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ABSTRACT

More feorle than ever before are using coaputers. Scae
use cnly the home cosputer while others use large saianfrases
or both. All coapcters have an interface with which the
Ferson must interact to operate the systeam correctly. This
interface sust be designed so that the operator cam use the
systes vwithout wasting tise and aoney. This thesis
describes scme of the issues which should be considered wien
designing a man-sachire interface, and defines some tyfres of
operatcors and their eanvironsents. The issues and their
resoluticn are illustrated by a case study which descriles
the sap-macline interface of an actual United States Navy
systes in use today.
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I. IEIRORUCIION

sty P,

Ay

. Any reascnably cosplex systes rejuires a true interaction
ii tetveer msan or woaan and the other parts of the systes,
b wvhich say k¢ computers, other human beings or coabinations
of these. Sose vay aust be found for thinking akout the
functicas of computeérs and the functions of men and women .
within a framevork which smakes possible the relation of -
these tvo kinds of functions to coamaon goals. Bven ip a
systes as faailiar and as relatively simple as the automo-
kile, it is easy to see that the goal of transporting
Fassengers over roads requires not only the functions cf the
sachine itself but also a considerable variety of husan
functicns perforsed Ly the operator. The design of a systea
o which is to be successful in achieving some specific defined
. ' purpcse reguires thorcugh and continued consideration of the
interacting functions of bcth operators and machines, of
;? : vhich ccaputers are the most ccaplex exaample.

.n’ ’:' .l‘ .v‘ v - <y .

e Cosputers are tccls developed to fulfill sose buman
purpoge cr intended use. They may have distinctly civilian

social purpcses such as those of an airport-to-city trans- o

portation systea, a mail-sorting systes, a check-cashing ;{

systes or a sales transaction. But coamputers, of course, -

are nct only used in civilian businesses. They are also

. used fregquently im military applications. Their purfose may

5 be to protect against enemy military attack or to harass or
:E to destroy an enemy in wvartise. Most systems require an ;éf
y operator of some sort to input data or aonitor the eguip- L
sent. This operator is an importaant part of the systea o
[Ref. 1]. N
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Theré are many different types of operators. Some€ are
well trained vhile cthers are not. There are intelligent
and unintelligent cferators and prograsaing-oriented and
non-grogramsing-orieated. Many operators are in lcve with
computers while others are terrified of thea. While a
systes is being designed the type of operator must ke kncwn
and tbhe jcr he or she is expected to accomplish aust be
fully and clearly exgressed. These operators aay e dedi-
cated assistants to Bmanagesent, slaphappy sales clerks,
trained specialists in an information room or ailitary
screen-vatchers im a vindowless building watching the
affairs of the world [Ref. 2].

Kncwing the type cf operator and vhat these oferators
aust acccaplish in systems, and expressiﬂg these accceplish-
_ments as functions makes it [ossible to accurately describe
the o;eratér'é regquired capabilities; These accounts in
turn fersit comnclusicns to be made concerning the various
techniques needed tc develor these human capabilities,
: whether tiley be matters of selecting operators, training
2 theam ¢r providing thea with adequate enviromaents for their
- work. These techniques rest upon decisions that ccocern
husan factors, husap capabilities and the relationship
Letveen the human being and the computer.

In order to fulfill a purpose, a system must meet certain N
standards often expressed (particularly in military systeas) ;iﬁ
as criteria of operational effectiveness. Systea develcpers Ty
have leen knowvn to take the point of view that if cnly the .
bardvare can be made to run, oferators with the prcper char-
acteristics will be found and *fitted into' the systea.
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on the cxtent of humar adayptability. This restricted view
cf systeas and systes development leads to failures, break-
dovns, costly programs of retrofitting and even to total
abandcnment. No system is ccmplete until it can be shcwn to
operate within a total setting that includes the operators;
no systex can truly be said to be successful until its cper-
ational effectiveness is demonstrated by the operator. 1he
Lest systes development is that which includes consideration
of system operation (rather than merely hardvare oper-
ability) froa the very beginning of the system design.
Equipment design vhich consciously takes advantage cf husan
capakilities and constraing itself within husan limitations
amplifies and increases system output. If it dces aot,
systes perfcrmance is reduced and the purpose for which the
= equirsent wvas designed is endangered. This consideraticn is
5 ' even more significant today thanm in the past because the

L;: bighly ccsplex systesms that wve develop are pushing busan jﬁ
. functions szore and more to the limits of efficient -
) perfcraance. TE
X How cap one ensure that the computer and the computer Gj

cperations are actually designed for human use? Behavioral
data, principles, and recoamendations - in short, the husman
é{' factors discipline - aust be translated into seaningful
: design practices. Ccocepts like ease of operation or error-
free performance atst be interpretable in hardware and
systes teras [Ref. 1]).

The tera human factors has several aeanings which can
lead tc confusion unless these different meanings are care-
fully differentiated. There are four basic meanings tc the
ters husan factorxs.

Y ;G

NG
Santas

Pirst, human factors are elements such as egquifpsment,
envircnment, and tasks, which influence the efficiency wvith




wvhich fecrle can use equiplent to accomplish the functicns
of that equipaent.

Second, the tersm human factors can also refer to the
nuaber and type of personnel selected to run the system and
how they function.
maintenance techniciars in the system, their skill level,
the functions and tasks they must perfora in controlling
their egquipsent and hcv they perform their tasks.

This includes number of operatcrs and

A third iasplication of the tera human factors is its
reference to the mapner in which personnel perforz when
using the equipsent and the effect of that performance on
cther systes elements or on over-all system goals.

A fourth vay in wbich the term human factors can Le used
is tc refer to the [fsychological effect. of the over-all
systes uion its perscmnel elements. The system of which the
operator is a part wmay influence his performance, bhis
bealth, and his attitudes toward nonwork related activities.
Working at a jor wbich is intellectually and emotionally
demanding may create frustrations which affect the wcrker's
attitudes toward his family, friends and society in genmeral
[Ref. 3].

There have been several attempts to describe the flace of
the operator within a systes. Man's functioning enters into
complex systeas at many points and in many particular ways.
Furthernscre, the display and amount of informaticam, the
contrcls to which the individual responds, and the mechan-
isas which provide tike transformations for these components
of the system are of consideratle variety. It would be a
mistake to think that because the operator typically ‘occu-
pies a space' between machine displays and controls, his
functioning can re related in a constant set of ways tc such
inputs and cutputs. The fact is, neither the input nor the

10




output Lty themselves uill tell us the nature of aman's func- b
tioning. There are different kinds of transformations which s
may ke performed (by the human nervous system) in turning o
inputs into outputs. To understand the variety cf these ﬁii
transforsations, ve aust first recognize that there are o
internal functional units ir san, some of which may be o

active cr inactive fcr any particular kind of functicning
vhich the systeam may require. The science of psychology amay
te considered as having the purpose of discovering and
defining the functicns of these internal units, as well as i
their relationships f{Ref. 1]. ,
This thesis descrites some important factors which should e
be given significant consideration when designing a nman- :'
machine interface. It seeas as though many systeas have P
Leen designed without consideration of the type of cperator RS
who will use the systen, the environment the operator will Eﬁa
have tc¢ work in and bow the system effects the [fecple who S
vork with it. E::
. There are many different tyres of operators. Chafpter two Ei{
discusses (five different categories of oferators and the :;
envircomental factors which should be considered when éﬁa
designing a man-sachine interface for a systea. Bcth the -
type ¢f operator and the envircmment in which he or she o
works directly effects the efficiency and performance of the o
systes invclved. The wrong oferator in an uncoamfortable or ;‘
avkward environmeant ferforas poorlye. o
Chapter three discusses the operator as a component of gﬁ
the systen. The ofperator maybe any single type or scse ;if
combipation of the tyfes discussed in chapter two, and this i,
typing affects many fpcrtions of the systeam. He or she must ‘f;
re a [part of the system from the design phase through the ff
develciing rlase. In summary, chapter two will address the ?ﬁ
L
11 o
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design of aportion of the systea, the man-machine interface,
wvhile chapter three addresses the total system's perforsance
apd hcv it depends cn how well the operator(s) and the
machine fit together.

Chapter four discusses the issues mentioned in chafters
two and three with respect to an actual systeam. This systeam
is used Lty the United States Navy today. The information
vas oktained through interviews with operators and support
rerscrnel who interact with the systea on a daily Ltasis.
The chapter describes some of the probleas the oferators
sust deal with and some solutions to these [frckleas.
Chapter five presents a brief suamary of the thesis.
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1XI. ZHE QREBEATOR AND BIS/HER ENVIRQNNENI

A. 1EER CPREEATOR

The designer of any system vwhich includes a man-machine
interface must have the operator clearly in mind. He must
know the ansvers to guestions such as: What is this partic-
ular cperator capable of?; How much training can te or she
Le given?; Will the cperator have a specialized background
such as a knowledge of [fprogramming or familiarity with
computers?; How cften will he or she use the terminal?; 1The
interface must be designed based on the specific class of
operators. '

Which type of operator? There are-several. Some of the
sajor classifications are:

1. ledicated or Casual Operator

A casual operator is a person who spends most of his
day doing something entirely different from using the
computer such as selling merchandise or managing a store.
This ferson is not highly trained in computer usage. He is
€asily confused by unclear terminal responses and easily
frustrated Lty lengthy response times. For the operator, the -
san~pachine interface must ke designed to appear as natural =
as possitle, or his bewildermeat will gquickly turm into R
annoyance, criticisa, or behavior that amounts to rejection iﬁ}
of the systen. :

Cn some systess the operator is a dedicated user. A

N
dedicated ofperatcr is a person who spends his whole working ]
day in frcnt of a terainal. This type of operator is ggi
typical of coaputer center eanvironmeats and silitary Ef

Y
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organizaticas. Mapy military watch-standers spend their
full eight hour shift in front of a terainal connected to a
real-time system. Tle¢ operator is usually specially trained
for the particular job, perbaps with a lengthy training
Erograa. In many other situations the ofperator's traininy
is lisited and on-tke-job training is the major training
€element. This particular type of operator will ha;e Elenty
of time to practice his interaction with the =machine, to
learn its lanjuage and to become accustomed to its idicsyn-
crasies. Also, as the dedicated operator becomes familiar
with the system the level of training can increase and be
more cosplex due tc his increasing understaanding of the
systes.

2. frograpming-oriented Qrerator.

In some systeas the operator usés a prograsming
language. It @may be one of the standard prograaasing
languages or a special set of program statements devised
gspecifically for tbke applicatioan. If the operator is
frogramring-oriented then an existing language can be
adapted for the san-sachine ipterface dialogue. This will
elimipate the need for a nev interface language. If the
operator is not frograsaing-oriented, however, a language or
dialcgue has to be developed so the operator can learn to
use the terminal and ferforas her job. This interface should
Le easgy to learnm at the teraminal, and enable the ofperatcr to
tuild fter expertise without causing the systea to crash.

A varning mctst be given to the designer of the
interface. If she is a programmer, she must be careful not
to associate her own skills with those of the propcsed oper-
ator. There is somsetimes an overvhelming tendency to do
this.
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3. Iptslligent Creratol

As alarming as it may sound, the intelligence cf the
operator Bsust be ccnsidered vhen designing the ipterface
Letveen a human and a computerized system. If the system is
to be orerated by the 'geperal public' then the designer
must develop an interface which can be understocd Ly a
person with little or no education, as weil as a person with
a large amcutnt of education. The interface must be easy to
work with and in a language the operator canm understand such
as English. If, however, the operator is alvays going to
have a coaguter backcround with experience in prograsaing
langvages then the interface does not bhave to be so simple.
If the oferator is nct familiar with the language which the
interface is written, his experieace and capabilities erakle
hia tc quickly learn the language. Interface structures can
Le designed that are suitable for all classes of operators.
The IC Lracket of the operator is important in deteraining
the interface. Overestinating the operators' capatilities
for lcgic, short-ter: amemory, or association is a sure wvay
to land the system in trouble.

LCifferences in IQ are measured on a relatively samall
scale. Difference in capability, however, can range cver a
lengthy scale. In cne day, for example, a highly competent
Frograsmer vwith interactive programming can accomglish a
hundred tises more than a f[erson without skill or aptitude.

In a language capable of handlinyg complex and subtle ofpera-
tions a fperson lover c¢n the scale will simply never learn to
use its more coaplex features. The designer must Le awvare
of these cafabilities cf the operators.

PPN WO SIS I Sy




b . Bigbly Trained Cperator

Bct all cperators can te yiven lengthy and detailed

training. Of course, good training is desirable in any
3 systes, Lut sometimes it is not possible. Not all oferators
N need a detailed training course. Some Bmay already have
experience in the are¢a and not need any more than ap intro-
ducticn session. Tkere are others, however, who have never
teen close to a computer and need extensive training. The
interface can be decsigned very differeatly if the operator
is tc have extensive training. In some cases the teraminal
itself has lLeen used to assist in the training. The cper-
ator can learn how to use it in a ‘computer-assisted
instruction® mode. If the user forgyets certain ofperations,
the ccaputer nmay remsind her or give her a lesson on the e
spot. In a real-time situation, bhowever, the time it takes ‘ <
to reteach the operator may be critical or wunavailable.:
Therefore, the formal training given to operators whc will

ke working in a time-sensitive job is extremely important.
2 S. Jctive apd Rassive Qperators T
; An active operator is omne who initiates coamfuter ;;;

operations such as making enguiries, entering data or initi- o
ating f[rrocessing. A passive operator is one who takes
acticn after it is dinitiated by the coamputer, as for
example, vhen the cosputer requests information or inforas a

special assistant that it has detected an error. Some cper- -—
. ators hbave roth passive and active functions. Some ofera- i'}
N tors xay te present cnly tc serve the machine and may have ]

ol

no active functions. These ofperators are often called slave N
operators. Some operators are present to intercept invalid,
unproccessable or gquestionable transactions that are relayed
f to them Lty the computer. These are called intercept ofpera-

R
.
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tors. These categories of operators aneed to be interlinked ?}
) into the most suitable man-machine coaplex. ——
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lh¢ designer cf a system aust knov not only the type
of operator but also the working conditions under which tbhis
specific operator vill be required to vork. Some operators,
such as silitary vatch-standers, vork under time pressure.
Many silitary ofperatcrs receive valuable ianformation which
must Le reported issediately to the proper authcrities.
This cperator sust Le able tc accoaplish his task within a
specified time frame without interference froa the ccafuter.
The man-sachine interface must be efficient and easy tc work
with. Apny complicated steps could cause gquite a bit of work
and a lcss of time.

Some operators have other people talking to thea or

haraseing them while they vork. This causes a distractioa
and ccaplicates the interface between the operator and the
computer. The interface aust be brief, sisple and

uncohtusing‘ if distractiois aie expected to cceur |

freguently.

In other cases the operator may work in the seclu-
sion c¢f bher own office away froam coantinuous interrugtions.
This interface may or may not be more coaplicated depending
again on the type of cperator. A high executive of a fira
would vant to check can the firs's progress without having to
take ccaplicated stegs. On the other hand, a Jdatabase
sanager in the fira would vant the capability to work with
the files in many different, possibly complicated, ways.
The interface betveen the oferator and the computer derends
largely on the type of operator and the work he or she is
expected tc accosplish [Ref. 2].
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B. TEE CPEEATOR'S ENVIROBAENT

When designing a system not only should the oferatcr be
kept ip mind but alsc the eanvironaent which the systes and
operator will have tc work in. Eanvironaental factors have a
direct Lkearing on operator performance. Performance suffers
if the epvironment dces not provide adeguate 1lighting; it
also suffers in an eavironameat containing high aabient noise
levels. The envircament may also cause physiolcgical
stresses which indirectly affect sensory or motor
perfcrmance. Temperature, atmospheric contamination and
inadeguate oxygen fall in this category. To some extent, a
single ervironmeantal condition may operate both directly and
indirectly upon human performance.

1. Jesreratuge

Ielberature' is a stress which does not interfere
directly with a senscry or Basctor mechanisa but influences
the general coafort and psychological functioning cf arn
individual. Human comsfort is certainly as important a
consideration in the design of a system as is measured buman
froficiercy. Today's computer systems need to resain ccol
in order to run frroperly. Therefore, many computer centers
and military installations are very cold. This provides an
uncoafortatle environsent for the operator to work in. In
many situvations the operators and their terainals could be
Flaced in a separate varmer rcoa where they could continue
sonitcring the systea in cosfort. In other cases the cper-
ator would rrefer tc work closer to the coaputers in crder
to wvatch the network and be right there when soaething gces
wrong. If this is the case proper clothing should be
authorized so tbhat the operator can perforsm his duties in
some ccafort.
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2. lighting

A fundamental objective of lighting practice is to
provide illumination upon a visual task so that it can be

seen gquickly, accurately and easily. Lighting a roona
correctly for a grouy of people to vork in is not as easy to
do as setting the temperature of the rcoa. Eyes are

extresely sensitive and vary a great deal fros one fperscn to
the next. Some peorle can work in a room with fluorescent
lights without difficulty vhile others develop severe head-
aches or burning sensgations in the eyes after a short tinse.
The same is true about terminal screens. Some operators can
vork in froant of a teraminal for hours without any disccafert
wvhile others can not work sore than an hour. The correct
lightirg in a rooa with coaputer tersminals is very impor-
tant. Most terminals bhave brightness knobs so each indi-
vidual oferator can control the screen's lighting while he.
or she is using it. Most terainals also have glare resis-
tant glass. THe lighting iz the room still has affects on
the oferator's eyes. If the room is too bright it is diffi-
cult on the eyes of the operator. The amaount of light in a
room and the locaticn of the fixtures with respect to the
tersinals is a very isportant consideration [Ref. &).

C. EBCUIEBENT

Since egquipament characteristics (e.g., arrangement of Y
contrcls and displays) function as user stimuli, it follows .
that certain arrangesents of these characteristics/stisuli
vill le more efficiently responded to by personnel tham will
cthers. Thus, if egquipment characteristics are matched to
the capalilities and limitations of men, the performance of
the latter should be smore efficieat.
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1be nusker of controls, displays, and internal ccafo-
nents which the operator sust work vith directly affects his
or her perfcrmance. The larger the nuamber of screens the
Iy operator must wvatch, the greater the likelihood of error.
An ofperator of a real-time systema should pot be reguired to
vatch apd vork vwith @more terainals than he or she can
bandle.
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The arrangement cf equipment can also increase the frob-

v
Jor

‘ ability c¢f error in cperator perforaance. The 1laycut of
= terminals with respect to cther system components and
lighting must be considered. If an operator is regquired to
contrcl more than one terminal at a time the location of the
teraipals is very imfpcrtant. The terminals must be set at
D the test possible argle so that the operator can see at a
' glance whbat is being displayed on each screen. The operator

sust alsc te able tc change a tape on a tape drive or fut
N paper in a printer sithout being too far from his c¢rx bher
i' position. If the tajpe drives or printers are in a separate
: rooa, the cperator can not keep an eye on what is hafpfpening
on the terminals.

Operator performance is also affected by the demands
iaposed Lty the equiprert. Scee systeas require only visual
checks while others reguire an in-depth knowledge of the
systes in order to cperate it correctly. Other systess
require interaction Letween the operator and the systea.
The perceptual reguirements, cognitive requirements, and "1
sotor reguirements directly affect the operator's job
performance. The response the operator amust make also
Froduces a change in bis or her performance. How accurate
the respcnse aust be, hov frequent and hov fast the resgonse
aust ke given all affect the performance of the oferator.
The greater the demand froms the equipaent the [focrer the
Ferfcrasance [Ref. 3].
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It is cheaper and easier to adapt equipment to husan
capakilities than it is to wmodify human capabilities to
equipmsent requirements. It is easier to select different
coaponents cr to arrange thea differently than it is to add
pore sensitive visual acuity to human, endow him or her with
sore thkan his or her native intelligence, or change his or
ber physical dimensicns to a more suitable size.

Wby not select reople mcre discriminatly for equipment
operating jcbs? or train them longer and w®more intensely?
Higher selection standards and more intense training are an
ideal sclution as lcng as one is designing only for a few
highly gqualified peorle such as astronauts or test pilots.
This sclution falls apart, however, as soon as larger
puabers cf feople are needed as eguipnent operators.

Morecver, the 'ccgplexity of our modern technological
devices dces not 1respect even the highly selected and
trained. Aircraft filots are both highly selected and
intensively trained, and yet many aircraft accidents result
froa human error. The goal is, therefore, to optimize the
design cf eguipment froa the standpoint of the ofperatcr so
that bis efficiency will be at its greatest.

It fcllows from all this that a primary influence,
altnough nct the orly one, on the way in which bhuaans
cperate and maintain aachines is the efficiency with which
computers are develored [Ref. S]. Even with today's tech-
nology ap operator is involved in one vay or another in
every systen. If thkey do not actually operate computers,
operators will continve to install, wmaintain, aand acnitor
the perfcrmance of ccaplex systeas. Operators as ve¢ll as
individual eqguipment components are part of the ‘'total
system.®' Since mechapical and electroaic coafonents are€ now
available vith very bigh speeds and capacities, the design
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. engineer's task of integrating operators and computers into
i smoothly functioning systeas has becoae more difficult. I1f
the lisitations and capabilities of humans are known and
understocd, and the furpose of the operator is well defined
for the engineer Jesigning the system then Letter man
sachine systeamas will le designed and built.

; -
. -1
.. "4
. _,'1
e K
. -

- -
.': . “ :':‘
A e
..C '.'-‘-Q
i: S
o
= 3
e T
b




I1I. QRERAIORS A5 CORRQMNENIS OF SYSIENS

Today's systeas are designed as 'total systeas' rather
than as individual ccafponents put together to form a systea.
Tais zethcd of design produces better systeas. Wher an
cperator is a componeént of the system, design engineers face
, a multitude of human factors considerations. No matter what
E: type of cperator, as discussed in the previous chapter, the
% designer must keep the operator in mind when designing a
EE Systens. Three of the major steps in designing any systen
o are tbke following:

a. develoring the system concept

t. assignxent of the systea's subtasks to comfo-
nent elements and .

c. deciding how to link the various systes coago-
nents together.

These are the sters where humamn factors consideratioans

have a special impact on the design of the man-machine
systess.

A. DEVELIOEING THE SISTEN CCNCEPT.

) The system must re clearly defined before any design

:f decisions can be made. This is a statement of the purpcse
of the system - that is, the job the system is supfposed to

perfors. The description must include such items as the

list of tasks to be accomplished and the speed and accuracy

requiresents for each subtask. The environment in which the .

v- systes will operate should be carefully described (e€.g., i
. lighting and temperature). This part of the definition
should also include bow many oferators will be needed for

cperating and maintaining the systea, training fprocedures,
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mainterance instructicns, and updating of the systes. In
cther words, the definition of the systea's purpose should
not ke specified in general teras. The definition anust
include all the specific things that may occur.

Mapn-sachine systess range widely in their complexity.
Some systems are cosposed of many men and wvomen and many
machines. Others ccnsist of a single operator and one
pachine. For example, a computer center coaposed of many
operators and aany teraminals is a man-machine systea. Any
cne of the terminals within the center is also a man-macaine
systen. This illustrates the fact that there are levels of
systess. Thus, defining and describing the system must be
done with care and precisior as the essential groundwork for
good systems design.

B. ASSIGHNBENT OF THE SYSTEM SUBTASKS TO COMPOMENT ELENENIS.

After tie mission of the system has been defined, the
designer has to make decisions about which of the systea's
subtasks should be dcne by various component elements. The
first chcice is usually "operator or machine?" Once tbhis
decision is gmade, the r[rrotlem becomes "which machine
€lement?" or "what tyre of operator?" Many things influence
the designer (e.g., cost and availability of coaponents).
It is important to recognize that the operator, as well as
the machine comfonents, aust be judged in terms of these
criteria. Por exasgle, operators may or may not need
training, or they may or may not be carefully chosen. In
military environmsents there nmay be many different tyfpes of
operators using the same systen.

In addition to the above considerations a very iamportant
criteriocr in the selection ¢f components is that of getting
the scst cut of each in terams of its capabilities. Each
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compcnent - operator or machine - should be used to do the :
task it can perform best. The component's limitatiocns aust -
not ke €xceeded.

Finally, not only do the characteristics of the coago- ﬁ?
nents dictate whether or not they should be used for certain
tasks Lut these same characteristics also prescribe the ways
in which cosponeats are linked to each other.

C. LEICIDING HOW TO I1IBK VABIOUS SYSTEM COMPONENTS TOGETHER

links in systeas are [oints of transfer of energy or
inforsation between ccmponents. As much attention should be
given to designing such linkages between operator and the .
machin€é as is given tc designing linkages between mechanical -
compcpnents. Traditicpally, the human component has keen the '
last to - be fitted into new systems with the ‘result Leing
less thap saximum system performance. The links between the
bumar and machine system comfonents maust be optimized.

D. MAN AS A SYSIEM CCHPORENT P

Many books exist which explain the characteristics of

Bechanical and electicnic systes components and this litera- -
ture frovides the basis of design decisions concerning these '
components. The humar operator is guite a different kind of
component. Althcugh there are many things about the hugpan
compcnent that just is not known, scientists have found scme )
characteristics of the human component which the designer .
should be aware. The following is a partial list of what ;i
is kncwn about the husman being as a systems component: 3%
1. capability for data sensing N
2. capatkility for data processing
3. cagakility for sotor activity
4., capatility for learning
5. physical and psychological needs -
25 "-:7
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6. cocrdinated actican
" 7. differences amcng individuals

It is important to be aware of how a human being fits
into a systen. Each of the above characteristics will be
discussed telow. A krief statement will be made akout the
nature c¢f the characteristic in nman. Then some systen
design implication of the particular characteristic will be
given.

1. cCarability fcr Data Sepsipg

Man gathers information through his senses. Human
senses tend to be inccnsistent. Such things as a ferson‘'s
general health, or fatique, affect his sensory ability.
Background conditions - noise from a printer, Oor a super-
visor giving directicns - influence and may adversely .affect
the senses. Man's atility to perform is affected if two or
more c¢f his sense chamnels are stimulated at the same tise.
In scae cases, however, sensory interaction may Loost
rerfcrmance as, for example, when one receives the saae
Bmessage simultaneously through visual and auditory means.

The human senses rarely operate by theamselves. Man
usually does more than simply serve as a receiver of infor-
mation; bhe acquires data - sounds, sights - and interprets
it as it arrives. Experience plays an iamportant role here.
As a terainal operator becomes more familiar with the
conputer systeam he tends to make fewer amistakes. The oper-
ator senses the facts which are presented to him and imfoses
interrretations on what he does semnse. His ability to
Ferceive the wvorld in terms of a context is a tremendcus
advantage because it enables bhim to get a great deal of
inforsaticn out of a sketchy amount of data.
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Man has several sensory ianput chanbnels. Overloading
any one oOr two sense modes should be avoided if pcssitle
wvhen designing a mapn-machine systea. Displays used to
rresent information to human system components shculd be
compatible with man's sensory abilities. Dial and fuanction ?}
key markings should ke readable under operating conditions. =
For examrle, if an oferator is expected to read a display in
conparative darkness, the markings should not blerd in with
the keys.

*ﬂ Fan has certain perceptual expectations which sbould C
' te rezeakered and utilized in display design. For example,
an indicator should rise and not fall to indicate a clismb. :
When a display behaves contrary to these expectatiosns, ~
€rrors in interpretation are likely.

2. Capability fcr Data pProcessing

In addition to his ability to act as a data sepscr,
man processes information: he thinks. This capability is
the mcst important single characteristic of man as a systea
component. Not much of man's data processing characteris- -
tics are knocwn because the area of human thought is fperhaps
the scst cciplicated and least well understood in science.
The very richness and variety of man's ability to handle and
utilize information sakes it almost impossible to charac- f;
terize ccepletely. Among the types of thinking operaticas -
Eeople perfora are: arithmetic calculations, gquantitative

. and gualitative estimations, comparative judgment, tramsla-
tion, coding, mesorization and recall, prediction and deci-
sion saking. These€ processes range in complexity f£fros a

et
. .
PO

child ccunting his fingers to a geaius conteamplating an o
unsclved problem of the universe. “3
{

A major characteristic of man as a data processor is
his flexibility. People do not reguire extensive or precise
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Freprogramsaing. Mer can deal with changing situaticns and

unforeseen froblems in the absence of a specific frograa. ) o
Unlike a computer, manm can constantly develop and modify bhis T
cwn programsing: he learns. The flexibility of thought ;ﬁ-
sakes imj;rovisation another uniguely bhuman characteristic. E-
There are many differeat solutions to complex probleamas. 1he he

] pumber of different ways an idea can be expressed in words
- is a case in point.

» R
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Judgment is another ability that man can exercise. '
‘ Frobakly this skill comes from man's long-term storage :
- (nemory) and bhis akility to recall certain facts at the '
) right time. Fev pecgle, if any, reaember everything they

L e e e e
_a"a’'sa’a’ .

’ﬁ see or hear but an amazingly large amount of material can be
recalled years after it has been acquired. In exercising

.
L |
~judgment an experienced operator makes decisions in Dpew
situations which resemble, but are not exactly the same as,
earlier experiences he has had. Computer operators are
faced with zany different errors during their shift, few of
which are exactly the same. Good operators draw cn their
experiences and are able to resolve these problems accu-
rately and guickly. Man can yrasp complex situations and
Bake decisicns about appropriate courses of action.

-

When designing a system, man's versatility as a data
processor should be taken full advantage of. While
computers can do in minutes what people take days cr years
to do, cosputers are relatively inflexible. Machines orly -
carry cut instructions of humans. And finally, cost and
space factors involved in most computers can be staggering.

To build a coaputer with any intelligence would ccst more :
money then omne can isagine plus take up a large amount of o
space. The investment would not be wvorth it when a man- :
machine system could be built to accomplish the same task
for less money and srace.
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Since his speed, accuracy, and caracity differs
videly with particular data prccessing tasks, a san should
Le assigned to system tasks very carefully. A husap is not
very effective in perforaing routine calculations - be is
slov and is likely tc make errors. A ccaputer, on the ctkter
hand, is fast and accurate. A man's memory is not cagakle
of handling large Lkcdies of concrete facts aand details
quickly and reliably. He should be replaced or supylemented
Ly autcmatic devices in performsing tasks like these.

Ban and the coaputer are not rivals. The coamputer
can take over a jreat many of aan's chores, especially the
more routine ones, and aan can be freed to devote acre of
his cr her time and energy to his or her specifically human
activities cf planning, sufpervision, and creative thought.
Ban and the computer (in fact man and any machine) should be

thought cf as teans pembers rather than competitors. Each.

bas certain strengtbhs and weaknesses. Effective systea
design <shculd compose the team so as to have each teaa
menkter ccmpensateé fcr the other's shortcomingse. This is
done, for example, in the case wvhere the computer is used to
make routine calculations vhich a man needs to make over-all
decisions, cr where the computer is used to make rough sorts
among a large numkteér of alternatives when the aan is
assigned the job of saking the final decision amcng the
screened alternatives remaininge.

3. cCapability fcr Motor Activity

In addition tc data sensing and data processing, man
also perforas certain motor activities. He can move his
aras, legs, hands and do other muscular actions. Speech is
also in this category here. These motor activity capakili-
ties enakle man to act upon the eavironment by manpnipulating
contrcls, «changing his position and location, trapsaitting
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information verbally to others, aand by lifting and mcving
cbjects.

The ability cf @man to make aovements is limited in
koth fower and speed. There is a time delay Letween the
instant wben he decides to zake a movement and the time the
sovesent occurs. Ban is also limited as to the kind of
sovements he can make. He cap reach in some directions and
not in others, and there are limits to the distances te can
reach or extend his band. The coasistency with which man
can arply force is also limited; his auscles fatigue
rapidly. The frecision with which be can apply force is
also lisited.

The motor tasks assiyned to men in systeas should be
compatitle wvith men's abilities to perforzn theama at the
levels demanded by task and system reguirements. Ccotrol
devices reguiring that people maintain consistent forces
over long periods of time <should be eliminated if possible.
I1f husan speech is required for a system task, the noise
level of the wvork area can not be excessive. If there is
sore tham cne operator using a systeam they may have to
connunicate orally ip order to perform a systems task.

Motcr task requirements of human systea coaponents
should ke designed for efficient accomplishment.
Fushkuttcns, cranks, joysticks, control panels, and kncbs
should e built for easy use. Men have several motor outfput
mechanisis. Tasks requiring human motor activity should be
distributed among tlte different mechanisas. These output
mechapniszs should nct be overloaded. The use c¢f fcot
pedals, kne¢e switches, voice triggered relays are exaasples
cf ways that the hands and arms can be relieved «c¢f motor
contrcl activity.
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4. Gapability f¢x Leatning

Cne of san's amost iagortant basic abilities, an
attritute that clearly differentiates niam fros machines, is
that he can learn. Given enough time, man can imfrove his
perfcrsance in almost any task. In spite of the tremendous
value of this ability to acguire better amethods and 1new
knovledge and skill, learning takes time. The time reguired
for the 1learning [rocess will gJenerally vary with the
coaplexity of the material cr task he is trying to learn.

Much of human learning involves a trial-and-error
Frocess. 1f one thing does not work, man will try another.
i The learning process is usually accelerated if there is
~ feedback or knowledge of results. If man gets this kind of
T inforsation, he can gquickly figure out new approaches, drop
the cld unsuccessful cnes and keep the ones that worked.

The use of sisulators illustrates another fact about
bumap learning: @aep are somehow able to transfer skills
acquired in one situation to another siamilar, tut not
identical, situation.

The system tasks which the operator is expected to
do shculd ke designed with the intent of minimizing the time _
required to 1learn tc perform thea. No matter hcow pcorly z;;
Flanned the systea tasks are, most can be overcome if feofle -

:i have encugh time in training. The effective performance of
a nev system can be accelerated if the need for excessive m
rreparaticn of humar components is eliminated. Scae lﬁ
ii training tise can be reduced by designing new tasks so that ;%
5 they Lear resenblance to tasks already known. T
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S. Ebisical asd Esycholodical Needs

There are certain physiological needs of husan
systes components that aust be satisfied or their
perforsance vill be degraded. Food, sleep, and maintenance
of health are critical human physiolgical needs. There also
are certain psychological needs which have effects on systeam
design. Mcrale, nmotivation, and job satisfaction affect
over-all systea capatility and they should be considered by
the designer of man-machine systeas.

If systeam tasks performed by men are of long dura-
tion - more than the customary eight-hour shift - frcvisicss
made for meeting rhysiological needs assume special
importance.

Morale is adversely affected by routine, refetitive
tasks. Most people tend to 1lose interest and beccme Lored .
in such situvations. 1Their work becomes less efficient. If
possitle, repetitive tasks should be done by Bmachines
instead c¢f reople. 1f a person must do the task then cther
functions should be added to break up the monotony, perhaps
even uUNnE€cessary ones.

6. coordinated Action

Man behaves as an integrated  unit. His many capa-
tilities work in comlkination and concurrently. At the sanme
time bhe is sending inforsation, a person may alsc be
Frocessing inforsaticon and performing certain motor activi-
ties. As a systen ccapontent, man selects from his akili-
ties the one most appropriate to the situation he is in arnd
he acts accordingly. He can operate in a simple or in a
very ccmyplex manner.

Man can gecrfora several kinds of tasks
simultancocusly or in rapid succession and keep thea all
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s integrated. He can direct his cwa effort. He can shift his
e attention to a very bnarrov aspect of the total situation, or
F' he can distribute it over many aspects of the situatica,
: giving only a aminiamal amount c¢f atteation to each. There
is, hcvever, a liait to all this. There is a point at which
the addition of tasks and respomsibilities outstrifps man's
versatility. This is when something jets negylected. While
this is not a desiralle situvation, it is at least a foirt in
his favoxr that san, as compared to a aachine, will not
simply 3c on functioning bliindly until he breaks down, rLut
will prcltably atteapt to focus on selecting and performing
the mcst critical tasks and thus saving the situaticn to

some degree.

Wben designirg systems it is iaportant to use man's
versatility and his ability to perfora nmany tasks

actions should noct be exceeded. However, if the tasks get
too heavy, man, unlike computers, bhas the ability tc decide
vhich tasks are the scst important and should be done first.
P In geneéral, the nuaber of simultaneous tasks should ke kept
bt low, work spaces shculd be designed to make shifts fros one
task tc another easy, amd compatible displays and contrcls
should Lte provided.

7. cLifferences Asong Ipdividuals

Cne of the mcst troublesome things about man as a

. systea ccapcnent is the fact that, as a class, he is pot
very vell standardized. In teras of each of the character-
istics described abcve - data sensing, data processing,
capakility for learning, etc. - amen differ widely frce cne
another. Within linmits, men differ in their sensory skill
levels, their ability to utilize information, their amotor
skille, their ability to learn, the strengths and tyres of

siaultaneously. The operator's ability to coordipate Lis .
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' their physical and psychological needs, their ability to
i coordinate their own activities and abilities, and their
ability to keep their performance from being affected by
their emoticns, needs and hardshigs.

Not only do [feople differ froam each other in teras
I of srecific factors, but there are vwide differences in
g patterns or combinaticns of human characteristics. Tvc aen
of identical height and weight do not necessarily have
similar perceptual or learning skills.

It is important to note that amost human characteris-
tics are distributed in a "norasal" fashion. While there¢ are
) extreses of all types in the fpopulation, the design engineer
— should keep in wmind that there are far more people whc are
"averageé," in teras c¢f most human abilities, than there are
extreme cases., The designer should pldn human systea tasks
A with an "average" user in mind. The user population aust be
defined ;recisely and accurately. Typical user pofpulaticms
might Lke: clder peocile, first-term military enlistees, and
€0 fcrth. Accurate figures do exist on the distributicns of
o human akilities and characteristics. The designer should
- not assume that amen good at one type of task will also be
. skilled in another. If possible the design plans should be
in terms cf specific types rather thamn of a mythical,
general "all-American boy" operator [ Ref. 6].

- E. SUNMARY

-

3

] Baving examined man in some detail as a systea ccajo-

E' nent, there are soase sumsary resarks that can be made with
respect to using this information in the design [process.

There is a tendency tc categorize huaan and aachine elements
in terms of "what map can do Lest" and "what nachines can do
Ltest." Since this kind of suamarizing is nct very




Frofitakle in teras cf specific probleas facing the design
engineer, about the best thing to do is to underline the
€arlier-stated notion that sen and machines are not competi-
tors. Within limits of what is available and, @®ore ispor-
tant, cost copnsiderations, the systea designer should
consider the characteristics of both men and machines rela-
tive to the specific systea [froblem facing hia. The two
classes cf components should Le ved in such a wvay that the
respective strengths of each coaplement the veaknesses of
the other. Pollowing are some general remarks about man as
a systesm ccosponent:

1. Man is a highly versatile coamponent. He can fulfill
4 wide range of functions that usually require very cosplex
and large =mechapnical or electronic counterparts. Sceme of
man's versatile capacities cannot be duplicated by ncnbusan
conponénté. ' .

2. Ccmpared wuith sachines, men are generalists or jacks-
of-all-trades. This versatility is extremely useful but, at
times, it can be troublesome because of man's somewhat
unpredictakle nature.

3. Man bhas a great deal of built-in variability. It is
difficult tc predict with great accuracy exactly hcow a sman
will fperform in any specific situatioan. Depending ugon the
Farticular task, and also upon many changing factors - moti-
vatiop, state of health, experience - man's performance aay
be outstanding on on€ occasion and very poor on anmother.

4. Man has very definite liaits on what be can do.
Unlike sechanical ccaponents which can be expanded cn a
module rasis, Bman reaches saturation both in terms of the
numaber of things he cam do sisultaneously and the duration

of his effort. While this sounds obvious, it is the cne
thing that is most cften overlooked in the system design
process.
35
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5. 1The humar cosponent has many vulnerabilities. Many
envircnaental conditions influence wman's behavior: his
health, his age, and his physical stamina are all examples
of man's ncp-foolprccf nature. He wmust be utilized with
care.

6. 1In spite of nctions to the contrary, man is a costly
compcpent. In terms of training costs, Bmaintenance costs,
and replacement costs, the human as a systes coaponent may
e far more expensive than a casual investigation indicates.

Chapter two described types or categories of oferators
and this chapter discussed how these operators £fit as a
compcnent into the "total system.” The next chapter will
apply tlkis gemeral discussicn to a particular coafuter
system used by the Upited States Navy.
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a IV. CASE SI0DY

The previous tvo chapters provide a backyround and cver-
i' view cf @#cst of the issues and concerns in designing an
interface retveen an cperator and a coamputer systen. This
chapter will provide a discussion of these issues in the
context ¢f an actual systea. The system already exists, and
' the discussion will e from the perspective of a survey of
E: existing prcblems and recomsendations for modifications and
L correcticns.

The United States Navy utilizes many special, comfplex,
real~time ccmputer systems which rejyuire operator interac-
tion for operation and maintenance. In this chapter, vwe
will descrike the structure of a spedific eiample of this
type of system. The system is operated continuously twenty-
four bours a day, three hundred sixty-five days a year. At
least three operators, a CDF operator, an EDP operatcr, and
an ER operator are needed to run the system during a regular
eight-hour shift. The operators are responsikle for
ensuring the comfputer collects and processes real-time data
and transmits correct reports to the proper users.

The CDP operator is responsible for setting up the
computer. All the information needed to properly set up the
computer is provided to the operator by outside sources
through a paper report. The operator takes this data and

inserts the information ianto the computer. The inforamation
includes a date-time-group, and the time limits on a fartic-
@iar ruan. To insert the information the operator ansvers a - 4
large number of guestions generated by the coaputer. Each
time the computer has to be set up, the operator must ansver
the same guestioas. Most of the aanswvers do not change and
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the oferator eventually Jjust memorizes the sequence of
answvers uithout reading the questions. This type of inter-
face can cause boredcm and carelessness on the oferator's
Fart. khen the comfuter has frocessed ail the desired data
the CLCP operator performs the proper operations so the
computer will terminate the curreant run and prepare toc start
over again.

The seccnd operator, called the EDP ofperator, monitors
the system. He does this by watching a continuous presenta-
tion cf a file, called a day-file, wvhich gives a stef-ty~-
step description of the computer's actions. This dayfile is
taken directly from the operating system of the computer and
is not rewritten befcre the operator sees it. Therefore,
the description is written in the vendor's operating system
teras. 1be EDP operator also changes tapes on the tape
drives, adds papei tc the printer, and other miscellaneous
jobs needed to be performed for processing.

The third position is the Evaluation and Reporting (ER)
positicn. The ER oferator evaluates all of the reforts
processed and transamitted by the computer. He <checks for
any rerorts that are wrong, Bpakes corrections if pcssitle
and cancels those which are erroneous. This operator also
perforrs sore analysis. When the computer is unakle to
automatically geperate a report, the ER operator attemfpts to
gather outside information to support the computer. If the
operator can coarlete the process, he manually generates a
repcrt of the information.

A. 1IPE CF OPERATOR

The tyre of operators used to operate this particular
systee may te any comtination of the types discussed earlier
in chapter two. The cperators work six eight-aour shifts in




five days. The CDP ard the EDP operators spend their ertire
shift vorking with ccsputer terminals. They are therefcre <
categorized as dedicated operators. The CDP's entire job is
performéd in front of the terminal. The CDP operator is
Loth an active and a passive oferator. As an active oper- L
ator, be enters data into the computer and initiates S
ETocessing. The CDF operator enters data into tae comfputer

Ly answering questions provided by the coamputer. This gmakes N
him a passive operatcr. The EDP operator is only a passive ff?
operator. He does not interact with the system unless the -
computer malfunctions. Although the ER operator also uses a

Ly VU Y

termipal, he spends a large amount of time doing parerwvork.
He is therefore a part-time casual operator and a part-tiame -
dedicated orerator. When the workload is heavy the ofperator .
spends mcst of bhis shift at tbe keyboard and the paperwvork
is put aside until it is convenient. '

The operator's backgrounds vary a great deal. Many of

the operators join tle Navy directly after high schocl grad- .
vation. If they become cryptology technicians (CT1) when e
they enlist, they go through the appropriate training ccurse iﬁ
directly after bcotcasg. Other operators have beean in the f;
Navy but in a different field, such as intelligence =

specialist cr aviatich mechanic. These operators transfer
into the CT field through one of the Navy's re-enlistment
frograas. They alsc attend the training course. All of

-l

these oferators receive the same sixteen week training
course. The course does not teach programming languages.
It prcvides training cn how to use the system and a general
understarding of comfputers. A majority of the operators do
not have any prograasing or cosputer experience. For those
not interested in cosputers the sixteen week training ccurse
is all the education they receive. The initial 1lack of §¢‘
experience indicates that the san-machine interface should :
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te written in an infcrsal 1language waich the operator can
understand. The Navy can not afford to spend the time or
soney needed to provide the oferators with a more thorough
training program. 1If the interface is written in ap easy to
understand, informal language then the training course can
provide a lretter education of the systeama instead of merely
the interface language. This way once the operatcr arrives
at her duty station she can spend her first few wvatctes
learning tke "local groced ures" instead of being retraiped
cn the system. This would save time and money for the U. S.
Navy and the individuval field sites.

In summary, the type of operator used for running this
systen is dedicated, ncnprogramming-oriented, and not higbly
trained, apnd the map-machine interface should be designed
for this tyre of operator. It should be easy to learp and
understand énd should provide status aid request input in an
informal language, nct in operating system terms. It should
also require enough interactioan between the operator and the
computer to make tle operator feel he is a part of the
syster and not an unneeded coaponent.

B. FPCSITIONS

The ccmputer is operated from three positions which are
sanned Ly watchstanders. Each position has a different
interface which the cierator must learn to work with. Each
Fosition also has its own [robleas. The follcwing
Faragrapbs describe the f[frotlems with respect to each
Fositior.

The operators and the hardwvare of the systea are physi-
cally located in twc separate rooms. The separation was
deliterate and will pot change in the future. Thus, if
there is a system malfunction the CDP operator Bsust leave
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bis terminal and go tc another room to check on the fproklea.
This xeans the tersinal is unsanned for the time the cper- =
ator is in the hardvare rooa. Since the operator fposition
will pot be moved into the same rooa as the bhardware, an
interccn systea should be set up. This way the CDP operator
could ccepmunicate with someone in the hardware roos and stay

-
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at the terzinal, or go to the hardware room and ccasunicate
with scseone else at the teraminal. The CDP operatcr would
still have coantrol cver the system at his terminal aand he
can cleck on the system in the hardware rooa.

e e
. e .
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The CLP operator has a dedicated Hewlett-Packard micro-
Erocessor and terminal npext to her position. It is dedi-
cated to a grapbical representation of the coaputer links
;: and ocperation. The display is slower than the systeam it
4 replaced because it takes longer for a computer prograa to
ﬁ' . . ‘execute than for lights to turn on. The old system was a
= tulky display panel with many lights. The lights simfply

were cn cr off showing the CDF operator whether c¢r nct the
: connecticns were aade. The HP terminal displays a ficture
L cf the equifment with the links. In addition, the major
Froblem sith the HP is it is nct reliable. For instance, at
cne time part of the computer system vas not functioning and
the HF terminal showed that it was. It also hapfgens the
opposite way. The terminal is an ideal component for the
CDP pcsitior. Given the tixe and money spent on this status
terminal, it should ke reliable, or aore resource sktould be
spent to make it reliable. Also, some of the operators have N
sade changes to the HP terminal programs which have :3
tenefitted the watch standers. These changes should be o
shared with other field stations so that everyone <an
tenefit frox then.

The regular terminals that the operators use have many ﬁf
o capakilities which presently are not being used. There are .
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function keys at the tcp of the keyboard which could ke used S
to perfors some of the repetitive operations. There also is . —

a set of keys on the right side of the keyboard which can be ifﬂ
used to enter numbers. Any of these keys could be used to :fE
speed up interaction with the computer. Presently, it takes . jxi
approzimately five minutes to perform the set up of the S
coaputer. In the future there wmay not be five ainutes '

availakle tc prepare the computer for the next run.

The CDP operator enters data into tahe computer and he

can, of course, easily make mistakes. The error messages he
receives are in cperating system teras. For example, the
error message “LP7A"™ is suprose to tell the operator that
the line rrinter he requested is not available. 1In addition ‘.j

to learning how to use the terminal to run the computer, the .-
operator must memorize the meaning of many  error messages.
There is a manual which lists all of the error messages and
the causes but the cperator does not always have time to
look thex ug. The error messages should be rewritten in a
language the operators can understand and they should relate
to the actual application and frograsm.

The EDF operator monitors the computer through a file ;ii
called a dayfile. Tle file automatically updates itself and
repeats the messages over and over again. Basically, it
provides a long sequence of operating system status messages ;
which give the operatcr the message: "I'm okay, I'a ckay, o
€tC..." until something goes wrong. When an error occurs, T
the error message will be kuried in the sejuence cf cther :
status messages. operating system terms. If the ofperator ;i:
is exrerienced she car easily find the messages in the file NS
vhich tell ber bhowv the system is doing. An unexperienced
operator say miss an important message because she can not
intergrret the file. The file should be written in a
language the operatore can easily read and understand.
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The ER position is extresely active. In

...........

addition to

checking reports and making corrections, this operator aust

also shuffle a 1large amount of fpapers. He is

resgoneiktle

for ripping, sorting and filing messages received frca ctter
locations. He actually uses only a saall amount of the

messages which are received. The rest, used
tackground informaticsa, are placed on «clip

mostly for
boards for

everycne to read. This task is tedious and could te divided

among the other operators.

The messages the ER operator uses contain more inforsa-

tion than the operator needs. For exaaple,
Fossible ten columns cf information only one or
may Le used. Many times these columns are

cut of a
tvo columns
spread out

instead cf located near eackh other for ease of reading. The

operator amust first find the correct coluans of
and attespt to read the correct row in each one.
teristic of database systems is that coluans of
€asily mcved around. The printouts should have
of infcrsation most often used on the far left
together so the operator can read thea gquickly

If the 1rest of the data is not needed then it

information

| charac-.

data can be
the columns
and grcuged
and easily.

should be

deleted, or at least stored wvithout being printed. If there
are times wvhen all the information is needed then it should
e available tc the operator omn reguest, but cnly on

request.

The information cn the printouts is extresely technical.

The EB oferators should receive some basic training so that
bhe canp [perform his jcb proficiently. The traiaing would
€nable tie operator to read and recognize the data without

baving tc 1lcok it wup in a pile of manuals.

It would also

give him a lretter understanding of the action that is taking

Flace.
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Today all updating of the database is done manually by
the ofperators. If this update wvas done automatically it
would speed up processing. The operator would be free to do
other tasks and not spend the time updating the systes.
Correct automatic updating would also ensure that the

correct and most curreant analysis vas performed. If it
could not be done automatically perhaps it cculd be
rerformed Ly query from the computer to the oferator to
verify the update. This would ensure that incorrect data
did nct regplace correct, up-to-date inforaation.

Bany times the IR operator gets behind because cf the
large aacunt of grocessing being done. Presently, there is
no sefraration of high interest items and routine processing.
If there wvere more terainals available for the operatcrs at
the ER [fosition ther one ofperator could process just the

bigh interest items at one terainal. The routine iteas .

could ke processed at a second terainal by another ogerator.
The isportant information vould be processed and the routine
iteas wculd not get ltacklogged.

Everyone needs sose form of feedback, whether gccd or
tad, to perforam a job well. The operators need feedback
from the support personnel and the support personnel need
feedrack frca the operators. The commsunication lines need
to be opened and kept opened so that the site as a whole can
perfors at its Lest. At least one field station has an
cutstanding relationship Letween the operators and the

suppcrt personnel. The end groduct it produces is well
received by the users as a result.

The systes changes freguently. Any future changes
concerning the terainals should take advantage of the caga-
kilities which already exist. There are many possikle uses

for the extra keys on the terminals. Using the keys instead
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:: cf adding mcre CRTs tc the CDF position would make the cper-

ﬁi ator's tasks easier and take less tinme. Consideration
X ) should, bhowever, be given tc addinj a terminal tc the ER

& Fosition. The ER pceition would wutilize a second tersinal

. sore effectively than the CDP.

C. IEBE ENVIRONMENT

The cperator must be comfortable in ber envircoment to
rerfora her "“best." She aust be able to aove freely and
quickly to respond to unexpected events, such as systen
failures. She aust be able to read the terminal screen

: €asily withcut causing unnecessary strain on her eyes. The
25 envircnment the cperator works in has a direct effect on her
: rerfcrmance.

1.- lemreratuge

T As genticned in chapter two, improper envircnmental
N temperature can cause physiological stresses which indi-
' rectly affect sensory or motor performance. The ccaputers
require cold rooms in order to function properly and not

overheat. The bardvare of this systea is in one roos and

the oferators, tersinals, and peripheral devices are in

another. This separation of egquipment and operator should

pmake it ccnvenient tc keep the working environmeat comfor- L

table fcr the operators. However, both rooms are extremely jlﬂ

- cold. The low temperature is perfect for the equipment Lut A

Y uncomfortable for tle operator. The rooa is so <c¢old the :ﬁ
aj operatcrs wear additional ;ieces of clothing, such as ;Q
- sweaters and coats, to keep wara. This extra clothing is lg
. awkward and prevents the operator froa responding guickly to :\
) conputer regquirements, It is also uncomfortable to wear ]

heavy clcthing the entire eight-hour shift. In crder for
the operator to perform at her "“best" she must be atle to
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move freely without keing constrained by a bundle of clcthes
which are¢ needed to keep varas. A large effort was amade to
separate the equipment and the operators. The same effort
should be sade to make the ofperators coafortable in their
_ﬁi vorkirg environment.

‘! 2. ldighting

Eresently the rooms are lit with rows of 1lights

across the ceiling of the roca. The light switches are
wired so that when one swvitch is turned on an entire rcw of
lights in the roca ccse on. It is not possible to oanly turn
on a light over the supervisor's desk or over the apalyst's

desk. The rooms are arranged with the supervisor's desk at
the cfrerators back. If the row of lights is turned on over

? the supervisor's desk then there is a glare on the ofera-
N ' tor's teriainals. Thke glare causes'a strain on the ogera-
s tor's €yes which directly effects the operator's

pecfcrmance. The light is regquired for the supervisor Lut
. not tle cperators. The lights could be rewired so that it
- is possikle to turn specific lights on and keep others off.
- Another possible change would be to add the capability of
dimairg the lights tc cut dcwn on the glare. Either cbhange
would elisinate some of the strain placed on the oferator's
eyes during his shift.
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. The training course is sixteen wveeks in length arnd is
taught five times a jyear. The total of five hundred fifty
hours per class is divided into classroos and 1latoratory
sessions. The classroom and laboratory sessions are inter-
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_ tvined with two hupdred forty-one hours of classrcom o

:Q lectures and three hundred nine hours spent in the Lfi
- laboratory. ek
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The dinstructors use blackboards and handouts for
teaching the students during the classiooa lectures. This
is a difficult way of teaching first-time coaputer users how
to interact vith a ccmputer terainal. Seeing an examfple on
a CRT screen is different than seeing it on paper. Peotle
remeater actual experiences easier than sosething written on
paper and banded to thean. If at all possible a rcos with a
terainal for each student should be provided for the class-
roca lectures. The terainal room would give the ipstructors
the cagability of iptroducing the studeats to computers
tefore placing thea in the laboratory. It would make the
students more comfortable with CRTs and give them a Letter
understanding of how to interact with the terainals.

The training course gives the students too auch theory
cn cosputers. AD operator does not need a detailed explana-
tion of how bits and bytés' vork in 'brder‘to Ooferate the
systen. The time spent on theory could be better spent on
problem solving or perhaps spend less time in the classrcom
and wsore time in tie 1laboratory. The students need to
understand how the ccaponents are 1linked together to form
the total system and how to interact with then. The
students can learn about the internal components of the
systep after the course in the wvorking enviromment.

The lakcratory represents a "perfect" system. The oper-
ator is shown hcw tc set up the coaputer and then hcv to
wrap up the process. Nothing is said about the frokleas
which occur between setup and wvrapup. No systea ruans
perfectly all of the time. The students need some intrcduc-
tion to [frroblems which may occur during an actual watch. :
There are several wajys to achieve this. One way is to allow -
the studeats to stand watches with the operators on the
real-tise systen, The opn-line training would show the

students what actually bappens and vhat to expect during a fﬂ
T
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shift. The instructcrs could also stand watches with their
students. This wculd keep the responsibility of the
students in the instructors hands and out of the shift
superviscr's. It wculd also rrovide the instructors with a
method of evaluating the students. The on-line training
would also enable the instructors to keep up-to-date wvith
the systen.

A second way of teaching rroblem solving is through
sinulaticn cf errors. Software programs could be writtean to
simulate froblems encountered while operating the computer
- systes. Okviously nct all the probleas can be presented to
the students but a large majority of thea can. The simtle

i errors such as misspelling cf commands could easily ke simu-
; lated. Sigulation cf errors would provide the student with
- @ better understanding of his expected tasks and teach bhim
how tc updo his mistakes without turaning everything off and
starting over.

After sixteen weeks of training the students should be
capaltle of sitting in front of a terminal and running the
systesn. Hcwever, one field station gives each new operator
an additional two mcnths of training before they sit the
Fosition. Each of the field stations have local fprocedures
which aust be learned in order to operate the systeas.
However, two months is tco long for just learning local
procedures. Either the station is wrong and providing more
training than necessary or the training course dces not
provide the appropriate information to the studeats.

E. CCECIUSION

The system designers should be responsible for making
some of the suggested changes. The programaming of the func-
tion keys should be ferforsed Ly the designers befcre they
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add mcre terminals tc the [fositions. The designers should
also rewrite the dayfile and the error messages so that the
operators can understand thes without having to semorize
their meanings.

Altbhcugh the designers shculd be respoasible for scae
alteraticaos, the ipdividual field stations can pake a
majority of the changes. The tasking of the operators can
be unifcremly divided so that one operator is not idle while
anothe€ér is overloaded. Messages that need ripring and
filing can easily be done by the EDP operator instead of the
ER oferator.

An intercom system can easily be arranged betveedn the
CDP [positicn and tike hardware rooa. The @naintenance
rerscanel could possikly find this system useful also. If
equipment which is lccated in one room but is operated in
another zalfunctions, two maintenance personnel could werk
cn  the froklem without having to physically go back and
forth Letveéen the tuc rooms. They could comaunicate over
the interccs.

lhe training course needs to be reconstructed cr at
least a few changes should be comsidered. Less theory and
sore training on oferational procedures should be given.
The lakcratcry sessicps could be nmore realistic and provide
gore froklem solving examples.

Making the changes to the systeam and the interface would
€énable tle operators to perforam better. It would grovide a
tetter environment tc work ip and the operators would be
sore ccafortable. Theé overall output of the systea would be
frocessed faster and le more accurate, also benefiting the
tsers.
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V. CONCIUSION

In summary, the success of a systea in achieving a
specific purpose depends largely on the interface tke ofera-
tors mcst use to coakunicate with the computer. In order to
design the san-machine interface there are a few facts the
designer must be fully familiar with. These facts include
the type of operator, the environment in which theoferator
must work ard the equipment the operator aust use to run the
systen. The type c¢f operator varies a great deal, as is
€xplained in detail in chapter two. The designer must know
how cften the operatcr will interface with the system, what
the oferator's backgrcund is, and hovw much interaction will
Le needed to run the systen. All of these facts must be
kpown and thorougaly understood before starting to design
the ipterface of a systen.

The environment in which the system exists and the cper-
ator must work directly affects the performance the crerator
achieves. Therefore, it must be constructed to ensure the
cperator is comfortatle while she works. The envircoment
issues include the temperature of the rooa, the lighting of
the rccm, and the physical arrangement of equipment.

The mcst important issue which must be designed with the
operator in mind is the actual egquipment the operator wcrks.
The ruaker of controls and displays the operatcr must
operate cr watch shculd be kept to a minimum so that the
cperator is not respcnsible for more components than he can

An operator is nct a piece of ejuipment which can be
connected to other parts of a systea without careful
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Flaanning. The operator's capabilities are limited and must
ke considered before placing her into a systen. Chapter
three discussed the capabilities of the bhuman being as a
compopent of a systea. These capabilities include the
ability to learn, sepmse, process, and react to given situ-
ations. Electronic and mechanical systeas can not respond
in the sase nmanner as mankind and thus the characteristics
are different. Therefore, the designers amust consider the
operator's capabilities as wvell as the systea's.

The case study was done to give an example of how the
lack cf a thorough understanding of the man-machine interac-
tion affects the performance of the system and toc frcvide
somse reccmmendations c¢cn how to iamprove the interface. 1It is
extrezely important to completely define and thorcughly
understand how the orerators will intgrface with a ccaruter.
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