guidelines for speech input devices are included in Section 6.2 (Speech-Based Communication)
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4 ALARM SYSTEMS

No guidelines are currently available in this section.
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§ ANALYSIS AND DECISION AIDS
5.1 Knowiedge-Based Systems (KBS)

5.1-1 Consistency with User Task Requirements
The support provided by the KBS should be consistent in content and format with the cognitive

strategies and mental models employed by the user.
ADDITIONAL INFORMATION: Users should be able understand the analysis logic employed by the KBS This supports
user acceptance and enables users to supervise the KBS in order to properly evaluate and utilize its output.®

5.1-2 Consistency with General HSI

The KBS should be fully integrated with and consistent with the rest of the HSI.
ADDITIONAL INFORMATION: The KBS's depiction of the system should utilize the same nomenclature, abbreviations,
acronyms, symbology, iconic representations, coding techniques, etc. as the peneral information display system *

5.1-3 Interaction With Ongoing Tasks
Use of the KBS should not require canceling ongoing tasks.*

5.1-4 Critical Information Alert
If critical information becomes available during KBS utilization, the system should alert the user to
the critical information®

5.1-5 Minimize Querying of User
KBS querying of the user for information should be minimized *

5.1-6 Dialog Sequencing Flexibility
The user-KBS dialog should be flexible in terms of the type and sequencing of user input the KBS
will accept.*

5.1-7 Strategy Planning Capability

The KBS should provide the capability to plan a strategy for addressing a problem,

ADDITIONAL INFORMATION: The capability provided by the KBS should include: planning aids (such as time lines,
worksheets); an evaluation function which assesses the adequacy of the user's plan and recornmends revisions where necessary;
the ability to form, state and test hypotheses in 8 manner consistent with the user's plan; and, the capacity to store and recall
plans *

5.1-8 User Supported Strategy Selection
When the KBS is capable of a range of problem solving strategies, it should be capable of accepting
direction from the user in terms of which strategy to employ.*

5.1-9 Simulation Mode Command and Identification
If the KBS has a simulation mode, entering the simulation mode should require an explicit command

and result in a distinguishable change in system output.
ADDITIONAL INFORMATION: A blinking "Simulation Mode" symbol, for example, can be used to clearly distinguish
simulation from other operational modes *
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§ ANALYSIS AND DECISION AIDS
5.1 Knowledge-Based Systems (KBS)

5.1-10 Explanation Capability
The KBS should be capable of interactively explaining its rules, knowledge base, and problem

solutions at any point during a user-KBS transaction.

ADDITIONAL INFORMATION: Ruies should be represented explicitly in the knowledge base and encoded such that they are
accessible to the explanation facility and can be tranalated for human understanding. The KBS should respond to user requests
to clarify questions and asssrtions, At the request of the user, the system should be capable of displaying rule-based and
descriptive explanations *

§.1-11 User Control of Explanation Detail
The level of detail of information presented as part of an explanation or justification should be under
the control of the user.*

§.1-12 Indication of Certainty

The KBS should represent its certainty in the correctness of analyses and provide the rationale
underlying the certainty estimation.

ADDITIONAL iNFORMATION: Certainty factors, for example, can be represented as a decimal number from -1 to + 1, with
-1 indicating absolite certainty that a fact is not true, and + | indicating absolute certainty that a fact is true *

5.1-13 Inadequate Knowledge Alert

The KBS shouid alert the user when a problem or situation is beyond its capabilities.

ADDITIONAL INFORMATION: Rule exceptions should be explicitly contained in the knowledge base and available to the
user as part of the explanation facility. Where possible, the KBS should inform the user as to what additional knowledge or
rules are required to complete the trunsaction. *

§.1-14 Graphic Representation of Rules
The KBS should be able to graphically represent system relationships, its rules network, and
reasoning process.**®

§.1-15 Highlight of Status Changes after KBS Utilization
At the completion of a user-KBS session, the KBS should update and highlight changes in the status

of important system information.
ADDITIONAL INFORMATION: User acknowledgement may be requested for important changes *

5.1-16 Post Hoc Rule-Event Recall

The KBS explanation facility should have the capability to recall each invoked rule and associate it
with a specific event (i.e., question or conclusion ) to explain the rationale for the event.
ADDITIONAL INFORMATION: The KBS should automatically record all rules invoked during an analysis.

5.1-17 Rapid Interaction Retrieval
The system should permit rapid retrieval of previous exchanges between the user and the KBS *

5.1-18 Hardcopy of KBS Utilization

The user should be capable of requesting a hardcopy of data including; screen displays (text or
graphics), data employed during a consultation, summaries of consultations, lists of rules/facts
invoked during a consultation, and summaries of hypotheses tested.*
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6.0 INTER-PERSONNEL COMMUNICATION
6.1 General Communication Guidelines

6.1-1 Interactive Communication
Users should be able to communicate interactively with other users who are currently using the same

system ®

6.1-2 Interaction With Ongoing Tasks
Users should be able to communicate with each other without cancelling ongoing tasks ©

6.1-3  Accessibility

Communications equipments should be accessible from the user’s normal working location.
ADDITIONAL INFORMATION: Where communication requirements necessitate the use of several handsets, accessibility of
their standby locations should be determined by operational priority. The most frequently or urgently needed handset should be
the most accessible, etc. Color-coding may also be employed where operating personnel will have visual contact with headsets
under the working conditions.©

6.1-4 Consistent Procedures

Procedures for sending and receiving messages should be consistent from one transaction to another,
ADDITIONAL INFORMATION: Procedures should be the same for handling different kinds of messages and for messages
sent to different destinations, although procedures for handling high-priority messages might incorporate special actions to
enaure special attention. ®

6.1-5 Minimal User Actions

Communication procedures should be designed to minimize required user actions.

ADDITIONAL INFORMATION: In some applications, for example, software logic might prepare and transmit messages
automatically, derived from data already stored in the computer; software logic might provide automatic reformatting of stored
data for transmission, where format change is required; interface software might provide automatic insestion into nessages of
standard header information, distribution lists, etc ®

6.1-6 Communication Flexibility

Users should have flexibility in communications methods.
ADDITIONAL INFORMATION: Where communications are critical, users should not be precluded from communicating with
other plant personnel by the loss of one method ®
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6.0 INTER-PERSONNEL COMMUNICATION
6.2 Speech-Based Communication

6.2-1 Comfort

Communication equipment to be worn should be designed to preclude discomfort.
ADDITIONAL INFORMATION: Metal parts of the headset should not come in contact with the user's skin ©

6.2-2 Hands-Free Operation
Communication equipment should be designed to permit hands-free operation.®

6.2-3 Microphone Frequency Response

Microphones and associated system-input devices should be designed to respond optimally to that part
of the speech spectrum most essential to speech intelligibility (i.e., 200 to 6,100 Hz).

ADDITIONAL INFORMATION: Where system engineering necessitates speech-transmission dynamic mnge bandwidthy
narrower than 200 to 6,100 Hz, the munit eptabie frequency range is 250 to 4,000 Hz ©

6.2-4 Microphone Dynamic Range
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.©

6.2-5 Microphone Noise Shields

When ambient noise is high (85 dBA or greater), the microphone should be put in a noise shield.
ADDITIONAL INFORMATION: Noise shields should be designed to meet the following requirements: 8. A volume of at
least 15.25 in® (250 em’) to permit a pressure gradient microphone to function normally. b, A good scal against the face
with the pressure of the hand or the tension of straps. ¢ A hole or combination of holes covering a total area of 0.1 in® (65
mim’) in the shield to prevent pressure buiidup.  d. Prevention of a standing wave pattern by shape, or by use of sound
absorbing material. ¢, No impediment to voice effort, mouth or jaw movement or breathing. ©

6.2-6 Noise Canceling Microphones

In very loud, low frequency noise environments (100 dB overall), noise canceling microphones should
be used.

ADDITIONAL INFORMATION: The noise canceling microphones should be capable of effecting an improvement of not less
than 10 dB peak -speech to root-mean-square-noise ratio as compared with non-noise-canceling microphones of equivalent
transmission characteristics.©

6.2-7 Signal Processing
If the environment or the speech transmission equipment are such that the signal-to-noise ratio of the

speech is degraded, signal processing techniques should be used to maintain speech intelligibility.
ADDITIONAL INFORMATION: Where speech signals are to be transmitted over channels showing less than 15 dB peak
speech to root-mean-square-noise ratios, peak clipping of 12 1o 20 dB may be employed at system input. If necessary, clipping
may be preceded by frequency pre-emphasis. The frequency pre-emphasis should have a positive slope frequency characteristic
no greater than |8 dB per octave from 140 1o 1,500 Hz to and no greater than 9 dB per octave over the frequency range 1,500
to 4 800 Hz, when no clipping is used. When transmission equipment employs pre-emphasis and peak clipping is not used,
reception equipment should employ frequency de-emphasis of characteristics complementary to those of pre-emphasis only if 1t
improves intelligibility. Frequency de-emphasis should be a negative-slope frequency response not greater than 9 dB per octave
over the frequency range 140 to 4,800 Hz.©
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6.0 INTER-PERSONNEL COMMUNICATION
6.2 Speech-Based Communication

6.2-8 Speaker Frequency Range

Loudspeakers for use in multi-speaker installations and multiple channels fed into headphones should
respond uniformly (plus or minus 5 dB) over the range 100 to 4,800 Hz.

ADDITIONAL INFORMATION: Headphones and loudspeakers are subject to the same frequency response restrictions as
microphones and transmission equipment ©

6.2-9 Binaural Headsets For High Noise Environments

If listeners will be working in high ambient noise (85 dB(A) or above), binaural rather than monaural
headsets should be provided.

ADDITIONAL INFORMATION: Unless operstional requirements dictate otherwise, binaural headsets should be wired so that
the sound reaches the two ears in opposing phases. Their attenuation qualities should be capable of reducing the ambient noise
level to leas than 85 dB(A). Provisions should be incorporated to fumish the same protection to those who wear glasses.”

6.2-10 Loudspeakers for Multi-Channel Monitoring

When several channels are to be monitored simultaneously by means of loudspeakers, the speakers
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 operator’s normal forward facing position.
ADDITIONAL INFORMATION: When additional channe! differentiation is required, apparent lateral separation should be
enhanced by applying low-pass filtering (frequency cutoff, Fe = | 800 Hz) to signals fed to loudspeakers on one side of the
central operator position. If there are three channels involved, one channel should be left unfiltered, a high pess filter with
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 channel is in use.©

6.2-11 Volume Controls
Accessible volume or gain controls should be provided for each communication receiving channel
(e.g., loudspeakers or headphones) with sufficient electrical power to drive sound pressure level to at

least 100 dB overall when using two earphones.

ADDITIONAL INFORMATION: The minimum setting of the volume control should be limited to an audible level, i.¢., it
should not be poasible to inadvertently disable the system with the volume control. While separation of power (on-off) and
volume control adjustment functions into separste controls s preferred, should conditions justify their combination, & noticeable
detent position should be provided between the OFF position and the lower end of the continuous range of volume adjustment
When combined power and volume controls are used, the OFF position should be labeled ©

6.2-12  Squelch Control
When communication channels are to be continuously monitored, each channel should be provided
with a signal-activated switching device (squelch control) to suppress channel noise during no-signal

periods.
ADDITIONAL INFORMATION: A manually operated, on-off switch, to deactivate the squelch when receiving weak signals,
should be provided ©
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6.0 INTER-PERSONNEL COMMUNICATION
6.3 Computer-Based Communication
6.3.1 General

6.3.1-1 Functional Integration
Computer-based communications should be integrated with other information handling functions

within a system.

ADDITIONAL INFORMATION: A user should not have to log off from the process monitoring system and log on to some
other special gystern in order 1o send or receive a message. I data transmission facilities are in fact implemented as a
separate system, that separation should be concealed in user interface design, so that a user can move from general information
handling to message handling without interruption ©

6.3.1-2 Control by Explicit User Action
Both sending and receiving messages should be accomplished by explicit user action.®

6.3.1-3 Automatic Queuing
The computer should provide automatic queuing of outgoing messages pending confirmation of
transmission, and of incoming messages pending their review and disposition.®

6.3.1-4 Interrupt
Users snould be able to interrupt message preparation, review, or disposition, and then resume any of
those tasks from the point of interruption.®

6.3.1-§ Message Highlighting

Software capabilities should be provided to annotate transmitted data with appropriate highlighting to

emphasize alarm/alert conditions, priority indicators, or other significant information that could affect
message handling.

ADDITIONAL INFORMATION: Highlighting will aid the handling and interpretation of messages. Such annotation might be
provided automatically by software logic (e.g., a computer generated date-time stamp to indicate currency), or might be added

by the sender of & message to emphasize some significant feature (e g., attention arrows), or by the receiver of a message as an
aid in filing and retrieval ®

6.3.1-6 Automatic Record Keeping
A log of data transmissions should be automatically maintained.®



6.0 INTER-PERSONNEL COMMUNICATION
6.3 Computer-Based Communication

6.3.2 Preparing Messages

6.3.2-1 Automatic Message Formatting

When message formats should conform to a defined standard or structure, prestored formats should
be provided to aid users in message preparation,

ADDITIONAL INFORMATION: When information must be transmiited in a particular format, computer aids to generate the
necessary format automatically should be provided ®

6.3.2-2 Message Composition Compatible with Data Entry

Procedures for composing messages should be compatible with general data entry procedures,
especially those for text editing.

ADDITIONAL INFORMATION: A user should not have to leam procedures for entering message data that are different from
those for general data entry ®

6.3.2-3 Variable Message Length

Users should be able to prepare messages of any length.

ADDITIONAL INFORMATION: In particular, data transmission facilities should not limit the length of & message to a single
display screen or to some fixed number of lines. There will usually be some implicit limit on message length imposed by
storage capacity or the amount of time it would take to transmit a very long message. However, a user might sometimes
choose to increase storage or accept transmission delays in order to send & long message required by a particular task ®

6.3.2-4 Incorporate Existing Files

Users should be able to incorporate an existing data file in a message, or to combine several files into
a single message for transmission.

ADDITIONAL INFORMATION: It should not be necessary for a user to re-enter for transmission any data already entered
for other purposes or available in the system. It should be possible to combine stored data with new data when preparing
messages for transmission ©

6.3.2-5 Message Editing

Users should be able to save and edit messages prior to transmission,

ADDITIONAL INFORMATION: Users should be able to save draft messages during their preparation. A user should not be
forced to recreate a message if ils prepamtion is interrupted for some reason. Users should be able to specify how to save draft
messages (i.e., in what file), just as they may decide how to save copies of transmitted and received mcuagu.s
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6.0 INTER-PERSONNEL COMMUNICATION
6.3 Computer-Based Communication
6.3.3 Sending Messages

6.3.3-1 Destination Selection
Users should be able to specify the destination(s) to whicl

ADDITIONAL INFORMATION: Specification of message destination might be in terms of syst
groups, or other work stations and terminala (including remote printer users ther sys
be wpecified as a matter of routine procedure, with special dest nationa designated as needed |
nost applicalions, i 18 Ump« ftant that users be Abic send a message (o mullipie festinalions wil
Hiple recipients, o will usua be heipl show all addresses all recipients, so U at tr

received the measage

6.3.3-2

Users should be }’."-»A\i’.‘u

Address Directory

gach destination in the syst

ADDITIONAL INFORMATION: In addition to the names of people, users may ed ¢
groups, functional positions, other mputers, data files, work stations, and devices The
{ system distribution Lists as well as individual addresses

6.3.3-3 Aids for Directory Search

{ A r b r 14
uter aids should be p1 a user can search an adaress

6.3.3-4 Extracting Directory Addresses

Users should be able to extract selected addresses from a directory or select
direct insertion into a header in order to specify the destination(s) tfor a mes
ADDITIONAL INFORMATION: Direct inserti f addresses from a direct will a

manual transeription and entry, as well as being faster

6.3.3-5 Automatic Addressing of Reply

he appropriate address(es) should be automatically | ided for user [
6.3.3-6 Assignment of Priority

When messages will have different degrees of urgency, the sender
designate its relative priority.’

6.3.3-7 Information About Communication Status

Users should be allowed access to status information concerning the identit

currentlv on-line. and the availability of communication with external systems

ADDITIONAL INFORMATION: Such information may influence & user's
methods, as well a3 the decision when o imbale [rAnsSMIssor For example, & user migh

iser who 18 currently on-une, bul mught ¢ npose & message lor delferre rANSMISE
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6.0 INTER-PERSONNEL COMMUNICATION
6.3 Computer-Based Communication
6.3.3 Sending Messages

6.3.3-9 Deferring Message for Automatic Transmission
Users should be able to defer the transmission of prepared me ssages later action

ADDITIONAL INFORMATION: A user maght wish to defer data transmission until some specified date-time or until a
¥

specific event has occurred

6.3.3-10 Automatic Feedback
Automatic feedback for data transmission confirming that messages have been sent or indicating

transmission failures should be provided to permit effective user participation in message handling

ADDITIONAL INFORMATION: If message transmission is not successful. the sender should be notified, if possible witt
explanation of the problem. It may help & user to know whether transmissios has failed because of faulty addressing
ommunication link failure, or some other reason, in order to lake appropnate corrective action.'

6.3.3-11 Saving Undelivered Messages

If message transmission is not successful, automatic storage of undelivered messages should be
provided

ADDITIONAL INFORMATION. Transmission failure should not ALINC Ty lestruction of messages. and st

disrupt the sender's work in any other way *

6.3.3-12 Message Cancellation
Users should be able to recall any message whose traissmission has been initiated, 1t it has not yet

been received by its addressee(s).’

6.3.3-13 User Review of Data Before Transmission
When human judgment may be required to determine whether data are appropriate for transmission

users (or a system administrator) should be provided some means to review utgoing messages and
confirm their release before transmission
ADDITIONAL INFORMATION: Sometimes message release may require coordination among seversl reviewers in th

nterests of data protection

6.3.3-14 Saving Transmitted Data Until Receipt is Confirmed

A COpy Of any transmitted message should be saved automaticallv until correct receipt has been
confirmed

ADDITIONAL INFORMATION: The primary obiective is t wrretnievable data Joss INE Lransmiss } a
system applications, however ne onginator I a messay y v cta \ sut )
feletion [ that copy st I bal e handied as a separmie transa ! % 5




6.0 INTER-PERSONNEL COMMUNICATION
6.3 Computer-Based Communication
6.3.4 Receiving Messages

6.3.41 Message Notification at LOG-ON
When users log on to a system, they should be notified of any transmissions received since their last
use of the system.®

6.3.4-2 Display of Messages
The display of messages from other users should be visually and spatially distinct from the display of
system messages.”

6.3.4-3 Nondisruptive Message Notification

Notification of incoming messages while the user is logged on should be nondisruptive.
ADDITIONAL INFORMATION: Notification of incoming messages should not interrupt the user's current task and should
not automatically overwrite the screen arcas where the user is working. For example, the system might indicate message
arrival to the user by an advisory notice in a portion of the display reserved for that purpose. ©

6.3.4-4 Indicating Priority of Received Messages

Where incoming messages will have different degrees of urgency recipients should be notified of
message priority and/or other pertinent information.

ADDITIONAL INFORMATION: Notification of urgent messages might be routed to a special area of a user’s working
dispiay for immediate referonce, whereas notification of routine messages might be deferred, or perhaps routed to a printer for
review at the user's convenience. If incoming messages are queued so that their arrival will not interrupt current user tasks,
then users should be advised when an interruption is in fact necessary ©

6.3.4-5 Filters for Message Notification

Users should be able to specify "filters” based on message source, type, or content, that will control
what notification is provided for incoming messages.

ADDITIONAL INFORMATION: For example, a user might wish the arrival of &ll messages from a particular source to
produce & special notification. ®

6.3.4-6 Time-Stamp Messages
Messages should be time-stamped .”

6.3.4-7 Indicate Message Size
Some indication of message size should be included at the beginning of each message.

ADDH;IXONAL INFORMATION: For example, message size might be calculated as number of lines, and indicated in its
header.

6.3.4-8 Notification of Incomplete Message
The user should be informed when a message extends beyond the area provided.”

6.3.4-9 Message Storage and Retrieval

Messages should be stored in a message queue that is available to the user.
ADDITIONAL INFORMATION: For example, the user might be gble to scroll through a log file containing the message and
the time, date, and origin of the message
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6.3.4-10 Information about Queued Messages

Users should be able to review summary information about the type, source, priority and size of
queued incoming messages.

ADDITIONAL INFORMATION: In some upplications, a user might need notification only of urgent messages, and rely on
periodic roview to deal with routine measages. Summary information about queued incorning messages should help guide
message review

6.3.4-11 User Selection of Messages
The user should be allowed to select any message from an ordered queue with a single action.”

6.3.4-12 Annotating Received Messages

Users 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 itselt.

ADDITIONAL INFORMATION: Users should not be allowed to make changes 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 form, their own comments about received messages. [f changes are desired in & message itself, then its
recipient might make & copy of that measage (with appropriate change of its header information) and then edit that copy.®

6.3.4-13 Specilying Device Destination

Users should be able to choose the method of receipt, i.e., what device (files, display, printer) will be
the local destination. If a specified receiving device is not operable, sucn o a printer that is not
turned on, the computer should cail that to the user’s attention.

ADDITIONAL INFORMATION: When messages are received via display, queuing of incoming messages should be provided
s0 that they will not interfere with use of that display for other information handling tasks. Device destination might be
specified differently for different types of messages, or for messages received from different sources. Transmitted data might be
received directly into computer files. Incoming messages might be routed to an electronic display for quick review, and/or to a
printer for hard-copy reference.®
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7 WORKPLACE DESIGN
7.1 Workstation Configuration

7.1-1 VDU Viewing Distance
The minimum design viewing distance should be equal to or greater than 12 inches (30 ¢m)

ADDITIONAL INFORMATION: When penods of observation will be short, or when dim signals m be detected. the
viewing distance may be reduced to 10 in (25 mm Displays which must be placed at viewing distances greater than 16 in (4(
mm) due to other considerations should be appropnately modified in aspects such as hisplay size, symbo! size, brightness

ranges, Line-pair specing and resolution

7.1-2 VDU Viewing Angle
The dis play should not be tilted more than 40 degrees relative to the viewer's line of signt
IN "4‘ 4"' "““\‘ .'\vz: N '.|l ANg M ! .V>x\l. | lersect : { (8 ’ S‘L“'-' A} Wl ] K OrTnal 1 t O V;’T T
the point where the line of sight interseots Ay \ he display s more than 40 degrees. '

1-3 Glare Off VDUs
Reflected glare off VDU surfaces should be minimized
ADDITIONAL INFORMATION he surface of the VDU screen should reduce specular glare Positioning of VDUs relative

g K
1o hght source affects glare as can use of a shield or filter VDI r light source. If glare reduction or contrast
enhancerment techrugues are used, they should not violate the requirernents luminance, contrast, and resolution as stated i

this document B

7.1-4 Glare from Surrounding Worksurfaces

Surfaces adjacent to the VDU should have a dull matte finish to reduce glare
ADDITIONAL INFORMATION he lumimance range of surfaces immediately adjacent to VDUg should be between 10% and

100% of screen background luminance




7 WORKPLACE DESIGN
7.2 Control Room Configuration

No guidelines are currently available in this section.
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7.3-1 Ambient Hlumination
I'he ambient illumination in the VDU area that is necessary for other visual functions

controls, reading instruments) should not degrade the visibility of signals on the VDI

7.3-2 Use of Colored Ambient HHlumination
Colored ambient illumination should not be used if color

ADDITIONAL INFORMATION: Colored lighting will interfere with

7.3-3 Hluminance of Areas Immediately Surrounding VDUs
I'here should be no light source (direct or reflected) in the immediate surrounding are

that is of greater luminance than the VDI
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GLOSSARY
Abbreviation: A shortened form of a word or phrase used for brevity.
Acknowledgment: Providing feedback to the sender that a message has been received.

Acronym: A word formed from the initial letter(s) of each of the successive or major parts of a
compound term.

Active Window: The window in which user is currently interacting with the system. Typically, this
means that an active windew (a) is currently receiving input from the user, (b) has last received input
from the user, or (¢) has been readied for input through the user’s explicit action. The user is generally
said to be "working in" the active window (such as processing a document, controlling a system, entering
data). (See also inactive and closed windows).

Additive Color Process: Presentation of color images by the simultaneous selective projection of red,
green, and blue light on a screen.

Addressing Messages: Preparing header information to specify the destination for data to be transmitted.
Alphabetic: Pertaining to a character set that contains letters and other symbols, excluding numbers.

Alphanumeric: Pertaining to a character set that contains letters, digits, and usually other symbols, such
as punctuation marks.

Alphanumeric Code: A set of letters and/or numbers used to identify a group of data (e.g., in a table).

Audio: Pertaining to acoustic mechanical, or electrical frequencies corresponding to normally audible
sound waves.

Auditory: Pertaining to the sense of hearing.

Automatic Mode: A mode in which processing proceeds without human intervention (as contrasted with
interactive and manual modes).

Bar Chart: A graphic figure in which numeric quantities are represented by the linear extent of parallel
lines (or bars). Bar graphs are useful for showing a comparative measure for separate entities or for a
variable sampled at discrete intervals. A graphic means of comparing numbers by rectangles with lengths
propo tional to the numbers represented.

Binary: (1) Pertaining to a characteristic or property involving a selection, choice, or condition in which
there are two possibilities. (2) Pertaining to the number representation system with two values.

Blank: Containing no data; a non-printing graphic character used to separate data; a space for the entry
of data.

Buffer: A file or device that temporarily stores data.
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Button: A type of hardware control device or a defined control region on the display screen which,
when selected, causes some action,

Cancel: A capability that regenerates (or re-initializes) the current display without processing or retaining
any changes made by the user.

Category: A grouping of data values along a dimension defined for operational purposes.

Cathode Ray Tube: (CRT) An electronic vacuum tube, such as a television picture tube that can be used
to display information, graphic, and video.

Caution Signal: A signal which alerts the operator to an impending condition requiring attention, but
not necessarily immediate action (see Warning Signal).

Character: A letter, digit, or other symbol that is used as part of the organization, control, or
representation of data.

Character Set: A set of unique representations called characters; e.g., the 26 letters of the English
alphabet and the 128 characters of the ASCII alphabet.

Character Width: The horizontal distance between a character’s origin (a point on the base line used
as a reference location) and the next character's origin.

CIE Distance: Difference between colors expressed as a distance in a three dimensional color space
which is based on the response of the human eye to light of different wavelengths,

Clear: A system function which removes the current selection but does not put it into the temporary
buffer. A copy is retained, accessible immediately by the Undo command. To place one or more storage
locations into a prescribed state, usually zero or the space character,

Click: An input device "button-down" action (e.g., depressing and releasing the button on a mouse or
trackbali) for the actual entry (enabling, activation) at a designated position. This action is distinct from
cursor positioning. Also, the auditory feedback from keyboard entry.

Closed Window: A window which is not visible and which requires some action by the user in order
to gain perceptual and functional access. For example, a user may select and open an icon that represents
a window or, in contrast, the user might input a command to open a specific window. (See also active
and ‘ractive windows).

Coding: Use of a system of symbols, shapes, colors or other variable sensory stimuli to represent
specific information. Coding may be used (a) for highlighting (i.e., to attract a user’s attention to part
of a display), (b) as a perceptual indicator of a data group, or (¢) to symbolize a state or attribute of an
object (e.g., to show a temperature level or for warning purposes).

Color: The aspect of objects or light sources which may be described in terms of hue, lightness (or
brightness), and saturation.

Column: A vertical arrangement of items.
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Command: The act of instructing the computer or system to perform an action,

Command Language: A type of dialogue in which a user composes entries, possibly with minimal
prompting by the computer.

Concatenation: (1) The process of linking data together. (2) A se. of logically related items which are
treated as a whole.

Context Definition: Displaying an indication of previous user actions or computer processing that will
affect the results of current actions, in order to help a user predict how the system will respond.

Continuous: Marked by uninterrupted extension in space, time, or sequence.
Contrast: Diversity of adjacent parts in color and intensity.

Contrasi Ratio: The measured luminance at one point divided by the measured luminance at another,
equal to Lt/Lb, (Ls-Lb)/Lb, or (1+Ls)/Lb, where:

Lt = total luminance, or luminance of the image in the presence of background;
Ls = luminance of the symbol without background (luminance emitted by CRT in the case of
CRT displays);

Lb = luminance of background.
Contrast ratio, rather than contrast, is often specified by display manufactures because it is numerically
larger (by one) than contrast.

Control: A mechanism used to reguiate, guide the operation of a component, equipment, subsystem, or
system.

Control Entry: User input for sequence control, such as function key activation, menu selection,
command entry

Controlling Transmission: The process or ensuring that data which are sent are saved until they can
be delivered or returned to the sender.

Copy: A system function that puts a duplicate of the selection into the temporary editing buffer without
disrupting the original data.

CRT: (Cathode Ray Tube) An electronic vacuum tube, such as a television picture tube that can be used
to display information, graphic, and video,

Cursor: A display graphic that is used to indicate the position of the user's operation on the display
(such as an arrow or flashing bar).

Cut: A system function that removes the current selection from the screen and puts it into the temporary
editing buffer, replacing the buffer’s previous contents. Cut may be used to either delete or to move a
selection.

Data: The raw materials from which a user extracts information. (A user can be a human or another
component of the system, such as an expert system.) Data may include numbers, words, and/or pictures.
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Database: A structured set of data, manipulated using a data management system

Data Display: Output of data from a computer to its users. Generally, this phrase denotes visual output,
but it may be qualified to indicate a differant modality, such as an "auditory display”

Data Entry: User input of data for system storage and/or processing

Data Item: A set of characters of fixed or variable length that forms a single unit of data. Sometimes
a data item might contain only a single character. Data items may be entered by a user or may be
displayed by the system

Data Protection: Functional capabilities that guard against unauthorized data access and tampering, and

data loss due to user errors or computer failure

Data Transmission: Computer-mediated communication among system users, and also with other
systems

Data Validation: Functional capabilities that check data entry items for correct content or format, as
defined by software logic

De-emphasis he inverse of pre-emphasis, employed for the purposes of restoring original vowel
consonant amplitude relationships in pre-emphasis speech; primarily useful in maintaining the "natural”
sound quality

Default: A value or setting that is used if no alternative is specified. Assumed unless specifically
werridden. Defaults represent predetermined, frequently used, values for data or control entries intended
0 reduce required user entry actions

Density: (Screen Density) The amount of the display screen that contains information; often expressed
as a percentage of the total screen area

Diagram: A special form of a picture in which details are only shown if they are necessary for the
performance of a task. For example, an electrical wiring diagram for a facility would show wiring but
not necessarily furniture or plumbing

Dialogue: A structured series of interchanges between a user and a computer. A dialogue can be
initiated by a computer (e.g., question and answer) or by a user (e.g., command language).

Digitizing Tablet: (Graphics Tablet) Device used to convert on image into digital code be drawing or
tracing with a pen-like or puck-like instrument. The instrument is moved across the tablet and a series
of X-Y coordinates is generated

Dimension: A scale or categorization along which data may vary, taking different values at different

times

Direct Manipulation Control: Defined by the close temporal and physical relations between the
movement of the control device and the cursor, or other screen-based follower (e.g., an icon or a

window). Direct manipulation control devices include the mouse, the trackball, and pointing devices
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in general, a direct manipulation device permits the user to move the cursor and to use the cursor to

select a display structure (e.g., by clicking on a button on the device)

Direct Manipulation: The user manipulates symbols in the display by directly interacting with the
symbol. The direct manipulation is generally performed through the use of a display structure, such as

a pointer, and a cursor control device, such as a mouse

Direction: (1) Explicit instruction. (2) Guidance or supervision of action or conduct. (3) The line or

ourse on which \.un«(hmg IS moving, aimed, pointing, or facing
Discrete: Consisting of distinct or unconnected elements

Display: A specific integrated, organized set of information. A display can be a integration of several

display formats (such as a system mimic which includes barcharts, trend graphs. and data fields
' £
Display Control: Procedures by which a user can specify what and/or how data are shown

Display Device he hardware used to provide the display to users. Examples include video display
units and speakers for system messages

Display Elements: The individual components of a display, including labels, abbreviations, acronyms,
icons, symbols, numbers, color, graph lines, coding, highlighting

Display Format: Methods of data presentations, such as trend plots, bar charts, graphs, and tables

Display Selection: Refers to the specification of data outputs, either by a user or automatically
Display Structure: Functional or information presenting aspects of a display that are consistent in
dppearance and use across applications, e.g., providing reference to the user’s location in an information

system and display of control options available

Display Tailoring: Designing displays to meet the specific task needs of a user. rather than providing

a gen display which can be used for many purposes
Dot Martrix: A ctanguiar array of dots or lights from which characters are built

Drag: The act of moving a frllower (such as a cursor) or selected icon thri ugh parts of a display

(typically using a direct manipulation device such as a mouse
Dynamic: Marked by continuous activity or change

Dynamic Display: Contains screen structures which change one or more feature(s), e.g., numerical

> i 1 1 . . " |
value, color, shape, or spatial location, in real time or near reat time

Enter Key: Key used to indicate completion of data entry for current field or record




Enter: An explicit user action that effects computer processing of user entries. For example, after
typing a series of numbers, a user might press an ENTER key that will add them to a database, subject
to data validation.

Entry: (1) The act of inputting information to the system. (2) Something which has been entered.
Excerpt File: A file which allows the user to move data from one location to another; it differs from
a temporary editing buffer in that the excerpt file can be saved. Data can be appended to or interleaved
into the existing contents of the excerpt file.

Feedback: System or component response (e.g., visual or aural) which indicates the extent to which the
user’s desired effect was accomplished. Feedback can be either intrinsic or extrinsic. Intrinsic feedback
is that which the individual senses directly from the operation of the control devices (e.g., clicks,
resistance, control displacement). Extrinsic feedback is that which is sensed from an external source that
indicates the consequences of the control action (e.g., indicator lights, display changes, aural tones).
Field: An area of the display screen reserved for the display of data or for user entry of a data item.
In a database, a specified area used for a particular category of data, for example, equipment operational
status.

Field Label: A displayed word or phrase that identifies the data display or entry field.

File: A collection of data which is treated as a single unit, e.g., such as that stored in the computer.

Fixed Form: Pertaining to a mode of input in which the user is presented with a set of blanks to be
filled in.

Fixed Format: An unchanging description of specification of information content in a particular area.

Fixed Function Key: Key which has a function that cannot be changed by the user or system and that
remain constant between applications.

Flowchart: A diagram that illustrates sequential relations among elements or events. Flowcharts are
often shown as boxes connected by arrows.

Follower: The on-screen symbol (such as a cursor and arrow pointer) that responds to the movement
of computer input device (such as a cursor key, mouse, trackball, and lightpen).

Form: A dialogue technique which presents category labels and requires the user to fill in the blanks.
A formatted output to the user with blank spaces for insertion of required or requested information,

Format: The arrangement of data.
Formatting: The process or act of arranging data.

Frequency: Rate of signal oscillation in cycles per second (Hz or Hertz).
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Function Areas: Specific screen or panel locations that are reserved for specific purposes.

Function Key: A key whose activation will effect a control entry. Detection of the signal usually causes
the system to perform some predefined function for the user.

Function: A software supported capability provided to a user to aid in task performance.

Gloss: The extent to which light incident on a surface at angle x is reflected from that surface at angle -
x (minus x) relative to a line perpendicular to the surface). A mirror has maximum gloss.

Gloss Instrument: A device that measures reflected light as a function of illumination and angle of view.
The angle for which gloss is measured is typically 60 degrees.

Graph: A display that represents the variation of a variable in comparison with that of one or more other
variables.

Graphic Element: A component part of a graphic display, such as a line, a circle, or a scale.

Graphic Interaction: A dialogue in which the user selects displayed control elements by pointing or by
other direct manipulation.

Graphical Display: A display which provides a pictorial representation of an object or a set of data.
Graphical displays include line, solid object, and perspective drawings; bar, pie, and line charts and
graphs; scatterplots; displayed meters; flowcharts and schematic diagrams.

Graphics: Data specially formatted to show spatial, temporal, or other relations among data sets.
Graphics Tablet: (Digitizing Tablet) Device used to convert on image into digital code be drawing or
tracing with a pen-like or puck-like instrument. The instrument is moved across the tablet and a series

of X-Y coordinates is generated.

Grid: A network of uniformly spaced horizontal and vertical lines for locating points by means of
coordinates.

Group: A set of items.
Grouping: The act or process of combining in groups.

Hardcopy: A printed copy of computer output in a visually readable form; for example, printed process
displays an alarm listings.

Help: Information provided to guide the user in the operation of the system or displayed at the user’s
request for on-line guidance.

Hierarchical Branching: A method of structuring menu items that are hierarchically related which

provides for selection among alternatives without requiring the opening and closing of a series of menus;
the entire hierarchy is contained in one menu.
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Hierarchy: The designated order or rank of items; a series of items which are classified by rank or

irder

Highlight: A means of directing the user’s attention to a feature of the display. Highlighting methods
include image reversal (reverse video), brightness/boldness contrast, color, underiining, blinking, flashing
arrows, and changes in font. Emphasizing displayed data or format features in some way, e.g., through
the use of underlining, bolding, or inverse video

Histogram: A type of bar chart used to depict the frequency distribution for a continuous variable. The
variable may be grouped into classes

Icon: Pictorial, pictographic, or other nonverbal representation of objects or actions

Ydentification: A code number or code name which uniquely identifies a record, block, tiie, or other
unit of information

Identifier: A symbol whose purpose is to identify, indicate or name a body of data

Inactive Window: Windows perceptually and functionally available to the user (the user may be able
to see and obtain information from them) but not immediately available in the sense that the user must
activate an inactive window before working in it. (See also active and closed windows)

Index: To prepare an ordered reference list. An ordered reference list of the contents of a file or
document, together with keys or reference notations for identification or location of those contents

Information: Organized data that users need to successfully perform their tasks. Information can
include (a) a representation of facts, concepts, or instructions in formalized manner suitable for
communication, interpretation, or processing by humans or automatic means; and (b) any representations
such as characters or analog quantities to which meaning is, or might be, assigned

Initiating Transmission: The process of actually sending a command, message, or data file

['ransmission can either be initiated by the computer, or by a system user

npu 1) Information entered into a system for processing. (2) The process of entering informatio
Input: (1) Information entered int tem f g The | f entering information
(3) Pertaining to the devices that enter information

Input/output: (1) Pertaining to either input or output, or both. (2) A general term for the equipment
used to communicat2 with a computer, commonly called /0. (3) The data involved in such

communication, (4) The media carrying the data for input/output

Insert Mode: A data entry mode which allows the user to insert new information within existing
information. If the cursor is placed within existing information, old characters are moved forward to
allow insertion of the new characters

Interactive Graphics: A mode of input in which the user is graphically (e.g., by plot, histogram)
presented data from which he chooses. Once an input has been so selected the user may interact with

the system to correct or refine the data




Interactive Mode: A processing mode in which the user is assumed to be available to the system for
inputs or decision making. The user submits one input at & time to the system and each input is
processed by the system as soon as possible (as contrasted with manual and automatic modes)

Interface: A shared boundary. The point at which a user and the system interact. An interface might

be a hardware component to link two devices or it might be a portion of storage or registers accessed by

two Or more computer programs

Interrupt: Stopping an ongoing transaction in order to redirect the course of the processin Examples
E s ) i g

interrupt options are BACKUP, REVIEW, CANCEL, RESTART

Joystick: A stick-type control device that can provide continuous cursor control in any direction on a
display screen

Justification. The act of adjusting, arranging, or shifting digits to the left, right or center, to fit a
prescribed pattern

Keystroke Command: A single or limited number of keystrokes that a define command. The
keystrokes are often initiat~d by the simultaneous press of a key that signals a keystroke command and
the first letter of a one word command. Another version of the keystroke command is the function key

Keystroke: The act of striking a key
Keyword: A word exemplifying the meaning or value of the data: (a) one of the significant and
informative words in a title or document that describe the content of that document; (b) a symbol that

identifies a parameter; or (¢) A part of a command operand that consists of a specific character string

Label: Descriptor that is distinguishable from and helps to identify displayed screen structures or

ymponents

Large-Screen Display: A large display which can be viewed from multiple workstations and locations

n a control room. It typically contains important information which should be commonly available to

a control room operating crew members

Layered Windows: Layered windows (in contrast to tiled windows) refers to the on-screen positioning
) ¢

of muitiple windows so that windows can overlap and may obscure the contents of the covered windows

Left Justified: The left-hand digit or character (or its sign) occupies the left-hand position of the space

]

allotted for that data
Legend: An explanatory list of symbols or highlighting used on a graph, chart, diagram, or map

Legibility Fhe quality of a display that allows groups of characters and symbols to be easily
discriminable and recognized

Lightpen: A pencil- or pen-like control device which interacts with the computer system through the

display device screen either by emitting or sensing light

!
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Location. A position or site occupied or available for occupancy

I f
Macro-command: A group of a series of commands redefined as a single command
Main Menu: A top level menu displayed upon entry into the system

Manual Mode: A processing mode in which the user is assumed to provide all inputs (as contrasted with

interactive and automatic modes)
Matte: A surface that scatters incident light nearly equally in all directions; a surface that lacks gloss

Medium: The material, or configuration thereof, on which data are recorded, for example, paper tape,

cards, magnetic tape

Menu: A type of dialogue in which a user selects one item out of a list of displayed alternatives
Selection may be made by actions such as pointing and clicking and by depressing a adjacent function
Key

Menu Bar: A specialized function area that displays categories of user response alternatives

Menu Selection: A type of dialogue in which a user ects one item out of a list of displayed

i

alternatives, whether the selection is by pointing, by entry of an associated option code, or by activation
f an adjacent function key

Message: Message refers to data that are transmitted from another user or from the system

Message Area: A specialized function area for communication from another user or from the system
4 i

Mimic: A display format combining graphics and alphanumerics used to integrate system components

into functionally oriented diagrams that reflect component relationships

Mode: A state of operation in which the system operates in specific, unique ways of has specific, unique

characteristics

Mode Editor: A text editing system in which the interpretation of the same user input varies depending
whether the system is in entry mode or edit mode. Specifically, in a mode text editor the user must enter

special commands in order to cause subsequent inputs to be entered either as text or as editing

commands)

Modeless Editor: A text editing system in which the interpretation of the same user input does not vary,

ordinary characters are entered as text, and commands are invoked using special keys

Monitor: The physical device housing the electronics, dispiay, and display controls for an interactive

computer system (see also VDU)

Mouse A control device whose movements across a flat surface are converted into analogous

movements of the cursor across the screen




Multitasking: The parallel performance of two or more tasks.

N-Key Rollover: A feature of a keyboard input system that stores keystrokes and generates the
corresponding characters in the correct sequence despite more than one key being depressed at the same
time (as in very rapid typing).

Natural Language: A type of dialogue in which users compose control entries in a restricted subset of
their natural language, e.g., english.

Non-disruptive: An action that does not interfere with the ongoing activities of the system or user.
Numeric: Pertaining to numerals or to representation by means of numerals.

Objects: Distinct information whose representation can be displayed and/or manipulated as a single
entity. Objects are normally represented by graphic icons and/or names.

Open Window: Windows which are both perceptually and functionally available to the user. Two types
of open windows exist: active and inactive. (See also Window)

Open/closed: When a window is opened it appears on the screen. Windows may be closed (removed
from the screen) and reopened.

Operand: That which is operated upon. Information entered with a request to define the data in which
the processor is to operate and control the execution of the processor.

Operation: (1) A defined action, namely, the act of obtaining a result from one or more operands in
accordance with a rule that completely specifies the result for any permissible combination ¢f operands.
(2) The set of such acts specified by such a rule, or the rule by itself.

Optical Reader: A device that reads hand written or machine priited symbols into a computing system.

Output: The data which are the product of an information handling operation or series of operations;
the data emitted from a storage device, the data being transferred from primary storage (core, drum) to
secondary storage (cards, tape), electrical pulses; reports produced by a printer or typewriter unit; a
general term for output media such as cards and tape. Contrasts with "Input.”

Page: (1) The data appearing at one time on a single display screen. (2) A fixed-length block of data,
especially that which fits into a printed record or screen, (3) To summon a particular page or the next
logical page.

Paging: A method of viewing and moving through data in which a user conceives of data as being
grouped into display sized pages and moves through it by discrete steps. Also, to summon by calling out
by name.

Panel: The front face of an assembly, normally used for mounting controls and displays.

Parallax: The apparent change in the relative position of objects at different distances from the observer
as the observer's position changes.
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Parameter. A variable that is measured.

Paste: A system function that puts the contents of the temporary editing buffer (a selection previously
cut or copied) at the insertion point of the current interactive window. The buffer contents are not altered
by this operation.

Peak-clipping. A technique for controlling amplitud: relationships in speech by limiting the
instantaneous peak-amplitudes to improve intelligibility of speech, usually followed by amplification of
the signal to increase the amplitude of he clipped peaks to their original level, with proportional increase
of the weaker speech sounds.

Pictographic: Pertaining to a picture-like representation of an object.

Pie Charts: A circle divided into sections (as pieces of a pie) in order to represent graphically the
relative proportions of different parts of a whole. A circular chart cut by radii into segments illustrating
magnitudes or frequencies.

Pop-up Menu: A menu whose items are normally "hidden" from the user’s view until they are activated
or brought into full view by a complete selection action. Pop-up menus remain visible until another user
action takes piace to hide the menu or make a selection.

Position: In a string, each location that may be occupied by a character or binary digit, and may be
identified by a serial number.

Position Designation: User selection ind entry of a position on a display, or of a displayed item. See
also "Cursor."

Pre-emphasis: Systematic distortion of the speech spectrum to improve intelligibility of speech sound
by attenuating the low-frequency components of vowels (relatively unimportant for intelligibility) and
proportionately increasing the amplitude of high-frequency vowel components and consonants (highly
important for intelligible speech transmission).

Precision: The degree of discrimination with which a quantity is stated. For example, a three-digit
numeral discriminates among 1000 possibilities.

Preparing Messages: Includes specification of contents, format and header information,

Print Queue: An area of computer memory that temporarily stores a file to be printed so that the user
can continue interacting with the system while the file prints.

Printer: A device that writes output data from a system on paper or other media.
Processing: The execution of a systematic sequence of operations.

Programmable Function Keys: User programmable keys whose function may vary between applications
or between users within an application.

Prompting: The process or act of assisting by suggestion.
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Prototype: A model of an interface which includes the functions and capabilities expected in the final
system, though not in a finished form.

Pull-down Menu: A menu whose items are normally "hidden" from the users view and accessed by the
user holding the selection button down over the desired menu bar label.

Question And Answer: A type of dialogue in which a computer displays questions, one at a time, for
a user to answer.

Queue: A waiting line or list formed by items in a system waiting for service; for example, tasks to be
performed or messages to be transmitted in message switching system.

Record: A group of related data fields that are operated on as a single entity in a database.

Rejection Level: The minimum level of certainty (represented by a number) required by a speech
recognition system for a spoken command to be executed.

Remote: Acting on or controlling indirectly from a distance.
Request: A user input specifying the operation(s) to be performed.

Response Time: The time between the submission of an item of work to a computing system and the
return of resulits.

Retrace: A capability that returns a user to the last previous display in a defined transaction sequence
(also called "backup”).

Retrieval: The act, method, or procedure for recovering stored data.

Review: A capability that returns a user to the first display in a defined transaction sequence, while
retaining any entries made by the user.

Right Justified: To adjust the printing positions of characters on a page so that the right margin of the
page is regular. To shift the contents of a register so that the least significant digit is at some specified

position of the register.

Row: A horizontal arrangement of characters or other expressions.

Scale: A graduated series or scheme of rank or order.

Scaling: The positioning of displayed data elements with respect to a defined measurement standard.

Scatterplot: A scaled graph which shows relations among individual data points in a two dimensional
array.

Screen Dump:  An action, usually performed with a keystroke sequence, that causes the exact contents
of the current screen display to be captured for printing or storage in a file.
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Screen Structure: A generic display element such as a menu bar or title.
Screen: The software controlled, visual interface of a monitor, e.g., the display surface of a CRT.
Scroll: To move data being viewed in a line-by-line manner; to roll upward or downward.

Scrolling: An orientation for display framing in which a user conceives of data as moving behind a fixed
display frame. The opposite of panning.

Selecting: A user’s action of identifying display elements to the computer in order to ready them for use
in some way (e.g., to open a valve by an input device click on a graphic representation of a valve).

Sequence: An arrangement of items according to a specified set of rules.

Sequence Control: Logic and means by which user actions and computer responses are linked to become
coherent transactions.

Spacing: The distance between any two objects.
Specular Reflectance: The light incident on a surface at angle x that is reflected at angle - x (minus x).

Speech Display: Speech messages (either computer-generated or recorded human voice) conveyed to the
operating crew through audio devices such as speakers and headsets.

Speech Recognition: Permits a user to provide spoken input which a computer interprets as data or
commands.

Status Infermation: Information pertaining to system status which is displayed to a user either
automaticaily or by user request,

Storage: Any device on which data can be entered, held, and retrieved. The act of storing data on such
a device.

String: A linear sequence of entities such as characters or physical elements.
Stroke Width: The width of a line comprising a character.
Stylus: Pen-shaped instrument used to "draw" images or point to icons or menu selections.

Subtractive Color Process: The presentation of color images by means of selective absorption of
projected light.

Symbol: A representation of something by reason of relationship, association, or convention.

Syntax: The way in which words are put together to form phrases, clauses, or sentences.
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System Response Time: The elapsed time between the initiation of a command and the notification to
the user that the command has been completed,

Table: A rows and columns structure consisting of functional areas which contain data which may or
may not require any input. Tables may be used to present a variety of types of information. A
collection of data in a form suitable for ready reference.

Task: A series of transactions that comprises part of a user's defined job. A unit of work for the
system,

Task Analysis: A method of detailing the components of a task in terms of the demands placed upon
the human operator, the information required by the operator, the extent to which the task requires
reliance on or coordination with other personnel, and the relation of the task to other tasks.

Terminal: An input/output device used to enter and display data. Data are usually entered via a
keyboard, and are usually displayed via a video screen ("soft copy”) or a printer ("hard copy”). A
device, usually equipped with a keyboard and some kind of display, which is capable of sending and
receiving information over a communication channel.

Terminology: The technical or special terms of expressions used; nomenclature.

Text: The primary display for word processing, consists of alphanumeric character strings in linear
arrays, making up words, sentences, and paragraphs. The main body of printed or written matter on a

page or in a message.
Text Entry: [Initial entry and subsequent editing of textual data.

Tiled Windows: Tiled windows (in contrast to layered windows) refers to the on-screen positioning of
multiple windows side-by-side so that no window overlays information on another window.

Tiling: A means of manipulating windows by which muitiple windows on the same display abut, but do
not overlap. As the number of windows increases in the tiled window environment, the size of each

window decreases.

Touch Screen: A control device that allows the user to communicate with the computer by touching a
screen,

Touch Zone: An area of a display that a user can activate to perform a predefined operation (e.g.,
displaying a pop-up window),

Trackball: A control device with which the user can control cursor movement in any direction by
rotating a ball.

Transaction: An action by a user followed by a response from the computer. Transaction is used here
to represent the smallest functional unit of user-system interaction.



Turnaround Time: (1) The elapsed time between submission of a job to a computing center and the
return of results. (2) In communications, the actual time required to reverse the direction of transmission

from send to receive when using a halt-duplex Circuit
Undo: A capability that reverses the eftect ot the previous operation

Update: Regeneration of changing data to show current status, by user request oi automatically by the

Omputer

User Response Time: The speed with which a user can enter commands and control a system regardless

f the computer’s ability to quickly process the commands

Validation: (of Information) Functional capabilities that check information entry items for correct

content of format as defined by software logic

Value: Specified data for a particular parameter or variable

f

Variable: A quantity that can assume any of the given set of values
| : g

Variable Function Key: A dedicated key which invokes functions of the system; the specific function

invoked varies depending, e.g., on the mode of operation selected by the user

DI Video Display Unit

Visual Angle: A measure in degrees of the size of the retinal image subtended by a viewed object. It

represents the apparent size of an object based on the relationship between an object’s distance from the

ht), An object of constant size will subtend

viewer and 1ts size "‘L’Y'[‘\'."h!i.ulxﬂ {« ‘[‘f(ﬂj viewer § line of
§

a smaller visual angle as it is moved farther from the viewer. Visual angle is typically defined in terns

of minutes of visual arg

Warning Signal: A signal which alerts the operator to a condition requiring immediate action (see

Caution Signal)

Window: A geometric area on a computer screen within which the system displays intormation or

receives input from the usert

Window Overlay: A portion of a display that is temporarily used to show added features such as

requested data, menus, or user guidance, which may obscure previously-displayed data

Word: A character string or a bit string considered as an entity

Word Wrap: Occurs when words displaced from one line are moved to the next line so as to maintain

¢

the continuity of the text

Workstation: The physical console at which a user works
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audio display device 104, 112
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bar chart (see display format)
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size 40
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color (see display element)
commands 113, 115, 117-118, 120-121,
123, 127-128, 132, 137, 141, 152,
165, 166-168, 170, 177, 179, 190,
195-196, 201, 210
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communication 103, 112, 217, 225-227,
230-231
speech-based 112, 217
confirmation 42, 116, 119, 124, 164-165,
197-198, 228
consistency 39, 43, 55, 61, 101, 132, 139,
211, 221
console 109
contrast 54, 98, 107, 109, 111, 209, 235
contrast ratio 107, 109, 111, 209
control 39, 40, 43, 44, 46, 49, 52, 79, 87-
88, 105, 108-109, 113-125, 127, 130-
136, 138-139, 141, 145-146, 148,
155-160, 162-164, 166, 170-171,
173-175, 177, 182-187, 193, 195,
197-199, 203-208, 210-211, 213-214,
222, 227-228, 232, 237
cursor 62, 117, 133-139, 144, 146-147,
154-160, 162, 167, 170-171, 173,
176-177, 182-183, 186-187, 189, 206-
209, 213
control 146, 155-159, 173, 182,
206-208
movement 117, 154-157, 177, 207
multiple 154, 158
pointing 158-159
text entry 160
data entry 40, 61-62, 113-115, 117, 124,
126, 136, 142-148, 152, 154-158,
162, 164, 170, 193-195, 199, 201,
203, 229
data protection 164, 199-201, 203, 231
data quality 106
demarcation 46, 180
dialogue 113-114, 116, 118, 120, 151, 168,
196
display 44-112 (see also display device,
display element, display format)
display control 44, 145, 174
display device 112
display element 50, 53, 107, 155 (see also
display, display format)
abbreviations and acronyms 85
alphanumeric characters 59, 79, 85, 160
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display element (continued)
color 46, 52, 54, 68, 73, 76, 78, 80,
93, 95, 97-98, 134, 147, 165, 203,
211, 216, 225, 237
icons and symbols 80, 111, 139, 237
labels 44, 46, 49, 54, 58, 61-63, 65,
68, 70, 74, 78-79, 83, 86, 88, 90, 92,
94, 100-101, 113, 115-116, 126, 130-
131, 133-134, 137-139, 142-143, 145-
146, 148, 157-159, 162, 174, 176,
178, 180, 182, 189, 199, 203, 211
numeric data 53, 59, 89, 91, 125, 207
display format 44, 46-50, 53-55, 59-60, 67,
74, 130, 143-144, 157, 203 (see aiso
display, display element)
bar charts and histograms 50, 65-67
circular profile chart 70-71
continuous text 49
flowchart 48-49, 52, 75
graphs 46, 48, 50-51, 53-54, 65, 67-69,
72-73, 86, 90-92, 147-148
linear profile chart 71
maps 48, 50, 78-79, 147
mimics and diagrams 48, 50, 76
pie charts 48, 50, 74
speech displays 48-49
display suppression 176, 203
editing 113, 117, 147-148, 157, 185-186,
187-189, 191, 195, 229
environment 82, 103, 104, 152, 158, 170,
213, 216, 226
error messages 44, 113, 165-167, 170, 193
excerpt file 192
fatigue 102
feedback 41, 53, 101, 116, 139, 152-153,
156, 164, 171, 183, 197, 199, 200,
208, 209, 214-216, 231
tactile 20§, 209, 214
field 49, 61-62, 86, 122, 124-126, 135,
142-144, 154, 157, 160, 162, 167,
186, 193-194, 203
flowchart (see display format)
function keys
fixed 211
programmable 134, 141

grid 92-93, 215-216
grouping 40, 44, 46-47, 62-63, 73, 94,
130, 132, 142, 148, 211
menu items 46
methods 46
principles 44, 46-47
heading 62-64, 79, 188
height 56, 83-84, 92, 100, 108-109, 131,
160, 181, 209, 216
help 43-45, 47, 51, 53, 58, 62, 73, 79, 89,
100, 113, 119, 121-122, 128, 130,
132-133, 138-139, 142, 144-148, 150-
151, 162-163, 167-169, 193-195, 199,
200, 203, 231, 233
icon 53, 76, 86-88, 132, 145-146, 177-178,
182
input 42, 44, 113, 114, 118, 120, 122,
124-126, 133, 136, 142-145, 147,
152-153, 156, 159, 162, 166, 171,
190, 195, 205-206, 210, 214-215,
217, 221, 226
input device 145, 205-206, 226
alphanumeric keyboards 209
function keys 114, 116-117, 120, 128,
134, 135, 138, 139-141, 145-146,
155, 157, 162-163, 168, 174, 176-
177, 182, 198-199, 203, 211-212
joystick 155, 158, 205-206, 214
light pen 54, 97, 109, 237
mouse 42, 135, 144, 155, 182, 206,
213
speech input device 217
touch screen 215, 216
trackball 206, 213
input format
command language 114, 127-128, 132
direct manipulation 145
forms 40, 48-49, 54-55, 61-62, 81,
118, 127-128, 142, 144, 150, 152,
156, 215, 230
function keys 114, 116, 117, 120, 128,
134-135, 138-141, 145-146, 155, 157,
162-163, 168, 174, 176-177, 182,
198-199, 203, 211-212

254



INDEX (Cont'd.)

input format (continued)
menu selection 42, [13-114, 116, 118,
120, 130-132, 134-137, 139, 154
natural language 113-114, 150
query language 114, 146, 150
question and answer 114, 151
speech 48-49, 81-82, 112, 152-153,
217, 226
interface 39-40, 43-44, 113-115, 121, 124-
125, 135, 141, 145, 158, 168, 173,
185, 196, 198, 200, 225, 228
inverse 52, 116
job 95, 111, 197
key 68, 102, 114, 116-120, 123-124, 128,
130-136, 138-141, 143, 145-146,
155-157, 162-163, 168, 174, 176-177,
182, 198-199, 203, 206-211
key layout 207-208
keyboard 42, 117, 125, 131, 135, 137-138,
145, 152, 155, 170-171, 177, 193,
202, 207-211, 215
keypad 146, 163, 207-208
label (see display element)
legibility 54, 57, 83-84, 97-98, 102, 111
lightpen 125, 136, 144, 155
list 42, 47-49, 54, 58-60, 81, 86, 115, 120,
127-128, 130-131, 134-137, 141, 171,
180, 182, 187, 195, 200, 213, 222,
225, 230
macro 141
menu 42, 81, 113-114, 116-118, 120,
130-137, 139, 145, 147, 154, 168,
178, 180, 182-183, 190
menu structure 130, 132-133, 135-136
option 137
pop-up 134
pull-down 134, 168
selection 42, 113-114, 116, 118, 120,
130-132, 134-137, 139, 154
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message 44, 52-53, 81, 86, 102, 116, 121,
127, 138-141, 162, 164-168, 170,
173, 182, 186, 193, 195-197, 199,
201, 203, 211, 228-233
advisory 52, 115-116, 119, 139, 162,
166, 168, 193, 197, 199, 201, 211
help 168
warning 81, 165, 183, 186, 197
microphone 226
mimic 46, 76-77
natural language 113-114, 150
navigation 40, 173
noise 49, 82, 103-104, 226-227
option 88, 116, i18-120, 123-125, 130-137,
154, 157, 180, 182, 188, 190, 198-
199
overlay 54, §7, 111, 115, 118, 120, 131,
139, 160, 180, 207, 211, 216
paging 133, 174, 177-178
pan 78, 174, 177-178, 182
parallax 216
password 164, 193, 200-201, 203
patterns 48, 50, 54, 69, 78-79, 83, 98, 100,
113, 175
pictorial patterns 54
plot, -ing 65, 68-69, 72-73, 90, 147-148
precision 80, 206
printer 111, 113, 116, 230, 232-233
priority 81, 103, 180, 225, 228, 230, 232-
233
procedures 39-40, 109, 113, 118, 150, 152,
168, 185, 197, 200-201, 203, 225,
229
prompt, -ing 62, 115, 118, 120-121, 127-
128, 133, 142, 146, 148, 151, 162-
163, 165, 168, 197, 200
proportional spacing 56, 157
protecting data 200
readability 47, 51-54, 56, 83, 89, 94, 159,
175, 21§
reset S5, 138, 174
resolution 83, 91, 107, 109, 147, 206, 235
reverse video 160
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screen 44-45, 54-55, 62-63, 83, 86, 98,
101-102, 107-110, 130-131, 134, 138,
144-146, 151, 154, 156-159, 174,
180, 185-187, 189, 193-194, 206,
213, 215-216, 222, 229, 232, 235

scroll, -ing 120, 134, 143, 174, 177-179,
181-183, 189, 232

security 168, 193, 200, 203

sensitivity 155

signal 62, 76, 81-82, 87, 103-105, 117,
119, 124, 132, 136, 138, 158, 165,
170, 200, 202, 226-227, 23§, 237

speech input 152, 217

spoken 81, 152-153

stylus 145, 215

system messages 160-161, 232

system response time 113, 170-171

tab keys 156

tabbing 49, 62, 124-125, 143-144, 147,
182, 186-188, 191

tables 48-50, 54, 57-60, 185, 187

target area 69, 137

temporary editing buffer 189, 191

texture 78-79

thumbwheel 158

time 40, 49-53, 56, 61, 65, 68-69, 81, 90,
91, 94, 102, 105, 111, 113-114, 116,
118-119, 124, 127, 139, 152-153,
156-157, 165-166, 170-172, 175, 178,
190, 201-202, 204, 206, 215, 221,
228-232

time scale 91

title 44-45, 83, 133-134, 182

tone 103, 165

touch 117, 135-137, 156, 206, 215-216

training 39-40, 61, 114, 127, 199
transaction records 199, 204
transmission 52, 138, 203, 216, 225-231
trend displays 68
trending time intervals 68
typeface 59, 83
undo 117, 182, 195
update rate 51, 105, 175
user identification 200
VDU 47, 54-55, 61, 86, 93, 107-109, 235,
237
video 52, 116, 146-147, 160
visual 39, 44-45, 49, 52-53, 61-63, 65, 68,
79, 90, 94, 97, 100, 102-105, 109,
132, 134, 144, 154, 156, 162, 165,
175, 208, 211, 214, 228, 227, 237
visual angle 10§, 109
warning 81, 102-104, 11§, 165, 180, 183,
186, 197, 200, 211
window 45, 57, 115, 117, 118, 120, 131,
145, 147, 154, 158, 160, 173, 177,
179-184, 191, 203
active 183
control 182
display 173
movement 183
position 183
selection 180
size 180, 182, 183
tiled 181
title 182
types 180
workload 39, 42-43
workplace 237
zones 44, 80, 216
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