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Human factors engineering can increase plant safety, productivity,
and availability. This primer will enable plant managers to recog-
nize areas for improvement through human factors applications
within the context of task requirements, personnel capabilities,
and interface designs.

Dospm uhty and nnancul constraints, m«m« can achieve mgh lovm of
plant performance by managing such human factors concerns as work struc-
ture (a yaneric term first defined in EPRI report NP-3141), personnel motiva-
tion and training, rmaintenance, and control-room/workplace design and
modification. Utility managers therefore need to understand the principles
and rationales underlying human factors and to recognize this discipline as
part of a continuing effort, rather than as the shortterm solution to an
immediate problem. As an extension of previous work (EPRI reports NP-309
and NP-1567), EPRI sponsored this study to promote awareness among
utmty manmmont ubout oppomnmu for humun Mcton apphcmor..

+ To help managers increase plant performance through an understanding
of the effects of human factors on plant operations.

*» To help managers recognize and make decisions that will progressively
.mprovo pononnol por!ormance

A team of human factors experts mtualod the information needs of nuclear
power plant managers on the basis of interviews conducted in a werkshop
setting and on surveys performed in previous research enurts. They then
prep.  chapters 10 respond to those needs Plant representatives and
humai ctors engineers reviewed successive drafts, recommending
changes and clarifications. The final report integrated the suggestions and
commonts 01 rewewars

This mtormatoon primer (oomposed in a question-and-answer format for
readability) contains five briet chapters:

« Chapter 1 provides an overview of human factors engineering, discussing
the objectives, methods, and benefits of this discipline, as well as some
common misconceptions, The chapter presents a framework for assessing

EPRI NP-uT14s
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oersonnel performance in terms of such factors as task requirements,
human capabilities, and interface designs. This framework also struc-
tures the information found in subsequent chapters.

« Chapter 2 describes factors that dictate the nature of personnel tasks:

function allocations, work structure, and policies. It focuses on decisions
that can improve the task requirements assigned to plant employees.

« Chapter 3 addresses decisions about personnel selection, training,
and documentation that could increase personnel performance.

« Chapter 4 discusses issues of interface design. Subjects covered-—
design of facilities and system and suppon equipment-—are likely 1o
concern plant managers during the next 3 1o 10 years.

« Chapter 5 presents information about resources to help plant
managers initiate a human factors program and discusses staffing
doctaiom

Human factors ongimung provides nuclur utimy managers with a
program to achieve exceptionally high standards of piant performance.
These high standards can best be achieved with a program that ad-
dresees selected human factors applications within a plant. This report
nplqmn al. of the possible lpplccanom

RP1637.5

EPRI Project Manager: M. L. Parris
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Contractor Em:u Corpomson

For further information on EPRI research orograms, call
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ABSTRACT

This document is intended (0 increase managers’ awareness of the effects of human faciors on plant performance,
help them 10 recognize whien decisions have underlying human faciors implications, provide a basis for determining
how 10 improve personnel performance, and indicate how they can get help for planning and staffing a buman fac-
tors program. To develop the document, a team of recognized buman factors experts constructed lists of topics, then
outlines, and, finally, chapter material designed 10 be responsive 1o the information needs of nuclear power utility
managers. Successive drafts were then reviewed by utility representatives and & variety of human factors engineers,
The format, style, and page layout was designod (0 attract interest and enhance comprehension. The aocument con-
tains five brief chapters. Chapter | provides an overview of human factors engineering, what it is concerned with; its
Objectives, methods, and benefits; as well as some common misconceptions about it. Chapler 2 addresses decisions
that managers might make 10 improve the task requirements imposed on plant personnel. Chapier 3 describes what
decisions managers might make (o improve the human capabilities of plant personnel Chapter 4 completes the pic-
ture by addressing decisions related to mterface designs. Finally, Chapter § presents information aboul how utility
managers can get help to satisfy human factors engineering needs.
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Preface

Thus primer was written {of nuclear utihity managers
—= people who have responsibility for making decisions
about factors affecting plant personne! performance,
Included in this intended audicnce are corporate of -
ficers, station and plant managers, department directors,
and supervisors,

Nuclear utility managers have long been successful-
Iy confronting pressures for exceptionally high stand.
ards of plant performance. The public demands that
safety standards unprecedented in the power industry
be attained in nuclear operations. The Congress and the
Nuclear kegulatory Commussion try 10 serve this public
interest. Consurmers, utility commissioners, and stock-
bolders also demand that plant operations be cost-effec-
tive. And, of course, the ever-witchful press vanously
represents these concerns, slong with the industry ‘s

response.

But, external pres sures aside, it's internal motivation
~ within the indsstry, the corporation, and the m-
dividual manage — that determines whethier plant
performance wi't be improved. 1U's the self improve-
ment motivation that causes many utilities to not only
respead 10 - letter of regulation, bat 10 its mtent as
well, and 1o show leadersiip that goes beyond the
limited mmy of regulanon. Most people in the nuclear
industry agree that regulations encourage utiiities 1o
meet the minimum standards, not 1o reach for excel-
lence.

This primer is intended to suggest how self mitiated
plant performarce improvements can be achieved
through human factors applications.  Such a book is
needed because few utility managers appreciate the full
range of human factors applications in ¢ plant. While
some managers are familiar with certan aspects ol
human factors engineering, having helped determine
their utility s response 10 NRC requirements for huma:
factors engineering (e.g.. for control room design
reviews, OF revision of emergency operating prove-
durcs), of being exposed to huinan factors apphcations

in some other context, few recognize the full range of

potential human factors applications.

The appreciation of utility managers [or human tac-
tors applications is reminiscent of the fabie about six
blindfolded men trying to describe an clephant. You
may recall that each takes hold of a differemt part of the
beast — trupk, ear, Wi, eic. - and tries to describe the

whole based on a perception of one of s parts, None,
ol course, comes Close, Using this fable as an analogy,
we want (o point oul that the manager whe's familiar
with only one part of human fasctors engineering has no
better appreciation of the whole than another person
who's familiar with a different part. 8o it happens that
some managers think human factors engineenng deals
mainly with structuning and managing work 10 achieve
better efficiency. Others think it's concerned more with
whether peaple find their jobs meaningful and reward-
ing. Stll others think that paying atention (© buman
tactors means selecting people who are well qualified
for jobs and then traning them to handle all contingen-
cies. Many Uk that human factors engineering ap-
plies mainly 10 how people get information through
displays and how they manipelate controls, tools, o
other objects. “What about workspace design” you
may ask, “Isu 't that an iportant part of human factors

engineering "

The point is that buman faciors engineering is con-
cerned with all of these things - and more. We hope
that the information provided in this primer will expand
your perspective on human factors engineering and put
you at least a step closer toward taking full advantage
of what's knewn aboui human performance in nuclear

POWEr Operations.

Many people contributed 10 the preparation of tus
prier.  In s early stages, Julian Christensen and
Harold Van Cotl heiped identify topics that the primer
should address.  They also developed outlines and
drafied materials, along with Dave Metster, Fred Muck-
ler, Chuck Sempile, and Battina Babbitt. In addition,
Smoke Price, Mark Sanders, and Ray Riley helped
review outhines and early drafts. At a workshop, mem-
bets of the nuclear power community reviewed drafi
material and made invaluable suggestions for improve-
ments, Throughout, EPRI management and members
of the human factors sub-commitice actively par-
tcipated v the creation of the primer as well as provid-
ing direction ae-d support. Joan Anderson contributed
inmeasurably 10 the conception, planning, and con-
struction of this document, But,in fairmess 10 all the
peopie who helped, it should be pointed out that the
Principal Investigator is solely responsible for any
weaknesses that the primer may have,

Robert G Kinkade
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Chapter 1
HUMAN FACTORS ENGINEERING:

For Better Plant Performance

This chapter includes three sections thal provide an overview of human factors engioeening Section 11 defines
what buman factors are and provides a framework that will help mensgers recognize how decisions about task re-
quirements, human capabilities, and imerface designs impat ofpdant perdormance. Section |2 defines the objec
tives, methods, and benefits of human factors engineenng. Section |3 dispels some misconc eptions that can deter
your utility from achieving an eflective human factors program.

TASK
REQUIREMENTS

HUMAN
CAPABILITIES

INTERFACE
DESIGNS

- e g N C
e /
\\ ‘,’/

Exhibit 1-1. Engineering personnel pedformance means achiaving a good it
among task requirements, human capabilities, and interface designs
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Section 1.1
A Conceptual Framework

Questions addressed in this saction are:

What wre human factors?

What plant performance goals drive decisions about human factors?
What costs and losses associated with personnel performance can't be passed on (o consumen”

What are task ; equirements?

What progressive decisions can managers make about task requirements?
What human capabilities does tusk performance depend on”
What progressive decisions can managers mike aboul the capabilities of persounel”

What's a “man-machine” interface”?

What progressive decisions can managers make about interface designs?

Are all buman factors in plant performance under management's control”?

What are human tactors?

All the variables i a4 work situation that interactively shape personnel performance.

For example:

* task complexity and tme constraints;

¢ work group relations,

¢ human sensing demands,

* attention level, expectations, and self con-
fidence;

+ the presence and adequacy of procedares,

+ climatic conditions. and

¢ mOvement Consnctiony

are some of the factors that interactively determine
whether personnel consistently do what's needed 1o
help achieve plant performance goals.

Managers need a systematic way of considering
husnan factors in the context of decisions they make. So
the framework provided i this primer relates human
factors 1o plant performance goals and management
decisons about:

+ TASK REQUIREMENTS (what peaple are ex-
pected to do),

«  HUMAN CAPABILITIES (what people are
able 10 do), and

¢ INTERFACE DESIGNS (what they've got to
work with).

What plant performance goals drive decisions about human factor 1?
Goals tor plamt safety, productivity, and availability — which are, in tumn, related (o operating costs and lost

Tevenues.

Ways of mecting plant safety goals include not only
eliminating potentials for release of radioactivity 1o the
environment, but reducing the radiation exposure of
personne] and the likelibood of their suffering injury or
of equipment being peedlessly damaged. Some ac-
cepled plant safety indicators are significant event oc-
currence, collective radiation exposure, number of

personnel exceeding S-rem annupally. and lost-time ac
cident rate.

Ways of meeting productivity goals involve increas-
ing the efficiency, rehiability, and motivation of person-
nel (as well as decreasing turnover, absentecism, and
tardiness ). Indicators of productivity anclude heat rate,
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of Btu per kilowstt hour, and expended labor hours 1ot
work accomplished.

Ways of meeting availability goals i lude increas.
ing the tumie the plant can operate at full power by reduc-
ing the occurrence of human errors that contribuie to
oquipment failures of needlessly extend corrective
waantenance tme. Among availability indicators are
forved outage rate, unplanned aulomatic seram ocour
tence, and the ratio of (he power a plant actually

produces 1o its tated capacity.

To achieve plant goals, management often has 1o
change interrelated factors that affect petsonnel perfor.
mance. The requited level of nvestment in changes
depends on what a plant's curtent performance is and
ot how high the utility s goals are. 1 doesn’t cost much
10 get some improvement i performance that s pot very
good. But, more must be spent 1o achieve noliceable in-
provements i performance that's close o excellent, as
shown in Exhibit 1-2. 1 plant safety, productivity, and

LEVEL OF

LOw

W g
LEVEL OF INVESTMENT

Exhibit 1-2. The closer your plant performance
is 10 being excellent, the more you can expect
to spend 1o achieve improvements.

svarlability goals are very high, they can't be achieved
without making relatively high investments in human
fucrars apphications along with other improvement re-
lated activities,

What costs and lost revenues associated with personnel performance can't be passed on

1o consumers?
Those associnted with avondable human error

Like utility managers themselves, consumer activists
and utility commissioners are increastogly less walling
Lo accept human error as a legitimate, unavoidable cause
of plant shuidowns or extended downtime. They re
more inclined 1o suspect underlying causes of error that
are under management's control,

Recently, for example, a utility wanted (0 pass on the
$5.4 million costs of a shutdown (o 1s consumers, But
wie Public Service Commission reguired the utility o
absord 78% of the cost. It ruled, “Management should
have toreseen the need for and benelit of mstituting
some form of review inspection procedure 1o prevent
the type of human error that occurred”™.

What are task requirements?

In another instanee, 4 wtility acknowledged the just
ness of an NRC fine. Ms own invesugation of an
automatic cooling system shuldown conciuded, “Un-
clear labeling of switches, a lack of detatl i test proce-
dures, deficiencies in training. and inadequate
corrective actions led 1o the incident ™,

But wnvestments i improving personnel perfor
mance through huinan factors applications pay off
more ways than avoiding fines and lost revenues. Such
investments enhance salety and reduce operating costs
over the long run. Not only are buman errors avoided,
bul persannel are better motivated 1o be productive. snd
help the utility achieve six goals

All the acuvities personnel must perform 1o prescribed standards,

Tasks, or scgments of work assigned to personned,
are determined by system and ofganizational futictions
System functions dictate what and how well something
has 10 be done (o salely operate the plant. Organization:
al functions dictate what has 1o be done to plan, coor-
dinate, and supervise system operations as well as 1o
protect plant security and personnel health and salety

Every task s Characterized by an mitiating cue and o
terminating cue, as shown in Exhibit -3, The initating
cue mdicates a discrepanc y between an existing condi
ton and & system ot orgamzations) requirement. Steps
in the task have 1o be performed o prescribed standards
The terminating cue then indicates that the discrepancy
has been corrected
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TYPICAL TYPICAL
INTIATING OUE KIND OF TASK

TERMINATING CUE
SYSTEM FUNCTIONS

CONTROLLING

- - - e e e e e

Direct impoct on operstions of process systems

TROUBLESHOOTING VERIFICATION
B A B e S W . .wk A & THAT CAUSE
dentifying couses of deviations i s

$OERAD REPAIR /REPLACEMENT CONFIRMA TION
MANTENANCGE GR & THAT MAINTENANCE
COMMUNICA TION e T I T Er e —— st
Preventing or correcting equipment maltunction AGHEVED
AN TENANCE

ORGAN:ZATIONAL FUNCTICNS

DIRECTIVES PLANMING APPROVAL

:mm NEED . S OGS W e e e R e WS e OF PLAN BY

CHANTEE N AU THOR( TED

OPERATIONS Subsequent direct Impoct on operations (ANAGEMENT
SUPERVISOR Y

DIRECTION REPORTING AKNOWLEDE

OR PLANT A Wi T e T -l P INFORMA TION

DOCUMENTS Providing Information about plant conditions TRANSFLR

SUPERVISORY VERIFICATION THAT
S8 A- a0 W AW B b B W e SUPERVISORY
Directing or supporting others mm"”

Exhibit 1-3. Tasks have intiating and terminating cues that are related 1o
system and organizational requirements.
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ATTENTION RESOURCES
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PERMANENT
MEMORY

W s 1o

ENSING

PERCEIVING AND

RESPONDING

INTERPRETING

Exhibit 1-4. The performance of tasks depends on sensing, perceiving, inerpreting, and
responding abilities -- which, in turn, depend on attention and memory.

reliably on the job. Costly training features aren't al-
wiys needed to achieve training ohjectives, co progres-
sive decisions reflect the result of ir Weoffs between
cost and effectiveness, Decisions abou documents can
reduce requirements for personne! (o remember and in-
tecpret information. Documents developed on the basis

What's a “man-machine” interface?

of task analysis and what's known about capabilities of
petsonnel aid performance. They present task required
mformation in ways that are compatibie with personnel
capabilities and that contribute o ease of use in the ac-
tual performance situation,

A point where encrgies are received or transmitted by personnel.

Intertace desipns reflect not only display and control
features needed 1o exchange ieformation between per-
sonnel and equipment, but other conditions affecting
such exchanges. Interface design features include, for
example, the access space provided in workspaces as
well as light, heat, sound, and other environmental con-
ditions. Devices like platforms and hoists, tools, storage
containers, and furnishings also affect the efficiency
and rehability of wteractions between equipment and
poersonnel.

Decisions about interface designs impose speciiic
sensing, perceiving, interpreting, and responding de -
mands on personnel, as indicated in Exhibit (-5, Inter-
face designs that are compatible with the capabilities
and expectations of personnel (ncrease performance ef-
ficiency and reduce the tikelihood of error. Designs that
unburden personnel of needless demands improve per-
formance reliability. For example, consistent designs
relieve personnel [rom the need 10 cope with inconsis-
tencies.

What progressive decisions can managers make about interface designs?

Decisions about the feaiures of:
«  Iacilities;

*  vyslem equipment, and

¢ Support equipment.
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A CONCEPTUAL FRAMEWORK

Are all human tactors in plant performance under management's control?

To a great exient, but not entirely.

Some important factors shaping performance are dif-
ficult for managers 10 control. For example, managers
can't be expected 10 assess emotional factors on a daily
basis and adjust persounel assignments accordingly (al-
though many supervisors atiempt this on an informal,

sonnel performance means leaving less 1 chance and
relying more on enlightened choices. Human factors |
recommendations are inteaded 10 build n a margin of
tolerance — by addressing factors that management can
do something about, some of which are histed n Exhibit |

interpersonal basis). But, systematically improving per- 1-6.
TASK HUMAN INTERFACE
REQUIREMENTS CAPABILITIES DESIGNS
DECISIONS  ABOUT DECISIONS ABOU T DECSIONS ABOLT
PERSONNEL FUNCTIONS PERSONNEL SELECTION FACILITES
Tosk complexit Body dimensions Tioffic patterns

o information ood
o anticipatory Jemands

Task criticality ctress
Task frequency
Task time stress

Innote abllities ond opti-
tudes

Personal values and esto-
blished ottitudes

Established capablities and
expectations

Obstructions and distroc—
tions (nolse, glore, move-
ment)

Lighting, viewing ongles, and
distances

Level of comfort (pain,
hunger, thirst, climatic
conditions)

Work group relctions

o outhority ond
responsibiiity

o group identification

Interdepa-tmental coordina -
tion ond communications
requirements

Attitudes reinforced during
troining

Level of confidence

Procticed teomwork

WORK STRUCTURE TRAINING SYSTEM EQUIPMENT
e Current knowiedge Sensing demands
o competing demonds
© monotony Skill leveis Perceptual demands

o odequacy of coding
o display//control relations

Memory demands
Decision making support

Motor demaonds (speed,
strength, precision)

© biological rhythms

o effects on family and
soclal life

Incentives

Work breaks

o ottention level

o unevenful vigilance

bwm methods

Sensing demaonds
Perceptual demands
Memory support
Decision making support

DECISIONS ABOU T DECISIONS ABOUT EQRNS ABOUT
POLICIES DOCUMENTS SUPPORT EQUIPMENT
Shift schedules Ease of occess and use fLose of occess ond use

Communicotions demands
Motoar demands
Movement constrictions

Fhysical strain ond injuries

Exhibit 1-6. Examples of factors that shape personnel performance,
according to the kinds of decisions that determine them.
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Section 1.2

Objectives, Methods, and Benefits

Questions addressed in this section are.

What is human factors engineering, and what are its objectives”

What percentage of plant events is attribated (o human error?

Why is human error so prevalent”?

What's the source of human factors principles, criteria, and methods?
What human factors engineering methods supply useful management information”

How are questionnaires and interviews useful?
How are surveys useful?
What is task analysis, and why is it important”

What techmigues are used to analyze task behaviors?
Should all tasks be subjected 10 comprehcnsive analysis?

How are test and evaluation trials useful?

What benefits have been realized through human factors engineering”?

What is human factors engineering, and what are its objectives?
The systematic application of principles and criveria derived irom what's known about human performanc 10 im-

prove operations involving peopic.

Human factors applications are intended (o improve
plant performaace by increasing the safety, efficiency,
and motivation of personnel; reducing the ocourrence
and consequences of human error; and reducing long-
term operating costs. More specifically, human factors
applications help ensure that personnel:

+ aren't expecied to perform with greaier speed,

accuracy, strength, or agility than they're cap-
able of;

*  have, can clearly sense, and can correctly per-
ceive and interpret all the informabion needed 10

perform assigned lasks,

«  canremember relevant information not provided
in the situation,

«  can easily execute required acuons, and

» are unburdened of needless mental or physical
demands.

In short, human factors engineering helps manage-
ment get the fit that's needed among task requirements,
humarn capabilities, and interface designs 1o achieve
plant performance goals.

What percentage of plant events is attributable to human error?
The precise proportion is subject 10 debate, with experts arguing about numbers between 40 - 60%, but almost

everyone agrees it's 100 high.
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OBJECTIVES, METHODS, AND BENEFITS

NRC attributed 44% of the events descnbed in the
1988 Licensee Event Reports 10 human error. Other ex-
perts put the proportion much higher. But relatively few
human errors justify filing an event report. The ones that
doare like the tip of an iceberg, Human errors that occur
daily may go unnoticed, but they are also troublesome
and costly — some more than others,

Why is human error so prevalent?

Because a combination of factors, like inadeguate
training, deficient procedures, ineffective communica-
tions, and excessive overtime, all interactively impose
demands on personnel that exceed their capabilities.

Since the days of Alexander Pope, it's besn 4 notion
in popular wisdom that “10 err is humau”. But human
errors aren’'t 4 random phenomenon, tot are they typi-
cally caused by the perversity of the people involved
Instead, they are usually induced by external “root
causes”, some of which are listed in Exhitat 1-7),

Human error 18 iself an effect, not & cause. You be-
come convinced of this when you get beyond naming a
problem and take steps toward solving it Take a good
look into any event attributed v human error. You'll
probably find the human who erred is less the operator
or technician in question than the designer, the progran:
planner, or — ultunately — the manager who over-
looked some buman factors prnciples and criteria,

The public has come 10 associate human error with
catastrophic events But errors, whether made by equip-
menl of people, are simply deviations in performance
from a specified standard. The performance of the tech-
nician, for example, who “repairs” a misidentified com-
ponent may not be jeopardizing plant satety, but is
needlessly extending the time some plant equipment is
unavailable.

180 SIGNIFICANT
SAFETY RELATED EVENTS
1983 -~ 1084
T
INADEQUATE
. s KNOWLEDGE
OR TRAMNING |
FAILURE TO
FOLLOW .
ROCEOURE DEFICIENT
bevcam— PLANNING OR
SCHEDULING
COMMUNICE TIONS R B
ERRORS
|| oencient
SBLioy SUPERVISION
PROBLEMS

Exhibit 1-7. INPO-ideniifiva root causes for
180 significant safety related events.

What's the source of human factors principles, criteria, and methods?

Diverse disciplines — including engineering, psychology, physiology, anthropometry, biomechanics, sociology,
and education — as well as about 45 years of human faclors research and pracucal experience,

Human factors engineening translates principles and
research data related (o personnel performance into a
coherent set of guidelines or criteria. Specific recom-
mendations that enahle management 1o systematically
unprove personnel performance can then be made on

the basis of such guidelines or criteria. lts methods in-
clude ways of identifying personnel performance prob-
lems, recommending possible solutions, and evaluating
solutions as they 're developed.

What human factors engineering methods supply useful management information?

A combination of:
+ questionnaires and wnterviews,

O surveys,

+  lask analysis; and

»  performance measurement in test and evaluation trials

10
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How are surveys useful?

For identifying discrepancies between existing designs and human factors critera.

Survey methods involve reviewing specific design
features, taking measurements (¢.g.. of viewing distan-
ces and angles, lighting, noise levels), and comparing
results 1o human factors criveria. A number of checklists
have been developed (o support buman factors surveys
lnnuckuwwcrplmu(e‘;.conuommdosigncbcct-
lists developed by NRC, .m‘mﬁ; maintainability
checklists developed by EPRIT). When features of -
terfuce designs deviate from criteria stated i the check -
list, the discrepancy is recorded on a form like that
shown in Exhibit 1-9,

Same discrepancies can be convemently corrected al
minimal expense (Le., using human factors gutdelines
for design enbancements™) Managers will want the sig-
nificance of other discrepancies (e g., those mvolving
expensive equipment design changes) 1o be assessed by
a multidisc iplinary team considering

+ any history of associated error,

« potentials fov error,

+  likelihood of recovery from error, and

«  consequence of error. given the worst likely set

of circumstances.

HED ¢

DATA COLLECTION METHOD (cheek):
MEASUREMENT /OBSERVATION

identifled problem /

HUMAN ENGINEERING DISCREPANCY REPORT

HED NTLE: DLSPLAY NOT. WiTiidl KELOMMEMDED (VAWML AREAL

ol QUESTIONNAIRE (record N rozomwm who
)

oate 5/02/86

ITERION #

_1._ DOCUMENTATION REVIEW

HED TYPE (check): .. INDIVIDUAL .L GENERIC

ITEM TYPE/
EXAMPLES

NOMENCLATURE

PANEL LOCATION

DisPLAY

R-4/60 TURBINK

L. DEARN G TEMP

vB -/ A-5

RECOMMENDED ZoANE
x

PROBLEM DESCRIPTION:  =ry//s RECORDER /5 NET WITHIAI THE

OF 50-6% /NewEs ARevE

Ry e —

Exhibit 1-9. Sample form used in a survey to report design features that don't comply with
human factors criteria.
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What benefits have been realized through human factors engineering?
Improved plan safety and substantial savings through increased plant productivity and avadlability.

In responding 10 regulatory actions and pursuing
self-motivated incentives as well, utility managers have
gained some appreciation of the benefits of human fac-
tors engineering, That is, some managers helped deter-
mine their utility's response to NRC requiremerds
vearing on the mandated industry-wide review and im-
provement of control room designs, Others have had a
hand m implementing performance based training in

one or more plants or been concerned with revision of

emergency operating procedures of other human (actors
improvements, At recent meetings and seminars, in-
dustry representatives have spoken of the kinds of
benefits listed in Exhibit 1-12.

But human factors applications in nuclear power
planis have been relatively recent and 100 sporadic 1o
produce volumes of compelling “before and after™ data,
Benefiis that the utlities are starting o realize can only
he suggested by limited operating expenence and anec-
dotal evidence, such as that proveded in the following
examples.

Alter redesigning control panels for Iwo units, usine
redesign recommendations derived from human tuctors
analyses, one utility expects savings of about $728 000

m lost revenaes over five years. Operators in these units
have greater confidence, which also helps relax some
of the public’s concerns.,

Since gomng on line, another plant had experienced
cight unscheduled shutdowns due to failures of the reac-
tor coolant pump seal. An EPRI study determined that
job performance wids covering selected seal main-
tenance tasks could result i saving of about half the
total cost of these shuidowns — of about $42,000,000.*

Another example involves human faclors evaluation
of cooling garments 1o be worn i the containinent
building under radianon protective clothing . Protective
clothing unpairs air circulation and sweat evaporadon,
causing accuwnulation of body heat. So heat stress rather
than radiation exposure becomes the governing factor
for wechnician stay tme. To help improve manienance
productivity, EPRI sponsored tests demonstrating in-
creases in

« techmcian satety and comforn (1e¢., lower hean

rate and body lemperature, greater case of move-
ment) and

«  efficient work time (1., doubled)
through use of a frozen water vest.” Different utilinies
estimate resultant savings of from $33.000 w0 over $1.2

INCREASES IN

REDUCTIONS IN

SAFETY o PRODUCTIVITY « AVAILABILITY

NEEDLESS COSTS

Reliabllity and efficiency of
personnel performance

Adequacy of communications
Cosi-effectiveness of training
Job satisfoction of persornnel
e Motivation
¢ Confidence

e Commitmant to achleving
plant goals

Ocourrence of human error

Consequences of error
e Number and severity of
injuries
e Damage to equlpment
Wosted time and motion

Number ond qualificotions of
personnel required

Troining requirements ond attrition

Job dissotisfaction of persennel
o Turnover
® Absentseism

Exhibit 1-12. Benefits of human factors engineering
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million yearly (the higher ligure being from a utility that
would otherwise shut down the plant for containment

repairs).

In related applications, several plants have usea heat
stress management guidelines developed by EPRI 1o
govern work in both radicactive and nonradioactive hot
environments, Results have shown a significant in-
crease in work performance and plant availabiity.

Utilities and Architect/Engineering firms are using

body dimension information for nuclear power plant
personnel developed by EPRL Such applications have
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Section 1.3
Misconceptions

Questions addressed in this section are:

Is human factors enginecring more than using common sense?

Why does human factors engineering address apparent tnfles, like the separation between a doorknob and the jam”?

Isn't human factors mainly concerned about bow people interact with knobs and dials?

Can you look up anything you need 1o know about human faciors engineering in a handbook or guide?

Can buman factors engineering provide answers 1o almost any question affecting personnel performance?

Is human factors engineering more than using common sense?

Much more.

Everyone likes to see evidence of what's called com-
mon sense. But sound designs and programs are easier
10 recognize than arrive at, and not all that com-
monpiace in a complex society. You don't have 10 look
long and hard for examples of everyday nonsense:
things that don't work the way you'd expect, or infor-
mation that coma. ** tnore than it enlightens.

What makes sense obviously depends on a person’s
perspective (as a user, or designer; or as a message
receiver, or sender). It also depends on the knowledge
base that people have in common. For example, en-
gineers laying out the touch telephone pushbuttons
believed the zero should be placed before one on the
keypad. But, most people think of zero as coming alter
nine. Research showed that many costly dialing errors
could be avoided by placing the zero after the nine on

the keypad.

Anyone can relate some human factors principles to
personal experience. If one squares with the other, that's
all to the good. Butl stmply being human doesn’t make
any sensible person knowledgeable about human fac-
tors. 1 know all about human performance — U'm
human™ is like the tribal chief's self-defeating reason-
ing' “My people don’t need nussionary doctors, They
know all about leprosy — they 've gol it.

Here's a point that might be made with anyone who
persists in equating human factors applications with
common sense. Say, “We're going o give the tech-
nicians working on that noisy turbine deck carplugs so
they can hear each other better,” You may have to repeat
the remark because some people don't equate the wear-
ing of earplugs with hearing improvements.

Whether it makes sense to your listeners will depend
on what they know about sound frequencies, hearing
and voice ranges, and masking effects. (That is,
earplugs block reception of high-frequency noise betler
than relatively low-frequency speech sounds, So they
reduce high-frequency masking effects and actually
enable the wearer to better hear speech in a nossy
piucc.')

Unfortunately, some managers think it's enough to
simply raise the awareness of plant personnel about
human factors concerns and then rely oncommon sense
{0 solve problems related to such concerns. But, re-
search findings about human performance are some-
times unexpected, and principles that are derived from
research aren’t necessarily consistent with everyones’
general experience

Why does human factors engineering address apparent trifles like the separation between

a doorknob and the jam?

Because performance demands and stresses in the work situation have a combined efiect
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MISCONCEFTIONS

Can you look up anything you need to know about human factors engineering in a hand-

book or guide?

No, the most important information comes from multidisciplinary leams working to solve specific problems,

Human factos handbooks and guides typically em-
phasize detail, furnishing guidelines or specific criteria
for various applications. For example, an EPRI1 guide
addressing control room development provides detailed
step-by-step design guidance and criteria checklists, as

doesn't address the features of a particular control room
or specific constraints managers have 1o consider in
authorizing design changes. No handbook or guide can
elininate the need 1o collect situation specific data or
substitute for systematic analysis to produce the best

shown in Exhibit 1-14.% But its guidance is generic and solution 1o 4 particular challenge.
CHECKPOINT CATEGORY, INQUIRY, COM- |
f AND PAGE REFERENCE YES | NO |MENT

Has the feasibility of providing strategically located repeater
stations to enable effective use of radio links been assessed,
ineluding attention to avoiding ereation of electromagnetic
interference with the operation of sensing elements? (pg. 278)

if repeater stations will be provided, has the feasibility of
implementing extensive use of individua! pocket beepers been
assessed, including the following concerns:

® Would 2ach beeper incorporate vibra-tactile stimulation for
detection and have its own radio pulse code?

e Have beepers that also include a capability of displaying the
telephone number of the calling party been considered?
{pg. 278)

Have capabilities represented by different types of equipment been
integrated into an overall communications system plan? {pg. 278)

Have needs been considered {or backup equipment, alternate routes,
and load switching capabilities that could be used in case of
equiprient failure? (pg. 278)

Has an inventory been prepared, listing the guantities of equipment
necessary to support the communications system? (pg, 278)

Has a communications eonfiguration map been prepared, depicting
candidate equipment at each node location? (pg. 278, 279)

SPECIFIC PRESCRIPTIONS

Establish Standards for Transmission Characteristics

Have desirable objectives, or targets been recommended for
dynamie range, frequency response (l.e., bandwidth and attenuation
distortion) phase shift, and signal loss characteristics of
communications equipment transmission? (pg. 27%-280)

Has a dynamic range target of 50 dB been recommended, but has a
minimum of about 30-40dB been established? (pg, 281)
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Exhibit 1-14. Sample checklist page on communications system design

from a human factors guide.
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Chapter 2
TASK REQUIREMENTS:

Decisions about Personnel Functions,
Work Structure, and Policies

This chapter includes three sections that suggest how changes in task requirements —— what people are expected
10 do — can belp bring about improvements i plant performance, Section 2.1 suggests how management can change
task requirements by reallocating plant functions between personnel and equipment. Section 2.2 indicates how
decisions to restructure work — by reorganizing relatonships among job positions and reassigning tasks 1o jobs —
can help. Section 2.3 addresses decisions about policies that govern how work is managed, scheduled, and rewarded.

HUMAN
CAPABILITIES

INTERFACE
DESIGNS

Exhibit 2-1. Task requirements reflect decisions about how functions are
allocated between personnel and equipment as well as how
work is structured and managed.

23



Section 2.1

Decisions about Personnel Functions

Questions addressed in this section are:

What progressive decisions can managers make about personnel functions”

What might prompt managers to consider reallocating functions between personnel and equipment”

What information do managers need in reexamining personnel functions?

Are there any pitfalls associated with function reallocation decisions”

How can human factors engineering help managers make sound decisions about function reallocation?

What progressive decisions can managers make about personnel functions?
Decisions that heip achieve more effective use of the diffening capabilities of people and equipment.

When your plant was being developed, early
decwions d ctated much about the functions that person-
nel perform today, That is, functions that equipment
couldn’t perform well or within cost constraints were
allocated to personnel. Since that time, operating ex-
perience along with technological advances have
provided a basis for reexamining decisions about per-
sonnel functions.

Function reallocation is seldom a simple question of
reassigning a broad personnel function 10 equipnient.
Instead, personnel functions usually have to be broken
down o identify specific operations that could be bet-
ter performed by equipment. But, rather than swinging
from reliance on personnel to full automation, the
decision is more likely to focus on the tradeoffs of
achieving an effective balance between the capabilities
of personnel and equipment, as shown in Exhibit 2-2.
Sound decisions take advautage of the strengths of dif-
fering components and compensate for their weak-
nesses, increasing performance reliability and ofien
reducing operating costs as well

Exhibit 2-2. Rather than total reliance on per-
sonnel or full automation, the objective of func-
tion reallocation is to achieve effective
balance between personnel and equipment
capabilities.

What might prompt managers to consider reallocating functions between personnel and

equipment?
The impetus for change might include:

< regulatory actions,

* technological advances,

+  internal investigations of safety related events, and/or

« gpecific goals o improve persotmel safety
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Regulatory agency actions, such as the NRC require-
ment to provide a Safety Paramcter Display System
(SPDS), might prompl a manager 10 reexamine how
functions are aliocated. ln some plants, for example, the
SPDS has been designed to perform some information
processing funcuons formerly allocated to personnel.
That is, the SPDS not only indicates safety status as re-
quired, bul also classifies deviant plant parameters into
predetermined categories. Thus, it provides procedural
guidance 10 operators when selected parameters fall
outside acceplable limits,

Technological advances, such as the ever increasing
capability of low Cost computers, are Spurming managers
to explore a variety of function reallocation oppor-
tunities, Computer-based advances run a gamut from
sensor data integration ¢7.d decision making support to
mantenance planning and diagnostic aiding.

As participants i INPO's Significant Event Evalua-
ton and Information Network (SEE-IN), many utilities
are routinely mvestigating safety-related events 1o un-
carth and report the root causes. Managers can use root
cause reports o identily opportunities for realiocating
functions 10 achieve more reliable plant performance.
For example, some techmician errors in surveillance
testing of automatic safety systems might be avoided in
the future by use of performance monutoring devices.

Specific goals to improve pesonnel safety, such as
programmutic efforts to keep radiation exposure as low
as reasonably achievable (ALARA), may also inspire
managers 10 consider reallocating functions between
personnel and equipment. For example, some utilities
are exploring the use of telerobotic devices that can be
opergied by technicians &t locations remole from those
where hazardous conditions exist,

What information do managers need in reexamining personnel functions?
A descripuion of the functions atfected by a potential change, along with information about the feasibility and cost-

eftectiveness of function reallocation alternatives.

A functional flow block diagram iy a useful way of
describing the specific functions needed to accomplish
a broad function. For example, the function of control-
ling steam generator level, given a tube rupture, might
be described as shown in Exhibit 2-3,

The approach used to describe specific functiors
should facilitate comparative assessment ol the

——

capabilities of both personnes and equipment. For ex-
ample, detect, maich, select, actuate, and verify func-
tions can be related to the capabilitics of people or
equipment, as indicated o Exhiont 2-4,

The feastbility of having equipment perform variable
functicns is partially dictated by the extent to which
determunistic operations can be defined, Deteninistic

DETECT
ACTUAIE
ACSTEAM & AGANST |-y AKUARY
GENERATOR SETPOINT PUMP
LEVEL
DETECT

ACTUATE
MATCH SELECT ALTERNATE
ALTERNATE
WATER [—9 WATER |—
SUPSLY SUPPLY
VALVES

Exhibit 2-3. Sample functional flow block diagram showing the functions needed to control steam

generator level, given a tube rupture.
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HUMAN CAPABILITIES:

SPECIFIC INVOLVED IN PERFORMING
FUNCTIONS SPECIFIC FUNCTIONS
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_Mcontrol .
|
- .
|
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Exhibit 2-4. Relation between specific functions and human capaoilities
that may be involved in performing them.

operations can be derived from physical laws expressed
in mait matical formulae, from a set of rules expressed
in the form of algorithms, or from a set of heuristic pro-
cedures expressed in the form of sequential steps. If
deterministic operations can't be specified, variable
functions have to be periormed by personnel.

The cost-effectiveness of function reallocation alter-
natives can be assessed on the basis of identified trade -
ofts and priorities. Function reallocation decisions can

reduce the number o1 personnel; required qualifications
and training, ard the occurrence of accidents and in-
juries. safetv related events, or needless downtime. But
function reallocation decisions also affect capital ex-
penditures. Invesiments in engineering developments
may involve some risk. Explicitly stated strategies con-
cerning tradeoffs and priorities among operating Costs,
revenues, capital expenditures, and development costs
provide a basis for assessing function reallocation alter-
natives.

Are there any pitfalls associates with function reallocation decisions?
Several, their common source being lack of explicit awareness ou the part of management that acquiring a new
equipment capability represents a function reallocation decision.

Sometimes managers focus atlention on equipment
changes without recognizing how these changes could
impact on human. Fo: example, when many personnel

functions are reallocated (o equipment, personnel may
be left without enough meanmgful work daring normal
operations, and boredom can degrade their capabilities
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not only 10 periorm routine tasks but to respond 1o un-
usual evenrs. Unless they are given adequate practice
on tasks required for abnormal conditions, personnel
may 750 be unable 10 intervene when equipnient fails,
Ard experienced personnel may resist learming how (o
ke advantage of new equipment capabilities.

Ways of avoiding these prtfalls include, for example,
designing equipment with “embedded training” fea-
tures to provide stimulation as well as practice oppor-
tunities during normal operations. Another is involving
experienced personnel in design decisions and making
changes gradually to help personnel adapt to them.

How can human factors engineering help managers make sound decisions about function

reallocation?

By helping 1o identify troublesome tasks that are amenable (0 partial reallocation, by providing specific informa-

tion about human capabilities and limitations, and by alerting
sociated with function reallocation alternatives,

Extensive lists are available comparing human and
machine capabilities, as suggested briefly in Exhubit 2-
5. Updated often because of rapid advances in equ!'fv-
ment technology, these lists provide general guidance |
which usually has to be augmented by specific data .

Managers most need (o be advised when function
reallocation decisions have pervasive human factors

management to interrelated human factors concerns as-

implications. The expected addition of a large pumber
of advanced displays in the control room is a good ex-
ample of function reallocation calling for many interre-
lated changes. That is, a decision (0 unburden personnel
of some requurements to integrate information may have
10 be attended by changes in how work is structured and
what training is needed as well as in interface designs
(as discussed in Chapter 4).

- - e { _ |
| FUNCTIONS EQUPMENT STRENGTHS | HUMAN STRENGTHS |
’ Senses energies and energy ranges [ ‘ 5 r f
| OETECT thet humans do not, and contin- Recognizes patterns ond con some- |
| | ously monitors inputs for slight ] :nm:;;,:'.crm diibir did it b ol
' | deviations. E ‘ i
| Ll L . : ]
{ , \ 1
| MATCH | Compores lorge amounts of data | Con use experience ond judgment ;
| J with precise, fixed volues. ? to anticlpate deviations |
] i

|
i ; ‘ -
SELECT Selects octions on the Sosis of Con improvise ond adopt flexivie
i ik i | opproaches when soiving unigue

predetermined logic

problems.

Exerts lorge cmounts of forge
ACTUATE smoothly, contintously, ond
precisely to tractk input signals.

Con glter uctions based on 0ssess—

ment of piant conditions. ‘

Calculotes stglistica! meosures

VERIFY or tronsiates related meogsures .

verify octions have token ploce

Con infer octions have ogourred
from informaotion agbout downstream
equipments, ;

Exhibit 2-5. Comparative strengths of equipment and humans
tor performing specific functions.
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Section 2.2
Decisions about Work Structure

Questions addressed in this section are:

What progressive decisions can managers make about the work structure in a plam?

What mught prompt mansgers (0 consider rostructaring work?

Is there a single, best organizational design”

What human factors methods are useful in redesigning jobs and their interrelationshup?

What general principles apply to restructuring work?

What aspects of the work structure can contribute o the job satisfaction of personael?

Wt are job performance standards, and why is it unportant 1o explicitty define them?

How can human (actors engineering help manggers make sound decisions about work structure”?

What progressive decisions can managers make about the work structure in ¢ plant?
Decisions that achieve an equitable distribution of duties among personnel, enabling ail task requirements (o be

efficiently and relinbly met and promotng job satisfaction,

Management decisions about the structure of work
determine:

«  how comprehensively task requirements are rep-
resented in the duties assigned (o different job
positions

+  what tasks are assigned to single job positions
(and, in turn, what capabilities different person-
nel must have 10 pertorm job tasks); and

+  whether personne] have authority commensurate
with asstgned duties, receive all the intormation
they need to perform job tasks, and know whal's
expecied of them.,

Restructuring work usually entails identifying task
requircments that aren’t being adequately met and
determining how duties could be better disiributed
cither across several jobs or a whole organization. Ob-
jectives include increasing efficiency, reducing costs,
ereating motivating career paths for personnel, reduc-
ing the stress or monotosy of work, and otherwise
decreasing the likelihood of unreliable perfonuunce.

When your plant was being developed, job positions
and staffing needs were defined accordi g 1o manage-
ment assumpuions about;

«  the equipment related functions personoel would
perform,

« needs for planning, supervising, reporting, and
coordmating work; and

+  the advantages of a particular organtzational
structure.,

Since that time, regulatory actions have imposed ad-
ditional job tasks and staffing requirements, as have
other chunges management has initiated.

Different work structures have evolved among the
8S nuclear power units in the U.S. For example, some
utilities combine senior reactor operatorn and shift tech-
nical advisor (STA) positions, while others define con-
tiuing full-time duties for the STA and still others treat
the STA as an oft-site resource avalable “on call”.
Marked differences exist not only w the work structuse
of units with similar facility and equipment desigus, but
in their performance as well.! Those work structures
that produce superior performance are more compatible
with the requirements personnel have (o sausfy. tm-
provements in plant performance can be achieved by
reorganizing job relationships and redefining the duties
of some job positions so system and organizationa! re
quirements can more casily be satisfied.
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What might prompt managers to consider restructuring work?

Changes might be suggested by, for exampie:

+ technological advances;

+  investigations of safety related events; and
+  goals to increase maintenance productivity.

Incorporating technological innovations (e g., an ad-
vanced display system) call for changes in job design
and communications channels across the organization.
For example, the operator stationed at an advanced dis-
play console might be assigned duties for monitoring
plant siatus and directing control actions that are ex-
ecuted by other operators. In addition, if the same ad-
vanced display capabilitics provided in the control rooru
are provided in the emergency operating facility and the
technical support center, operator responsibilities for
communicating plant status information could be great-
ly reduced.

Investigations of safety related evenis may prompt
other changes in work structure. In one plant, for ex-
ample, failure 10 isolate a steam train during main-
tenance led management to redefine operator duties,
Before the event, maintenance support duties could be
assumed by any control room operator who acknow-
ledged a roquest on the paging system (which was used
an average of once every 30 seconds during the day.)

Is there a single, best organizational design?

After the event, management reassigned the duty of
supporting maintenauce 1asks 10 one operator.

Significant reductions in operating cosis can be ob-
tained by establishing maintenance productivity goals
and making changes 1o how work is structured so the
goals can be met. in ope plaat, for example, a study
revealed that only about 27% of technictan time was
typically spent performing equipment related tasks. The
rest was spent obtasting work orders and tools, locaung
equipment, and interacting with security, quality con-
trol, and bealth physics personnel.

Increases in maintenance productivity could be ob-
tained in some plants by reducing the highly specialized
nature of some technician jobs. That 15, a decision to
provide specialty cross-training and broaden the assign-
ment of job duties can reduce wasted time when work
would otherwise require several highly specialized
technicians, alternatively working and waiting, 1o com-
plete it

None known, bui some evidence suggests that highly centralized organizations don't perform as weil as decentral-

ized mes.z

Centralized orgamzations, with many vertical tiers,
increase the requirement for personnel in management
positions (o possess broad capabilities. These organiza-
tions also rely heavily on effective top-down and bot-
tom-up communications. Decentralized organizations,
with fewer vertical tiers and more horizontal branches,
reduce capability and communications demands im-
posed on upper management personnel, but increase the
requirements for coordination across groups.

Management span of control and work group size are
interrelated concerns in structuring work across an or-
ganization. That is, small work groups, from 5to 10 per-
sonnel, not only permit effective supervision, bul
promote group identification and mutual supportive-
ness. Evidence is impressively consistent that absen-
teeism and, o a lesser extent, turnover rises with the
size of the work group.] and job satistaction tends to
decline with increasing work group size.

Which human factors methods are useful in redesigning jobs and their interrelationships?

Job design methods

Questionnaires or interviews and various task analysis technigues.

Questionnaires and interviews are usefu! in identify-
ing problems associated with the existing work struc-
ture, For example, personnel may indicate that
interdepartmental communications are inadequate for
supporting performance of their tasks. However, such

methods are not particularly useful when attempting to
solve identified problems. Task analysis methods can
provide the information needed to solve identified
problems. For example, such methods provide informa-
tion that can be used to cluster related tasks into jobs,
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Information about the sequence, frequency, and wipor-
tance of equipment imeractions and required com-
munications 15 useful in assessing workloads and
determining where redundant or special supervisory

duties should be assigned, Task analysis information
can be used to create a tumeline, as shown in Exhibit 2-
6, providing a basis for better distributing duties across
Job positions.
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Exhibit 2-6. Sample portion of a timeline summary for a postulated event (i.e., steam generator
tube rupture).

Another technigue usefui in assessing and improv-
ing the efficiency of organizational interactions is to
develop a sociogram, as shown i Exhibit 2-7. Each
department or organizational unit involved in perfor-
mance of a series of tasks is identified by points on a
circle, and lines are drawn to depict the frequency of in-
teractions between units. The resulting diagram sum-

marizes the volume of communications between units
and may indicate the need to combine or reassign some
duties to facilitate efficient, productive communication
performance. In the example shown, for instance, main-
tenance and engineering indirectly recerve information
about plant conditions rather than exchanging informa-
tion with the control room.
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DESIGN JOBS SO TASKS:

FUNCTION RELATIONSHIPS

LOCATION RELATIONSHIPS

APTITUDE RELATIONSHIPS
TIME UTILIZATION will keep the person

period.

oddress related functions

EQUIPMENT RELATIONSHIPS | concern similar equipment systems or subsystems,
are performed in the some general location,
KNOWLEDGE RELATIONSHIPS | demand the same or similar knowledge base,
require the same or reioted aptitudes,

than excessively ropou ve tosks

at varied rather
ring a typical work

uotely bu

ORGANIZE JOBS SO:

SUPERVISORY STRUCTURE

CAREER PROGRESSION

there is an explicit definition of responsibility ond
outhority for ossigning personnel, distribution and
evoluating work and making decisions in emergencies.

eoch job is reloted to other jobs where the primary

; differences in job level is the degree of proficiency

Exhibit 2-8. General principles that can be applied in restructuring work. 4

What aspects of work structure can contribute to the job satisfaction of personnel?
The maich between the work itself and the capabilities of personnel, the sense of responsibility and aclievement

each job affords, along with opportunities for growth
and advancement.

Experienced managers area 't surprised 10 learn that
salary isn't the major factor in job satisfaction. No
amount of salary can compensate for work that person-
nel perceive as a dull, meaningless, “dead end”™ way of
life. When people believe that are not being adequately
compensated for the work they do by salary, status (ot
perquisites), interpersonal relations, or working condi-
tions, it can lead to job dissatisfaction. But the factors
associated with job satisfaction are quite different, as
shown in Exhibit £ 9, and are strongly related 1o dec
sions aboul job design,

SATISFACTION | DISSATISFACTION |

|
4

| Work itwelf | Salary |
| Stotus ‘
Resyonsibility | Reigtians with {
| Subordinutes
| Paars
Achievemernt Supervivar

| Working cqnditions

| Interference with

{ personal life |

Company policy and |
its administration |

Quolity -and quantity |

i of supervision l

Exhibit 2-9. Factors associated with job satis-
faction are differont for those associated with
dissatisfaction.

‘ Regognitien
| Growth

|_Advoncemant

What are job performance standards, and how are they used?
Stated measures of performance where specific values have to be achieved to satisty functional or organizational
requirements, used (o evaluate individuals as well as 1o identify where improvements are needed.

When job performance standards are explicitly
defined:

+  personnel know what's expecied ol them and are
more likely (0 bring 1o management aticntion
anything that interferes with their meeting ex
pectations;

33

+  management can systematically review,
evaluate, and provide constructive feedback on
personnel performance, and

«  measures of actual job performance rather than
test results and subjective judgments can be used
to evaluaie factors in the job situation affecting

performance,
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Defining reasonable job performance standards re
quires active participation of work supervisors and the
personnel whose performance will be evaluated. Reach-
ing agreement on meaningful job performance stand-
ards is often difficult, but o's necessary 1o avoid the
widespread problem of focusing on secondary iather

. 5
than primary job measures,

Job performance standards can best be derived from
an analysis of required system and organizational func-
tions. The purpose of such an analysis is to identify
measures reflecting response time and accuracy re-
Quirements associated with tasks assigned to single job

posttions. Quantitative standards that can be objective-
ly defined and measured are preferred over qualitative
standards that have (o be subjectively interpreted. For
example, task and workload analyses could reveal thai
within a given time (e.g., annually), the utility expects
a technician (o comply with a given work schedule
while successfully performing a reasonable number of
preventive maintenance tasks, and completing a num-
ber of repairs on certain components (e, according (o
equipment reliability data). This information provides
a basis for defining the means by which the technicisn's
performance will be evaluated and rewarded or cor-
rected.

How can human factors enyineering help managers make sound decisions about work

structure?

By calling atiention to problems, providing information about task requirements and workloads, and ideniifying

tradeoffs among structuring alternatives.

The number and qualifications of personnel as well
as required investments in training, documents, and in-
terface designs are affected by decisions about work
structure. For oxample, some costs can be reduced by
assigning duties to fewer people, but training may have
to be increased. And if performance reliability is adver-
sely affected, associated losses may make reductions in
staffing a very false economy.
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Section 2.3
Decisions about Policies

Questions addressed in this section are:

Whalt progressive decisions can managers make about plant

policies?

What might prompt managers 10 make policy changes or additions”

Why will information management policies and procedures become mote important as applications of digital tech

nology increase?

How do work scheduling policies affect personnel performance and motivation”

Why is it important to provide work breaks during long,

monotonous tasks?

How do policies about rewards and disc. line influence personnel performance”?

How can human factors engineering help managers make sound decisions about policies?

What progressive decisions can managers make about plant policies?
Decisions that foster reliable, productive performance and contribute 10 the job satisfaction of personnel.

Policies define various aspects of how work is
manar«d, scheduled, and rewarded. Changing policies
usually means determining how the psychological, so-
cial, and physiological needs of personnel can be satis-
fied within the context of accomplishing required work.
Objectives wclude increasing productivity, reducing
the likelithood of performance errors, and strengthening
the motivation of personnel to help achieve plant goals.

When plant policies aren’t explicitly defined, various
practices simply evolve. For example, if management

doesn't set reasonable limits on what amount of over-
ume it will anthonze under what conditions, it may be
overpaymng for degraded performance that jeopardizes
plant goals. Similarly, if management doesn’t have a
policy 1o mvolve personnel in decisions that substan-
tially change plant operations, it not only forgoes having
their insights, but may undermine their identification
with utility goals and their motivation 10 help achieve
them. Explicidy defined policies are often necded 1o
support decistons about work structure and changes to
training, documents, or interface designs.

What might prompt managers to make policy changes or additions?

Reasons including, for example:

+  adesire 1o promole plani programs (e.g, prevertive maintenadice, heat stress management),

+ analysis of unexcused absences during periods of extended downtime; and

«  awureness of low morale among personuel and the aature of their complaints.

Many managers try o stay aware of how special
programmatic efforts could help them achieve better
plant performance. For example, most utilities want 10
increase their program of preventive maintenance, by
using computers to ~ompile equipment history and
maintenance information and to produce a more com-
prehensive preventive maintenance schedule and track-
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mg syslcm.2 But, policies governing how nformation
will be collected and how decisions will be made are
needed to ensure that the program achieves s objec-
tives. Similarly, a number of plants have adopted a heal
stress management program that calls for redefinition
of specific policies governing work methods in hot en-
vironments.
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PERCENT OF RESPONDENTS

Exhibit 2-11. Relation betwaen annual over-
time hours worked and the percentage of per-
sonnel who reported family/social problems,
decreased productivity, or concern about safe
performance.

Rotating shifts cause disruptions in bological
rhythias, or cyclical changes in physiological measures
that occur over time. Biological rhythms that ocour
daily or over a 24-hour period are called divrnal and cur-
cadian rthythms respectively. Disruptions of such
rhythms result in sleep loss and selectively affect cer-

tain abibities. For example, 8 otlity to retan ifornia-
uon in short lerm memon wed more than some
other abilities when bioloy uytbms are disrupted
Personnel generally shake 1. _..ogs of sleep loss within
2 < days, depeading on the individual. But it's usually
necessary for people (o work the same schedule for 2

3 weeks (3 weeks preferred) before physiological
measures fully adjust o (he schedule. Rotations forward
i time are casier to adapt 10 than backward rotations.

Socul factors also play an important role in how well
people accept different shilt rotation schedules, Miss-
g opportunities (o spend time with family members,
partcipate in social occasions, and attend amusements
offered during week-end and evening hours can cause
personnel 1o feel resenttul loward the utility and un-
motivated to perform well 1o their jobs.

Problems associated with rotating shifts can be
avoided by establishing fixed shifis, Fixed shifts have
the advamtage of permitting people to acrange their hives
and adapt to working a particular shift. Another ad-
vantage is that the same people work together over long
periods and develop a team spint. But, as many
managers already know, it's difficult to find people who
are both qualified to perform certain jobs and who are
willing 1o consistently work night or graveyard shifis.
Where problems associated with rotating shifts can't be
avoided, other means have 10 be used to compensate 107
performance losses (.2 changes i interface designs,
waning, or documentation ).

Why is it important to provide work breaks during long, monotonous tasks?
To keep the attention of personnel at an acceptable level throughout each shuft,

During periods of time when very little is happening,
a person’s attention level graduatly decreases. 1o addi-
tion, lapses in attention, sometimes referred o0 a8
periods of micro-sleep, occur with greater frequency
and duration. Toward the end of a work period, atten-
tion level picks up and fewer lapses occur

Scheduled work breaks, where the pevson is refieved
from duties and is free (o leave the job situation, partial-
iy offset declines i attention. Although attention level
may not fully recover to the level at the beginning of
work, the expectation of a break and the stimulation ob-
tained during the break slow the continuing decline.

How do policies about rewards and discipline influence personnel performance?
Anticipaied rewards continually motivate personnel perforinance, where discipline produces only tempotary im-

provements,

Effective managemeni emphasizes rewards and
decmphasizes penalties. But before management can
appropriately reward personnel performance, it has 1o
define job pertormance standards and also determine
what personnel consider most rewarding. Job perlor
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mance siandards should be defined and fully understood
by both the performer and the supervisor who assesses
pertormance. Effective rewards are Likely to include
providing career advancement opportunities and
various means of tormally recognizing work well done



How can human factors engineering help managers make s ound decisions about policies?
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Chapter 3
HUMAN CAPABILITIES

Decisions about Personnel Selection,
Training, and Documents

This chapter discusses how human capabilities — what people can and are inclined to do— relate 10 task require-
ments and interface designs. Section 3.1 addresses selecting personnel on the basis of abilities, aptitudes, and attitudes
required 1o successfully complete training and perform job tasks. Section 3.2 indicates how decisions about training
detedinine whether personnel possess all the knowiedge, skills, and attitudes their jobs require. Section 3.3 discusses
decisions about procedures and other documents that can relieve excessive demands on the capabilities of personnel
when they 're performing tasks.

TASK
REQUIREMENTS

INTERFACE
DESIGNS

Exhibit 3-1. Information about human capabilities supports decisions about
personne! selection and training as well as needs for
procedures and other documents.
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Decisions about Personnel Selection

What progressive decisions can managers make abou! personnel selection?
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PERSONNEL SELECTION
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With this information. managers can betier ap-
preartie the tradeoffs ‘nvo.ved in personnel selection.
Estimating the impact on traming tine and costs of ac
commadating peopls who lack relevant aptitudes and
achievement levels (e.g i radwg) ofluences what -

vestment (1's approprisle 10 make i personnel selec
tion. Sunilarly, knowing what document and inlertace
design changes would be needed 10 accommodate
peop’s: who're Lee outside the norma! range on specilic
cupabilities enters o the tradeolfs.

What distinguishes abilities and aptitudes from attitudes and capabilities?
The extent 1o which they're attribiiable 10 experience und can, therefore, be changed.

Characteristics and potentials inherent at birth are o
person’s basic abilies and aptitudes. They can be
developed, but not created where they don 't first exist.
Attitudes and capatulities. on the other hand, reflect
both heredity and experience.

Abilities include:

¢ sensing (e.g, vision, audition),

¢ processing (eg., atlention, memory, perceplion,
interpreation,, and

¢ responding (e.g., speech, muscrlar action),

Aptitudes are innate potentials for developing
abilities into capabilities through specilic learning ex-
periences  Aptitude levels predict the extent 1o which

— given opportunity — a person will acquire the
kaowledge, skills, and atttudes needed to perform a job.

Attitudes are related (o ntate personaity variables,
but they ‘te also shaped by experience. Long-held ut-
titudes can be very resistant 10 change, So it's useful to
consider job-required atitudes in defining personnel
selection critena. Effective training can then be ex
pecied 1o further shape and reinforce attitudes needed
for safe, rehable performance.

Capabilities sepresent all of a person’s achieveinents,
or what the individeal has done to develop inbom
charactenistics, They also reflect expectations and
habitual ways of responding that the person has ac
quired.

Whet variety of screening instrumoents are wvailable 1o support personnel selection

decisions?

Ability, aptitude. and achievement tosts as well as personality and attitude surveys.

Ability tesis provide both psychological and
physiological measures of inherent individual differen-
ces. They include, for example, tests of hearing, percep-
tion, memory, and motor abilities as well as olerances
10 environmental conditions like dust, chemicals, and
heat. Apdtude tests predict success in scholastic or dif-
fering vocational endeavors, while achievemen! tests
assess various knowledge and skills a person already
possesses. Personality and attitude surveys provide »
format for interpreting responses Lo guesuans about per-
sonal values, beliefs, and preferences,

The preeminemt source of information about
psychological (usts *s the Mental Measuremedw! Year-
book series (with nio: editions published in the years
1941 through 1985). The most recent edition contains
descriptiors and cr.ical reviews of 1,409 instruments
produced or revived in the last seven yean.' As shown
in Exhibit 3.3, 1ersonality and vocationa! aptitude tests
account for more than 40% o the recent additions.

CLASSIFICATION No. | %%
“ergongiity 350 | 248
Vosotional optitudes 208 | 209
Leng.oges 134 9.8
intelligence and

olostic aptitude 100 79
Reoding 97 6.9
Achievement botteries L] a8
Developmental 56 40
Muthematics 4€ 3.3
Speech and heoring 39 28
Sclerce 26 1.8
Motor /visual motor 23 1.6
Neuropsycheioglcol 14 1.¢
Fine orts ') 8
Multiaptitude 8 6
Socio! studies LY A

Exhibit 3-3. Major classification of 1,409 tests
produced or revised in the last seven years.

You should be aware that if numerous overlapping
tests are admunistered in personnel selection, r osts will



What innovations in lesting can be applied to achieve effective and economical selection

of personnel?
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How can human factors engineering he ip managers improve personnel se lection at then
plant?






Section 3.2
Decisions about Training

This section addresses the following questions.

What progressive decisions can matiagers make about training

What might prompt managers (o consider unproverments (o training?
What's the relation of human factors engingering (o current training technology ?

Wity is performunce based training superion 1o that developed solely by subject matier experts?

What distinguishes knowledge from skills?

What instructional features account for mejor differences in development and detivery costs?

What wre the comparative advantages of different kinds of raming devices?

What's wransfer of learning, and why is it important?

What's overlearning, and when is it justified”

How can human factors engmeering belp managers make sound decisions about traiming”?

What progressive decisions can managers make about treining?
Decisions that hold training wvestment costs in justifiable bounds while I 2lping 10 ensure that personne| are able
10 sattfy job sk requirements under all operating conditions.

In & performunce based approach 1o wraining
development, training needs are identified by defining
differences between the capabilities needed 1o satisty
job task requirements and the qualifications of selected
personnel. These needs are then formally staled as train-
ing objectives (addressing the behaviors i person has to
demonstrate, vader what conditions, and 1o what stand-
ards on the job)., Appropriate instructional ‘nformation
(e, facts, procedures, rules. and principles ) and oppor-
tunities 1o practice can then be provided 1o establish the
capabilities that demonstrate achievement of training
objectives,

In the early days, most utilities relied on subject mat-
ter expents 1o develop and deliver training, using ven-
dor-suf phied munuals and piping and instrumentation
diagrams to support lectures. Licensed operators had
somie opportunities (o practice skills using a generic
simulator, but other personnel typically had to develop
capabilities as apprentices on the job. More recent years
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have seen dramatic changes in the traming provided
throughout the industry, Today, for example:

« anaverage of five training specialists and twen-
ty-four instructors are at work in each plant;

+  expanded classroom and laboraton | facilities in-
clude sophisticated we ang materials and
devices, and

«  full scale “imulators of the actual control room
are in increasingly wider use.

Within this context of long-term commitment,
management needs o be advised about the cost-effec-
tiveness of polential training wonprovements. Utility
managers also want assurance that training will con-
tinually be responsive 1o changes in task requirements
and equipment interface rdesigns as well as 1o perfor-
mance deficiencies identified on the job,



TRAINING

What might prompt managers to consider improvements 1o training?

Some leading concems are, for example:

o anticipated changes (0 regulatary requirements and INFO accrediation standards,

¢ investigaions of safety related events;

+ needs 10 justify high investments in traiing. and

+  specific goals 0 mprove personoel safety.

Experts wittan the nuclear power community are
forecastine ‘uat within the next 7 years, major chauges
e npm‘m requirements will impact on raining

7 For example, operator qualification and
relresher truining will prohably continue (o increase in
time alloted and the realism reguired in skills practice.
Other personnel, & vanety of technician trades for ex-
ample, are also likely (o receive more training, with ob-
Jectives including more stringent performance-based
criteria. So leaders in the utility industry will want to be
prepared for, or get a few jumps abead of, anticipated
regulatory actions.

Despite recent high investments in training develop-
ment and delivery, deficiencies in trainiag are sull often
cited as a root cause of safety related events.’ Root
cause reponts, performance reviews, and critical inci-
dent 'nterviews provide information by which manage-
ment can identify needs to revise and expand the

training currently provided.

Manager s who re concerned aboul justifying the in-
vestments their utility makes in training recognize that
capital and operating dollars are two different things.
That is, a utility may be willing to make capital invest-
ments in training (e g, acquisition of a $6 million plant-
specific simulator), but be gmwlllmg 10 i ur the cost of
additional waining stafl. Cost/benefit analyses of
potential training improvements can provide the ration-
ales management needs (¢ g, human factons unpacts on
plant safety, productivity, and avanability) 1o authorize
training expenuitures thist offer best returns.

Specific goals 1o improve personnel safety may also
sUggest some mprovements 1o training. For example,
personnel can be train ) 10 recognize when they ‘re
beginning o suffer heat stress and how 10 take ad-
vantage of countermeasures. Similarly, a simple mock-
up can be used o provide technicians with enough
practice in performing repair actions (o reduce by as
much s a third their stay times in hazardous areas of
the plam,

What's the relation of human factors engineering to current training technology?
The relation of a forerunner that's belped 10 establish and claborate the step-by -step process of developing perfor-

mance-based training,

Task analytic methods, a comerstone of human fac-
tors engineering, also serve as the foundation for per-
formance-based training. In additon, the technigues
applied in defining and sequencing (raining ohjectives,
presenting instruction, and establishing traming device

requirements are denived from learning theory and
human factors research. Strong bonds between the two
disciplines enable each 1o complement the other w im-
portant ways.

Why is performance-based training superior to that developed solely by subject matter ex-

perts?

Because the performance-based approach is more objective, thorough, and reliable.

Subject matter expents are what the term implies: in-
dividuals who're recognized for their mastery of
specific areas of knowledge. Bul, their mastery may not
extend to mstructional technology . The opinions and in-

sights of subject matters experts are alway” o luable
in developing traming. But, in contrast, the perfor-
mance-based approach 1o training development relies
an the combined capabilities of a team composed of:



¢ nstruc bonal technologists,
¢ training specialise
+media spocialists,

personnel who're experienced i perforintng job
tusks: a8 well as

¢ subject matter experts (who understand (he
physics, chemistry, mechanics, of electronics
utiderlying plant operations).

What distinguishes knowludge from skills?
The ways in which they 're acquired.

Knowledge can be acquired when information is
provided by using instructional techmgues, including:

¢ lecture and supportive materials,
« workbooks, of

+imtersctive devices.

HUMAN CAPABILITIES

In addition 1o drawing on maore diverse capabilities,
the performance -based approach is a systematic and
well-established process, as shown in Exhuby 3.5 1
reduces the chances of, for example, overlooking im-
pontant training nceds or Lating to provide traming fea-
tures that facilitate achievemont of specific objectives,

Ll conteast, skills can only be acguired through prag
tee, using:

¢ actual equipment,
¢ mock-ups;
¢ part-ask trainers; of

¢ full scope simulators,

What instructional features account for major differences in development and delivery

costs?

Pacing, type and frequency of testing, branching levels, and use of dynamic representations.

Pacing, of the rate of presenting instruction, may be
geared 1o the slower leartiers in a group (group-paced)
or (o each individual's learming rate (self-paced). Test-

ing may occur before imstruction (pre-test) as well as
afterward (post-iest)
with each block of instruction of only at the end of a

with varying frequency (e.g.,
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Exhibit 3-5. Variously known as, for example, instructional system design, systems approach
to training (SAT), of training system deveiopment (TSD), the process of developing perfor-
mance based training includes these major steps.
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What s transter of learning, and why 18 (1 important

! )




TRAINING

As fidelity of sumulation lncreases, positive transfer
of learning genetally increases, along with investment
costs, as shown i Exhibit 3-8, As Gdeliy continues 10
increase, @ point is reacied where large gams i posi-

What's overlearning, and when is it justified?
Repeated exporures 1o situations alieady mastered, 10 help ensure retention of critical or infrequently used

knowledge and skills,

Overlearning can be provided during initial raining
as well as through refresher courses. 1's as simple a
concept as “practice makes perfect” but calls for some
sophistication to implement well, Forexample, one way
of sustaining persontiel attention during overle wrning

tive transfer can be expecied for small mcrements n
costs, This is followed by a point of diminishing returns,
where costly werease s in fidelity don 't result i propes
vonate G cases in positive transle

CACICISES 18 10 operate a traiming device at laster than
=oal time. The difference may not be that perceptible 10
personnel, but can reduce boredom, increase the perfor.
mance challenge, and improve proficiency in cerain
skills.

How can human factors engineering help managers make sound decisions about train-

ing?

By better enabling management 1o evaluate training needs and by contributing (o the specification of talung

devices needed o support acquisition of requircd skills.

Human factors applications in structuring work and
defning policies (o promote safe, productive perfor-
mance include defining job performance measures,
Properly constructed, these are far better measures of
tramning effectiveness than training tests of subjective
feedback from work supervisors, That is, tests given

during training measure wheiher personnel have
leamed whit was taught in & course, not whether
they 've learned 1o perform as their job tsks reguire.
And, without the use of authorized job performance
measures, supervisors are seldom able 10 provide the
detatled feedback about performance deficiencies that's

o

COST OF TRAINING DEWCE

v Cost
LOw

FIDELITY

Exhibit 3-8. Relations among fidelity of simulation, transter ol learning, and costs.
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HUMAN CAPABILITIES

needed for management o independently evaluate
training effectivencss and mnitiate revisions.

I addition, human factons applications can address

the psychelogical fidelity of tralning devices
Psychological fidelity refers 1o how realistic @ training
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Section 3.3
Decisions about Documents

This section addresses the following questions:

What progressive decisions can managers make about plant documents?

Whatt might prompt muanagers 1o consider improving documents that personnel use in performing tasks”?
What distinguishes job performance aids from other plant documents?

What aspects of a task make it a candidate for document support?

Why is it important 10 establish and use a controlled vocabulary in documents?

What's a readability index, and how is one properly used”?

What guidelines and conventions can be applied to help ensure document camprebension and ease of use?
Why should appropriate illustrations be used 10 support text?

Why is it unportant that documents be validated with users before being relied on in actual performance?
What innovations in document design hold promise for the nuclear utility indusiry?

How can human factors enginecring help managers make sound decisions about documents?

What progressive decisions can managers make about documents?
Decisions helping to ceeure that personnel not only have all the informauon they need, but can casily use it both
in training and when performing tasks on the job.

Limitations in human capabilities dictate that some use in the performance sttuation. Managers can also
demands (o remember and interpret information be make sure that each document fulfills intended purposes
reduced o belp ensure reliable performance. Where during task performance by requiring that it be validated

training leaves off, procedures and other documents can betore approving it for use,
£0 on o support performance if they relieve personnel
of burdens in recalling information, transforming data, Several reports quote this comment of 4 plant tech-
making decisions, and solving problems —— without im- nician with nuclear navy expenence: “Plant dncumcma
posing needless demands of their own design. are about 20 years behind the state of the ant."'* 1y
seems that be's got a point. The industry has taken some
Managers need to be advised about specific informa- steps 1o improve plant documents (as evidenced in
ton equirements that should be sausfied by docu- INPO gurdelmes and EPRI reports), byt management
ments. They also want 1o be assured that the information decisions account for lurge differences in the helpful-

15 presented and packsged wm ways that are compatible ness of documents both within and across plants.
with human capabilities and that contribute 10 ease of

What might prompt managers to consider improving documents that personnel use in per-
for iing tasks?

Rocoguized problems that are impheated ine

*  regulalory actions, +  breaches of quality control standards; and

+  salety.related events; ¢ high costs of cormective mamntenance.
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Regulatory imtiatives are one tpetus for iaproving
plant documents. For example, NRC has fequired
vucliear power utilines 10 revise event-based Emergen-
¢y Operating Procedures. Mandated symptoim-based
procedures prompt operators 1o initiate stabilizag pro
cedures without first having (o diagnose the causative
event, as shown in Exhibit 3.9 Appreciating the general
advantages of symptom-based procedures (apart from
exceptional cases where procedural steps must vary by
event), some managers have also seized the opportutiity
to improve procedures i more ways than required by
regulation,

Investigations of salety related events suggest some
of the ways procedures need to be improved, For ex-
ample, INPO's SEE-IN (Significant Event Evaluation
and Information Network) program recently identified
delicient procedures as the leading contributor to
biuman error 1o a sample of reponted events. In addition,
SEE-IN often idenufied falure 10 use procedures as
root cause of error. Other investigators, using the cri-
cal incident technigue, have also found procedures a
cmmhngr 10 maintenance errory, accidents, and near
mishaps,  These sources indicate that procedures are
aften inaccurate, out of date, confusing, and inucces-
sthle or cwkward 10 handle in performance situations.

Quality control inspections may similarly reveal -
stances where procedures aren’t being follow<d large-
ly because of document or facility design deficiencies,
Lane supervisors often find that operators and tech
nicians have reasons rather than mere excuses forreluc-
tance 1o use procedures. For example, having both
hands occupied and sotled im performing a task dis
courages continuing use of a paper document, as does
lack of adequate laydown space of highting. In addition,
personniel are often aware of instances where proce
dures are out of date or otherwise maccurate, and so are
reluctant 10 reiy on them,

EVENT- §YMP TOM-
BASED BASED
: m) P
VN P ToMS
SELECT REMEDY
PROCLDUAL I
MDA "'/*\
Mo, | [<arss
:I; .
m e REMED Y
ACTION [
S—
Tes
@& e
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Exhibit 3.9, Symptom-based procedures
prompt operators to take remedial action

Lookitg al the costs assoc tated with conrectve main.
tenance, a manager might well guestion whethet docu-
ments could be designed 1o guide more effective fault
diagnosis. U autility provides little of no document sup-
port Tor fault 1solation tasks, cquipment downtme 18
needlessly extended. In their attempts 1o locate the fault,
for example, techuicians sometimes “repair” com-
ponents that aren’t related 10 maltunction symptoms,
and sound components can become faulty as a result of
inappropriate repair attempts, So job performance aids
developed to reduce techmician guesswork can help
reduce lngh maintenance Costs.

What distinguishes job performance aids from other plant documents?

The raethods by which they 're developed, ncluding:

«  content and conditions of use defined through task analyss,

«  venfication of content by subject matter experts; and

+ validation of detailed design by represeitative users.

Traditionally, the term “job performance md” sug-
gested a lutle book with detailed wdonnation and il-
lustrations inlended te support perforance of certain

tasks of task steps. Bul the tenn has come 10 enconpass
not only procedures, bul instruction sheels,
troubleshooting guides, maimenance dependency



DOCUMENTS

charts, checklists, conversion tables, and even com-
puter-driven expert systems that imteractvely present
formation 10 help guide task performance.

Other plant documents (e g.. equipment manuals,
pipig and instrumentation diagrams ) contun i e -
formation than is directly relevant 10 specific tasks,
Often, a document that attempts multiple purposes set-
ves none well, For example, technicians complaim about
the inadequacy of equipment manuals that could have
been designed as job performance aids, but weren't.

Instead, equipment manufacturers may use a lan-
guage in manuals that's not easily understood by plam
technicians and include few illustrations designed to
support specific task actions, Some manuals address a
class of vanous component models and rely oncomples
conditional statements (o provide gudance for the
pecific model used in the plant. Manufactures may be
» Uling 10 do the work of developing effective job per-
formance aids, but charge more for them and must have
detailed specifications o ensure that ihe utility gets the
advantages it pays for,

What aspects of a task make it a candidate for document support?

1o addition (o task complexity and criticality, whether it

+ involves performing numerous steps in a prescnbed sequence, with at least moderate speed and high accuracy
and whete errors of OMISSION OF COMMIsSIOn are critical;

+  depends on more detailed information than a relatively inexpenenced person can reasonably be expecied to

remember,

+occurs infrequent)y.

+  involves personnel in job positions with high turnover,

* requires exceptional problem solving capabilities if a sound approach isn’t predefined; or

+  produces deficient perfarmance when existing documents are used.

Job performance aids may be useful for any task, but
are particularly needed of the required standards of per-
formance are likely 1o exceed post-training capabilities
of personnel, Where the consequences of human error

are severe, a procedure, instruction sheet, o checklist
can help ensure reliable performance of even relatively
simple, frequently performed tasks,

Why is it important to establish and use a controlled vocabulary in documents?
Because consistency lessens the likelihood that personne! will misinterpret the information.

A controlled vocabulary is a set of authonzed terms
that designers and personnel alike agree to use
preference to any synonyms. Plant documents should
consistently employ the sume authorized terms used in
traming and in labeling plant facilities and equipment.
But documents have to refer 1o additional task-reguired
actons, which requires a large controlled set of verbs
and adverbs,

Consider a sunple requirement 0 adjust a control. A
person might be advised to push, activate, hit, tngger,
depress, swilch on, start the control, or half a dozen
other possibilities — all supposedly meaning the same
thing. When you consider all the actions personnel take,
a free-wheeling vocabulary makes the likelihood of in-
lerpretation errors needlessly great,

What's a readability index, and how Is it properly used?
A means of quickly identifying if the text of a document s likely 10 exceed the reading capabilities of personnel.
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Readabulity indexes relate quantiative featwes of
text — like number of syllables per word and number
of words per sentence — (o the domonstrated verbal
capabiliies of most people at differing  educational
levels. For uselulness in assessing plant documents, a
readability index has 10 be adjusted to accommodate
{amutiar words of pheases referring (o equipment sys-
tems and operatons. That is, jargon has 10 be ap-
propriately weighted 1o reduce its impact Otherwase,
the score suggests a greater problem than actually ex-
ists (with unusual acronyms and polysyHabic terms like
Feedwatet/Condensate Differential Transmitter inflat-
ing the score ).

Tests administered in schools nationwide establish
the anchor pouds for most readability formulas. A
teadability score of 13,0, for example wdicates text
that's difficult for most people who heve no more than
a high school education.

On the other hand, 8 roadability score of 12.0, of less,
offers bitle assuwrance thal a person who's completed
hitgh school will be able (o comprehend the matenal (o
that the material can be comprehended by anyone ), Far
mare enters info the question than the elements reflected
in readability score. Expecting comprehension (o .
prove by editing to o readability formula has been
likened (o lighting a mah under a thermometer 10
wirm up a room (Le., the index value may improve, but
the room won't get much warmen). ! Better ways of im-
proving the likelibiood that personnel will be able 10
quickly and sccurately interpret information in docu-
ments ure 1!

¢ use woll-established gridelines and conven-

tons,

v support text with appropriate ilustrations. and

+  validate the design under conditions of use with

TEPresentative users,

What guidelines and conventions can be applied to improve document comprehension

and ease of use”?

Many commonly found in references on effective presentation of techual information.

Whete linguists, cognitive psychologists, or human
factors professionals have researched aliernative con-
ventions, findings generally suppont the accumulated
practical guidance represented in style manuals and
other references used by technical writers, editors, il
lustrators, and other document design specialists ' The
importance of a controlled vocabulary has been sug-
gested carlier, as have advantages of short, familiar
words and fairly short sentences. Style manuals also
typically provide guidance on, for example:

¢ eluminating vague of needless words;

+ using simple sentences of normal subject-verb-

object patiern,

«  making equivalent items paralicl in construction;

and

* avoiding complex ‘cundimuul statements and

multiple negatives.”

More comprehensive relerences also address ques-
tons of lypnguphy& layout, graphic or tabular design,
and overall format.” Guidelnes about type fonts and
contrast with shaded backgrounds indicate whether the

user will be able to clearly see the information,
Guidelines about the use of headings, space, lines of
demarcation, and color or shading suggest ways of
grouping information and directing user attention.
Guidelines about the appropriate use of photographs,
line drawings, tables, and graphs suggest ways of
facilitating quick, accurate perception of information.
Ciuidelines on the means of page numbering, the in-
clusion of indexes, glossaries, and even thumbnail wbs
as well as oo packaging and binding alternatives are in-
tended (o promote ease of document use.

From a human factors standpoint, it's worth noting
that some conventions are 8o widespread, 5o well rep-
resenied across the diverse documents a person deals
with in a lifetime — from grade school 1exts 10 popular
magazines -— that they fornt the basis for common ex.
pectations. Expectabions about documents intluence
whether personnel can locate information quickly and
pereeive it correctly as well as whether they accept and
value the help a document can provide,

Why should appropriate graphics be used to support text?

Because they help people understand the accompanying text more readily

don’t trequently perform the document supponted task.
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Although r¢coch on graphics 15 far from con-
Clusive, it provides o basis for practical guidance on the
effective use of photographs, line drawings, tables,
charts, graphs, and other diagrans in plant docunents.
For example, photographs are mare belplul than hine
drawings for locating specific objocts within u busy
contest or for descriminating realistic diferences (e.g
the qualitative detetioration that a techmician has 1o
detect in inspecting a component), Conversely, line
drawings are superior for calling atiention (o detail of
they represent the human's perspective wnen mieract:
ng with equipruent. Line drawings with an exploded of
cutaway view are useful for showing asscoblages of
components that technicians can’t otherwise readily
view,

For presnting dati, graphs are easior (o mterpeet
than tables, with bar chatts being generally prefencd
over e praphs. Logie wee diagrams have been found
useful tor presenting complex conditional instructions.

In addition (0 choices about the uselulbess of dil-
ferent kinds of graphics. effective documetts represent
good Cholces about aliernative winys of iegrating 1ext
wnd graphics. For example, illustration callouts and pro-
cedural e xtcan be fully integrated o put in cotrespond.
ing top-botiom of side-by -side arrangements, as shown
i Exbibat 300, o tlusteations may be i haded us fol
dout pages ot the end of & document The guestion of
which format works best has 10 be sddressed by users
as well as document designers

Why is it important that documents be validated with users before they are relied on in ac-

tual performance situations?

Because other ways of determining if users can perform tasks by using a document are not very reliable.

The tryout situation can ivolve actual equipment,
mock ups, or simulators, but has 1o represent environ-
mental conditions that affect document use and include
w tmix of representative users. The mix might include,
for example, personnel who!

« are unfamiliar with the task or least gualitied (o
perform it

«  have gither completed training recently ot some
fume before, and

+ have lowest reading shills.

Measares obtnmed in the try-out include whether
Lashs steps are performed in the prescribed way, pertor
mance tmes, and soccess of sk completion as well as
opmions about document usefulness. These measures
help identify specific document or Tacility design
deficiencies. For example, & document deficiency
might be thit a special note o warting stalement i
given oo lute in the sequence ol inlormation 1o have
precaotonary effect. For another example, o informa
tion can'l be seen under worst case viewing conditions,
changes may have 1o be made i either the document,
the facility design, or both,

What innovations in document design hold promise for the nuclear utility industry?
Machine readable documents that interactively respond 10 user commands.

Apart from paper, documents may exist on a
machine-readable tape, disc, of cher Indormation that
used 10 be presented only on papet can now be ad
vantageously presented on a CRT screen, plasma dis
play, or other device used for presenting
machine-readable information,

Advamapes of machine-readable documents in-
clude:
+  capability to tailor information to user inguines,

¢ automatic provision of cross referenced wfor-
mation;

o ansant reduction or expansion in anformation
detml;

cuse of update; and

¢ new opportunitics for performance tracking
(with anteractions recorded 10 help venfy that
procedura steps are being fottowed)

One disadvantage of presenting idormation on 4
CRYT sereen, however, is that 1 takes about twice as long
1o read the information, conmpared (o reading speed with
poiated paper copy
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Section 4.1
Decisions about Fucilities

This section addresses the following questions:

What progressive decisions can managers make about plant facilities”

What might prompt managers 1o consider changing facility designs?

What impact can facility signs and placards have on personnel performance?

Why does information about the body dimensions of personnel enter into decisions about facility designs”
What technigues are usefe! in assessing facility layouts?

How can the decision 10 acquire an advanced control comples affect human factors in facility design”

How are lighting requirements likety 1o change when a mix of hardwired instruments and advanced displays are
used in the same area’

What other environmental conditions are hutwan factors conceras?
How can human factors engineering help managers make sound decisions about facilities”

What progressive decisions can managers make about plant facilities?

Decisions helping to ensure that personnel:

+ can locale, travel (o, reach, and move objects,
+  can see or hear information; and

«  are protected from environmental stresses and hazards.

Plant site, building, and workspace designs deter-
mine how efficiently personnel can locate and use plant
dovuments, equipment, and 1ools. Facility designs also
determine the range of environmental conditions (¢,
light, noise, climate ) that affect personnel performance.
Some equipment related conditions (e.g., radiation and
extremne noise or temperatures) impose additonal re-
quirements on facility designs (e.g., accommodating
use of protective gear and other support equipment).

Managers may have 1o live with some design con-
straints (that were set by decisions made years ago. For
example, few things are set more in concrete than con-
tatment building structures. Bul operating experience,
human factors analyses, and technological advances
provide a basis for utilities 10 make betier use of avail-
able space and improve the environmental conditions
that affect how personnel perform.

What might prompt managers to reconsider facility designs?
Recognized deficiencies and design change opportunities represented i, for example:

*  regulatory actions;

« technological advances; and

«  specific health and safety goals for personnel.
Regulatory actions sometimes call for changes in

facility designs. Accommodating a mandutod Emergen-
cy Operating Facility, a Technical Support Center, and

additional control room displays, for example, has re-
quired many adjustments in facility designs. Whether
these changes constituie unprovement depends on ex-
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isting constrints as well as how systematically (h
utilities identidy and address the human faciors con
sderations wvolved.,

Mantagers awaroness of technalogical advances that
offer potenttal solutions 1o some design dienmas may
fead to simultancous changes in facility and equipment
interfaces. Forexample, the size of the control room and
number of operators have stayed the sume in the last 10
years, but the number of discrete displays and controls
has almost tripled, crowding pancls and contributing 10
access problems in operations aud mamienance tasks.

Advate i computer techoology now offer oppor-
uities for utihitios (o not only conserve limited space,
butrelieve operators of burdens in remembering and -
tegrating information from & number of discrete insiru-
monts.

Personne! imjury and health statistcs may also reveal
where facility designs need 10 be improved. For ex.
ample, reports about tadiation exposutes, heal stress,

and incidents involving toxic chemicals are sources of

management iwformation about covironmental condi-
tions that deserve spoecial attention.

What impact can facility signs and placards have on personnel performance?
Reducing confusion and delays as weil as mjunes and equipment daaage.

People eventually learn their way around even the
most inadequately labeled facilities. Bul orientation
problems are better avoided by design than overcome
throagh tume<onsutming trial and eror leaming. Be-
sides new personnel and visnors, contractorn peesonnel
alzo need 10 locate various buildings and work arcas
quickly and casily . Otherwise, delays contribuie 1o low
productivity and high costs.

Human factors apphcations include ensunng that
rouds, parking areas, sidewalks, buildings, and work-
spaces are identified by signs that are casy for people to
see and associate with known sysiem and organization
al functions, Helpful facility signs convey meanings
that people already know o can easily learn and remem-
ber and are consistent with labeling of equipment, lines,
and valves

Warning and caution placards help personnel avoid
injuring themselves or dumaging equipment through
improper use and also help protect the utility from law.
suits. Two human factors concerns are whether porson-
nel can quickly and correctly interpret & message, like
the one shown i Exhibitd-2, and whether u placard has
adequate attention getting value,

PLEASE
WALK UP ONE FLOOR
WALK DOWN TWO FLOORS
FOR IMPROVED ELEVATOR SERVICE

Fxhibit 4-2. Human factors engineering asks
“Will personnel be able to interpret the mes-
sage quickly and correctly?” — the intended
inierpretation is provided in the references at
the end of this section.

In addition to considering size, color, and placement
alternatives, another way of increasing the attention get-
ting value of critical information is to regularly replace
existing placards with new ones of shightly different
design. That is, people pay more attention 10 anything
new in their environment than to things that have be-
come familuar,

Why does data about the body dimensions of personnel enter into decisions about facility

design?

Because facility designs have 1o accommodate and often compensate for individual differences within a plant’s

waorktorce.

Individuals with different body dunensiofns and mus-
cular capabilities have to view things from a relatively
fixed position, move about, lift objects and mantpulste
or ransport them, Ideally, all plant personnel can easi-
ly see, reach, and interact with eguipment, 1ools, axl

61

documents when performing tasks, But, reslistically,
accommodating 100% of any large group means incur-
ring costs oat of proportion 1o the benelits derived. That
is, 11 may cost more (o accommodate the few people al
the extremes of a particular physical measure than
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does o satisfy the needs of 90% of the workforce. (For
example, 10 provide a chair that seats everyone comfor
tably at an eye level appropriate to viewing demands,
the adjustment for seat height might have o be more
thaw 10 inches. But  chair with only a 4 inch sdjustment
would generally do for 90% of the people.)

Given the tradeatts involved in designing for people
who're at the extremes, human factors applications

typically follow what's known as the “fifth 1o ninety-
fifth porcentile rule.” This means that an acceplable
design is one that well accommodates 90% of person-
nel (both males and femaies). People who're below the
filth percentile or above the ety -fifth percentile on
relevant measurements, many of which are shown in
Exhibit 4.3 have to “try harder” or, for critical task de-
pendent capabilities, be screened out.

10

Welght

Stature

Shoulder height

Eibow height

Fingertip height

Hip breadth

Thumb~tip reach
Thumb~tip reoch extended
Shouider brecdth
Foragrm—to-forearm breadth
Hip breodthe

bt ad o b o

- -

e e

12, Heights

18 Eye heighte

14, oulder heighte

1€, Shoulder—elbow langth
16, Elbow rest heighte

Elbow grip M’eh
Bottock-knee lengthe
19.  Buttock-popiiteal lengtne
Popiitesl heighte

21, Knee heights

+Seoted meosurements

Exhibit 4-3. Some of the body dimension variab?s that enter into decisions
about facility designs.

What techniques are L seful in assessing facility layouts?
In a fition 1o applying checklists of human faclors crileria to drawings or scale models, dingraming traffic pat-

terns or lnks between key pounts in & faciliy.

I a link diagram, lines representing the fuovements
of personnel during a tusk are superimposed on o 'ayout
drawing, as shown in Exhibit o4, The lines are ofien

coded (e, by color, width, or number o indicate the
paths of different peaple, as well as the frequency, se-
quence, and importance of thotr movements.
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N

Circles identify
different parsonnel

Numbers Identify
oction sequences

Exhibit 4-4. A sample link diagram for a control room, showing movements of three operators
responding 1o a steam generator tube rupture.

Lank diagrams provide a means of analyzing the ¢f-
ficiency a layout affords and determining ways of im-
proving it. Main advantages of lnk diagrams are that
they help managers as well as designers and the task

performers themselves (o visualize layout problems that
could contribute to delays in performance or discourage
personnel from perorming nconvenient steps in a task,

Huw can the decision 1o acquire an advanced control complex atlect human factors in

facility design?
Concerns include:

¢ Unpact on task ESSIEIDEnts AMong operaton,

«  placement within the existing configuration, and

+  compatibility with cther censole profiles.

Advanced control complexes are being developed
and marketed by various vendors, They typically offer
not only genefic process control programs and formats
for computer-ntegrated displays but consoles designed
10 accommodate a number of display screens. Before
anyone can begin (o determine the workspace design
tmplications, consideration should be given 10 how
responsibilities are divided among operators in the con
trol room.,

Conventonal consoles are typically configured i a
modilied cireular, U, wing, or L shape, as shown in Ex.
hibit 4-5. Each configuration offers advantages and dis-
advantages for accommodating an advanced control
complex. Human factors recommendations have o
reflect how the utifity allocates task responsibilinies
among operators. 1 one operator performs monitonng
tasks while other operators are responsible for control
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tlervention, then smbient nosse and distances involved
10 utiided YOICE COMMHICBLIONS Are special converms.
1, on the other hand, both kinds of tasks are allocated
by system to different operators, then unimped-d visual
access and case of physical movement are of greawer
concern, In either case, lighting regquirements are like-
Iy to change somewhal.

Being aware of what the markel has 1 offer i the
wiy of advanced control compleses shouldn’t keep a
redesign team from specifying human factors roquire-
ments. Most vendors are able 10 be responsive 1o uni-
gue needs — whether they wmvolve reducing console
height 10 allow a see-over provision of raising the
bend hboard (o accommodate sit-stand rather than fully
seated operations, Utility managets need (o be com-
prehensively apprised of human factors implications
helore agreeing 10 acquire an advianc ed control complex
at & set price. Tustom changes increase acquisition
costs, but as the saying goes, “an ounce of prevention
15 worth a pound of retrofit”

s WING - SHAPRE
& r -
ﬁ \ ‘/; L= SHARE
W) [ '!
[ U's;\". i
|
\\,\_?_ _///' ")
CONGENTRIC OUTSDE INSIDE
FLANKING FLANKING
( [' [] f:\{) SIS
\\\ % U k::_:‘))

Exhibit 4-5. Conventional consoles are typi-
cally configured in moditied circular, U, wing,
or L shapes. Accommodating an advanced
control complex within such configurations de-
pends on how task responsibilities are as-
signed.

How are lighting requirements likely to change when a mix of hardwired instruments and

advanced displays are used in the same area?

By becoming more complex, as lighting has 1o be tailored 1o competing demands for different levels

Increased use of computer generated displays will
pose achallenge in terms of conflicting lighting require-
ments. The relatively high level of overhead lighting re-
quired 10 see detail on meters and chart-recorders, for
example, reduces the contrast typically needed when
viewing sdvanced displays. Glare and background im-
ages reflectsd on the display screen can be hightly dis-
tracting as well as fatguing.

Fortunately, recent advances in lighting system tech-
nology enable variable adjustment of both the intensity
and chromatic composition of ambient lumination and
inelude diffusion technigues that can be applicd 1o help
climinate glare. Use of hoods, filters, and screen (ilting
provisions are other ways 10 overcome adverse lighting
effects.

What other environmental conditions are human tfactors concerns?

Besides highting, main concerns are:
*noise;
+  Climate, and

¢« various conditions that could endanger personnel bealth and safety.

Human factors recommendations in Hghting design
take into consideration viewing distances and angles,
the self-illumination characteristics of equipment inter-
faces, the information detail that people have 10 dis-
criminate. and the surface properties af walls, floors,
ceihings, and furnishings.

A human factors environmental survey 1s also likely
o consider hearing discances, the placement of load

speakers, nowse Characteristics of equipment that could
produce disturbing sound interference effects, along
witi the acousucal properties of the workspace. Areas
of the plant whete exceptionally high noise could rep-
resent a hazard (o the enduring hearing capabilities ol
persoanel deserve special attention,

Climanc ineasures sffect potonly personne | comfon
but performiance rehiability, Human factors apphications
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' Decisions about System Equipment Interfaces

What progressive decisions can managers make aboul system equipment interfaces?

y What minht prompt managers 10 change equibm unertace o
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SYSTEM EQUIPMENT

Why are aisplay control relationshirs important human factors concerns”?
Because display/control relationships that are consistent with the expectations and needs of personnel reduce the

likelihood of error in control adjusttaents.

People have expectations about: spaual relationships
of mnstruments; their direction of movement, and the

amount of movement needed when manipulating con-
trols 1o effect a change i displayed values,

When interface designs aren't compatible with com-
mon expectations, like those shown in Exhibit 4.9, per-
sonnel find their tasks more difficult and are more likely
10 make mistakes.

EXFECTED DIRECTION OF MOVEMENT RELATIONSHIPS

DIRECTION OF
CONTROL MOVEMENT

SYSTEM EQUIPMENT
COMPONENT RESPONSE

DIRECTION OF
DISPLAY MOVEMENT

Up, right, away from
operator, clockwise

Down, left, toword
operctor, counter—

Actuote/start,
increase in quontity,
opern, extend

Deoctuote /stop,
decrease In quontity,

Up, right, clockwise

Down, left, counter~
clockwlise

clockwise

close, retract

Exhibit 4-9. Examples of common expectations about display/control reiationships.

What techniques are useful in assessing panel designs?
Besides comparing design features against checklists of human faciors criteria, diagrammung personnel inlerac -

tons with instruments across pancls or within a single panel.

Operational sequences of behaviors during a task can
he diagrammed, as shown in Exhibit 4-10, 10 depict the
nature of teractions among personnel in various foca-
tons aod with instruments on different consoles. The
distribution of instruments across panels can then be
analyzed for excessive cCOmmuUAICations ofr movement
demands, and Changes can be made o increase perfor -
mance rehiability and efficiency. Changes may be in the
assignment of responsibiiities w individuals or in the
locanon of selecied mstruments,

Specitic wteractions with displays and controls on a
suigle panel cun also be duagrammed, (o wentify eye-
hand movement patterns during task performance. The
arrangement of instruments on a panel can then be
analyzed (o determine whether the sequence of task be-
haviors can be better reflected within the overall layout
approach (ve, grouping by system functions, mimic
flow ). Also, co-location of related displays and controls
in the same viewing field can be assessed.

What lebeling and coding techniques can be applied 1o enhance equipment interface

designs?

S0 called “paint, label, and tape” technigues that are relatively ingspensive but can dramatically reduce the per-

ceplual demands on personnel,

The expense of rearranging instruments on panels
50t always warranted by the performance difficulties
associated with human factors discrepancies. Some dif-
ficulties can be eased by design enhancements that
lacilitate accurate percoption of display/control rela-

tions a well as idenufication of each individual mstru-
ment.”

“Pawnting” or color coding the panel surface 1s an ef-
fective wity (o indicate a relation between displays and

= 3
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What are computer ge. -«led displays, and how can they improve personnel perfor
mance?
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Decisions about Support Equipment
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What progressive decisions can managers make about support equipment®
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What human factors information plays a prominent role in effective communications?

Information ahs hearing and speaking | " }
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the changes can then be assessed o hight of their impact
on performance effectiveness.

When a utility is planning to procure & major piece
of support equipment, such as a crane or hoist,
specifications reflecting buman factors criteria could be
included in the procurement package. While vendors
may charge a little more for devices that satisfy human
factors critenia, the additional cost could pay dividends
by avoiding problems with the device during plant
operations, For example, the results of a wraffic pattorn
diagram could stablish macimum dimensions for a
material handling device that has to be moved to various
locations in the plant. Failure 1o consider such dimen-
sions could either restrict the locations that the device

References

could be moved 10 of require sigmifican: “hanges 1o misle
or overhead structures.

Human factors applications can ensure that condi-
nons of use are considered along with other criteria
when hand tools, test equipment, furniture, and siorage
containers are selected. For example, hand tools that
will be operated with one hand while the other hand is
needed 10 provide support should not require two hand
operations, Or devices that have 1o be operated in loca-
tous removed from outlets will have builtan power
supplies. Or storage containers will not become
obstructions, blocking physical or visual access (o other

equipmeont.
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Section 5.1
Decisions about Program Planning

What progressive decisions can managers maxe about human factors efforts?

y

Are there good procedural precedents for plannin actors program
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PROGRAM PLANNING

Effective teamwork involving human faclors engin-
eering is best accomplished within the context of mul-
tidisciplinary redesign teams. Other disciplines needed
on redesign teams are those with the perspectives re-
quired to help achieve a balanced approach to solving
probleins. Besides the operators and technicians who
perform equipment related tasks, the list typically in-
cludes a lead supervisor, design engineers, computer
programumers, safety engincers, quality assurance in-
spectors, health/physics specialists, personnel ad-

ministrators, training specialists, and document design
specialists.

Most professionals employed by a utiity find their
expertise dovetails with concepts and principles repre-
sented n the buman factors knowledge base. Despite
differences in focas, they're likely 1o consider human
{actors apphications consistent with their objectives and
working methads and to welcome the support an active
human factors program lends to their efforis.

What scope of human factors program is appropriate?
That depends on both near- and far-term plant performance goals.

The scope and objectives of the human factors pro
gram should be stated in terms of plant goals. Staw
ments like “a S0% reduction of techniciau errors
surveillance tesung” are better than statements like
“redesign of maintenance procedures.” That is, the lat-
ter assumes that even if a problem has muluple facets.
only one partias solution shonld be attempted,

Since persounel performance is shaped by unterre-
lated factors, effectively making even one change often
means making corresponding changes 1o other aspects
of the performance situation, as shown in Exhibit 5-3,
Lack of an integrated approach to human factors im-
provements makes it hard for management to evaluate
results and causes a disproportionate reduction in the
benefits realized from investments made.

PLANT PERFORMANCE

. S m-__I___j
[ OPERABILITY f’ MAINTAINABILITY

Exhibit 5-3. Relationships among different as-
pects of human factors concern,

From what organizational position is a human faciors program best conducted?

From a position that permits:

+  all factors potentially affecting performance to be looked at without censor,

+ contact with all levels of station or plant management;

+  the coordinaton needed to generate and foster acceptance of human factors recotmumendations, and

«  freedom to aggressively promote improvements

Respounsibilities Yor managing buman tactors efforts
are best located o a staff position that provides for casy
acvess 0 managers of operalions, mantenance, on-

gineering, personeel administration, and training, as
shown in kxhibit 5-4.
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PROGRAM PLANNING

tons require “expenditure today for the benefits of
tmorrow.”

Some negotiation is usually mvolved in exchanges
between engineering and human factors professionals,
The human factors engineer has (o be a user advocate,
challenging design solutions while helping 10 bring
balance to the design perspective. Some engineers who
have been invalved in producing design solutions resent
have their designs challenged. But, designs hamunered
out through an interprofessionally challenged team may
come closer 1 excellence than those offered by com-

plasant peers because, as the sayng goes, “there is hit-
tle progress where there is no friction.” When oo much
heatis produced by friction caused by different perspec-
tives, it 15 best dissipated by the lead manager who is
ulumaiely respousible for the success of the redesign
elfort in question,

Operators and technicians are more likely 1o greet
evidence of human factors engineerning with apprecia-
ton. They are often gratified that management is doing
something o eliminate difficult or annoying .spects of
their jobs,

Where can managers gel help in developing a human factors program plan?
From human factors professionals with broad experience in system developments as well as familiarity with in-
novative solutions applied o the nuclear power industry.

If your utility already employs full-time human fac-
tors engineers, they can help develop a plan, schedule,
and budget that accounts for all resources needed 1o im-
plement programmatic human factors efforts. They can
help determine whether existing personnel can provide
the time and expertise needed or what kind of addition-
al professional help is called for, You may have to

References

recruit speciadsts or contract with a consulting firm to
acquire certain human factors products and services,
Or, il you don't have human factors engineers already
on board at your utility, you may want to furst engage
consultants to help you develop a workable plan for a
human factors program.
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nuclear power piants. (WASH 1400; NUREG-75/014) Washington, D.C.: Author, 1975,
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Decisions about Human Factors Staffing

Wihat progressive gecisions can managers maxe about human factors staffing?
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