Loyt GG

S0P

. \RDCOPY $. /77

604949

MICROFICHE  §. 45°

4
’ i

I

{

Rob

OF THE SYSTEMS RRESEARCH LABORATORY STUDIRS

C September 1955 p-'ny

THE BACKGROUND AND IMPLICATIONS

ert L. Chapman and John L. Kennedy

Approved for OTS releasa

i RAND g

1700 MAIN . # SANTA MOMICA ¢« CALIFORNIA ~mmmmmscnem



P-740
9-21-55
-3i-

SUMUARY

\ PSS et / ,/’

4’“ effective operstion of oomplex man-~-machine systems fo—.—-jur-m
Force problem, end-one-thet-Fhe-RAND-Corporetiente -Oystens Revsarcir
tory hes-been-wodiking -on—-for the-last four years.--3oivtions-to this

requirv- o understanding--of grouy rether -ther individosl - behavior. ﬁ/its

laboratory studies of complete organiszations the Systems Research labora-

tory mee used a full-scals model of an air-defense direction center.) It

appiy-wtresy 30 that weaimeocee- t,hst-obov;‘ ~i-Yhe model can be used as
the—bestsformYmy - ."5"3at-om1utim-.w under stress
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besauve—they—hearwmy-and 9nY—Jor result of this studyAhaa!:h.q echniques
for using group learning in greatly improving system performance.
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In addition to a theoratical approach that can be used by other

scientists, the results of this study have many implications for system
design, especially in persomnel selection and training and in human

engineering. /\
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No Air Porce mission can be accomplished without men.

The accomplishmsnt of many Air Force missions depends cn
the ability of two or more individuals to sct in cooperstion
as a group. . . Failure of weapon eystems my be due to
fallure in offective crew functioning even when individual
group members possess the requisite skills and abilities for
their individual jobs.

e « +» Increasing the effectiveness with which the Air

Porce can ascomplish its peace and wartime missions by pro-

moting better %roup functloning among individuals working

together. . . be obtained | through developing means ~f

evaluating the gro % ] porformance, of identifying the organi-

zltion, of finding ! policies and procedures of the group

which most directly sontribute to superior performance, and

of testing methods for assembly and treining of groups which

most likely will provide effactive units.

This excellent statement of the problems of making organizations
effective is from a recent Alr Force Technical Document. It not only des-
cribes one of the Air Porce's most critical problems, but in pointing out
whers solutions might be found it also defines the purpose of The RAND
Corporation's 3ystems Research Laboratory. What this Laboratory is trying
tc do is precisely this development of "means of evaluating group performance,”
this "identifying the organization™ and finding the bsst policies and pro-
codures and the be>t training methods.

Our present technological society has become almost ocompletely dependent
on large, complex man-machine systems. But these systems have become s~ big
and s0 complex that they are almost beyond the comprehension of the men who
operate and direct them. A3 the systems have grown in sise and cosplexi.y,
the tasks of the men who run them have too, Bigger and more complicated

machinery won't necessarily give us better results. It's necessary to

understand the behavior of the men who operate these systems, and since
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systems are run by teams and not by individuals, understanding the :ritical
numan elemente of these systems means going beyond individual psychology
into the terra incognita of organigstional behavior.

The continental =:--<afen3d system is a good example of what's been
happening. Just a few years ago an aircraft-warning net that surrounded
the entire country would have been little more than a wild dream—a
communication netwuik of Lnoumanis ol wen 2nd meachines that linkad together
fighter bases, redar sites, interceptors, civilien-defense groups, the
Civil Aeromautics Authority, and other organisations that had to work
together on split-second schedules was patently out of the question. But
this tremendous (and tremendously complicated) system is in operstion
today, and a bigger and more complex one will 'e operating tomorvow,

In using systems like this cne there are new problems of selecting,
treining, and utilising men--problems in which questions of the proper use
of individual specialists are only a beginning. Today's problems have
become those of group coordination and integration, of team performance
and team learning, the problems that are the critical cnes in understanding
and opereting man-machine systems.

Understanding how groups of men work together effectively is obviously
of very general interest, in the industrial and commercial world as well
as to the armed services, and a problem that requires a varie.y of research
efforts. Operetions analysts, industrial sngineers, scciologists, political
scientists, psychologists, planners, and executives—to mention only a
fow--have been working on it,

The RAND Corporation's Systems Research Laboratory has been studying
these complex systems in a laboratory with experimertal metnods. The
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laboratury has been studying complete systems, nct just parts of systems,
and--grobably most important--it has studied them as men-machine systems,
deliberately considering men as integral parts of the system.
This peper will present a gensral picture of how this was done, what

was learned by doing it, and what the imports-t implications ol lheae studies

might be and where they will fit in the general scheme of reseerch activity.

THE SYSTEM STUDIED
It bscams obvioua early ir these studies that simulation techniques and
techniques for controlling large-scale sxperiments would have to be pushed
beyond their current state of development and that it would be necessary to
selact a kind of organization that lent itself to being studied with the new
techniques. The system selected was suited to these laboratory techniques;
it was aleo of critical importance to the Alir Porce and one that had emough

in common with other systems to give the results generality.

The Air-Defense Diresction Center

This system was the air-defense direction center, an organisation that
defends a portion of the United States against enemy air sttack, In many
ways & direction center is a complete system; it has all the information
available about the air treffic in its ares and controls weapons for stopping
enexy air attacks. What was simulated in the laboratory was a close approxi-
mation to a real direoction center-—-a full-scale model marmed by a standard
orew of 30 to 4O men. PFour air-dsfense «xperiments were oonduocted. EKach
ren for about 200 hours—the equivalent of about six weeks of norsal life

in a real direction center.

Pigures 1 and 2 (Crew Members in Laboratory)
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A direction center is a rather complex organisation with quite a complex

job to dc. The laboratory crews had to defend an ares of roughly 100,000
sgare niles. During each experiment there were about 10,000 flights over
this area. The air traffic, which increased more than threefold during
the sxperiment, included a wide variety of flights—from commarcial air iiners
on transoceanic flights to cub aircraft hedgehopping from airport to airport.
Hostile attacks .n targets in the area ranged from single bombers trying
tc cammuflage themselves in the flight-plan treffic to mass raids of as
many as 25 hostiles. Symbols containing information §bout these flignie camé
into the system at an average of 300 a minute—a rate of information input

that added up to something like two million symbols during an experiment.

Choosing & ystem to 3iudy

Two conceptual iassues, regolved before the axperiments started, were
crucial ones for making these studies possible, Both of these issues,
which were concerned with the kind of organisation to be studied, delimited
s complioated problem.

Pirst of all, the air-defense direction center is an organization in
which task accomplishment has a well-accepted social value and one whose
successes and failures are fairly easy to evaluate at almost any time during
its operation. An experimenter can have confidence in an air-defense crew's
motivation to defend the country against air attack and in recognition of
success and failure. And this motivation is complioated very little by
previous porsonal histories. The complex of values, attitudes, and bellefs

that influence this organisation's development are derived mostly from the
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crew's experience with air defense. Because the groups studied were newly
assembled, a good part of this happened right in the laborstory.

A second advantage of studying a direction center is that more of the
group's activity can be observed than i{n many other organisations. Much
of the crew's behavior in dealing with its task is verbal response to known
stimuli{--either to other verbal behavior or to task information coming into
the system. There is little of importance that can't be seen or heard by
the experimenter.

5ince thoee experiments involved groups of nearly 4O men, choceing &
systen that had these charecteristics simplified the problem tremendously.
The motivation of tie men under study and the means ~f measuring system
effectiveness wers both relatively uncomplicated. Most of the group's

relevant behavior—-and the way this behavior schanged-—was exposed to view,

THE MZTHODS USED

Although a description of the sysiem studied gives soms idea of the
sise and scope of the experiments, the ideas behind *Hese experiments can
be put into a larger context and one that is probably mcre msaningful.
3ince the effects of equipment modifications were not the object of study,
the physical resources were kept constant during each experimsnt and the task
was varied. Any improvements in performance depended entirely oi eadh crew's
skill in using the resources it already had.

The Systems Research laborstory's facilities are used t. study human
organisations in much the same way a wind tumel is used in teveloping new
aircraft. In both methods the experimsnters manipulale an environment to
apply stress to highly detailed models so that the performance of the
prototype oan be predieted and changes made to improve it. A wind tunnel
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vses & detailed scale mcdel of the aircraft whose fliznt characteristi:s
are being studied; the Systems Research [aboratory used a model orcanization
of 30 to 4O men tha'. was prectically [ .1 scais. PRy exposing the modals tu
critical environmental conditions over and over again in Jdifferent. combina-
tions, both faecilities can he :sed to sxpose weak points in the desim of
the protetype.

Both wind turmnels and *his way of stulying .rganiza‘t!i ns rely heavily
on elaborate measuring devices. And both of them accumulate en.rmous
smm-te of date--3L aucl, in fact, that o corps of specialized professional,
techniocal, and clerical workers is needed to handle it.

Researzh frzilitiss such as the Jystems Research laboratory, again liks
wind turmsis, are big and expensive, but they may well bLecome as indispen-

ing

sable in designing and improving systems as wind tunnels are in desi

H

ajroraft,

But with all these similarities, *nere 1s ui'e main difference Letween
wind-tunnel studies of aircref. and large-scale laboratory research with
human organisations. In experimonts with organiszaticns, the laboratory
model changes under stress. [t learme. Learning {s an invaluable chara:-
tearistic. It is aleo a complicating one., Because ormnizstions loam, a
formula for predicting their performarce, unlike a formula for predicting
the tehavior of aircraft, has to take into account the way the organization
changss under stress.

Although aspiring to study complete man-machine systems is obviously
fine in principle, worthwhile results depend on how ef’ectively aspirations

are translated into experimental forw. An important aspect of this
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translatior is gaining "observational access to the phenomena.” " Liservs.
tional access™ is more thar being acle to get meaningful dats -‘Lts primarily
a problem of getting worthwhile phenowena to oczeur at all. If an organiza-
tion is to bhe observed nnder & variety cf conditions, it's essential ‘hat
the men whc are being studied %unction as an organization and not just as

a group of individuals ana that ihey ars stir.lated tn Aeavelinr as an organi-
gation--to learn as a group., This failed to happen in the first experiment—
the organisation leaimed so much faster than it had been expected to that
long before the expe=iment was over the task that had been so carefully

prepared became 3o sasy that the group's performance was nu .ongsr worih

sbserving.

RESULT3 ANC THEORY

™e outstanding empirical result »f these experiments wvas the degrse to
which an air-defense crew car lsarm t~ use its resources more e’ %ectively.
Tha. & group of numan beings can learn is by no mears a momentous conclusior
-——after all, it seems rether obvious to SAY that the performance ¢’ a system
can be improved {f it has resources of one aind or aiother that it hasn'®
used before. wWhat was startliing in these experiments was the extent to which
perfcrmance could be improved by axploiting these unused rescurces. Aithough
the task load was increased gradually ec that it was wmore than three times
aa great a! the end of the experiment as it had been in the beginning, each
of the four crews ke,t up & highly effective defanse of the arsa against
enemy air attack.

S3ecause an organitation whose achievemsnt is readily measured was

chosen for study, the svidence for saying that organisational development
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did teks place is readily found. Although traffic was continuaily
increased during sach experiment to the point where, in the last part cof
sach experipent, it was heavisr than the normsl air traffic in any part
of the United States, each crew's defsnse against hostile attacke of ail
kinds continued at 8 more effective level than we had ary resson (o expect.
(Incidentally thers were so many similarities in performance and develop-
méent among the four crews that crew leaming can be cunsidered in the
singular, eince what happened in any one of the crews was fairly typlsal

of all of them,)

Tesk and Response Models

But the scientific significance of the 3ystems Research Lacorstory'sa

work is the way thess experiments exposed the process of organiszational
development .

Just what does an air-defemse crew do to maintain effective performmncs

in dealing with & task that kecps getting harder and harder? A rather
obvious answer is that it spends its efforts more efficiently. With each
increess in the mumber of tracks the crew had to desl with saturation
seemed iwwrinent because the crew found it more and mors difficult to con-
tinue handling each track with its current procedurss. But each time that
saturation seemed imminent, some way of simpiifying the job was found.

One way to measure the effort & crew expends is by the mmber of items
of information, such as position reports, it uses tc handie the task.
There was only a alight increass in the rate of information flow during an
experiment. As a matter of fact, during ths last hour of the experiment,
when the load mas more than three tLimes as heavy, Lthe orew used just about

the same amount of inforwaticn it did during the first uour.
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It mintained this unexpectedly high degree of success in defsnding the
ares by concsentrating on treffic that was potentislly hostileo, spending
smalier and smmaller amounte on the rest of the treucka. If the erew had
spent its efforts at the same rate during the last hour as it did during
the first, it would have used nearly 1,300 items of information. Actually,
it used only 640—fust atout half of what would havs been necessary if it
nadn't changed ite ways of handling the task. This is one exaxple of more
effestive use of the same amount of effort—ar illustrution of how the
orew as8izns the kind and amount of effort to task svents it considers {mport-
ant, This rough msésure of effort axpended is the "response model™ (Pig. 3,
page 9).

But since there are sc many tack events, the crew must have some way of
deciding which ones are important, It does this by waking distinctions
between trecks that it has to deal with to scocamplish the task and those
that it doesn't have to deal with at all. These progressively finer dis-
tinctions about which oclasses of tresks need to be handled meke up the
“task modal? (Pig. 4, page Ja). Although the mmber of tracks in the taesk
increascd steadily, there was only & alight increase in the mmber of tracks
the crew dealt with. 3inca it contimued to defend the area successfully,
even though it dealt with cnly part of the trasks (sbout 40 per cemt of them
in the last hour), theese distinctions were obviously effective ones. The
importart discriminstions were between threatening flights (traffic coming
from certain directions) and nonhrestening ones (Ltreffic going in other
directions).

These models enable the organization to spend its effort more effectively

by determining what effortes will be given priority. By mking appropriate
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THE RESPONSE MODEL
Eftfort
spent Totol
/,,—’Er’mcol Trocks
T — "~ __Less Important Tracks
. — —
Time
Pig. 3. Although there is only a alight increase*"”
in the amount of effort a crew spends during
an experiment, more and more of it is spent on
ocritical tracks.
THE TASK MODEL
>
TOTAL EFFECT DISTRISUTION
Percent
Number of trociks
of trocks handled
Stimuius
Importart Class
.
~.
~.
Tracks Ho—nﬂe_d \‘
./,/ \‘
/'/ \
Unimportan?t Ctass
Time Time

LELL

Pig. 4. The number of tracks the crew handles does not
incresse as fast as the number of tracks in the

timilus (laft). This occurs because it handles
]..o' and s(nllu)- proportion of noneritical trecks rm .

A ot e, T
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shanges in the modsele the organisation can adapt to changing task

circumstances.

A _Theory of Organi{ssticnal Learning
These empiriscal results seem to indicate that an organisation will

lock for new patterns of behavior when it needs them—when it is under
streas, Stress in An organizstion seems to arise from failure to perform
offectively or--for an equally important reascn—because it has to work
too hard to avoid fallure. The first is "failure™ stresd; the seoond,
"discomfort™ stress.

* This effect of stress on organisations suggests an analogy between
group learning and the familiar description of individual learning: stress,
new and appropriste response, reinforcament. Without stress, organisations
don?t learm. Without reinforcement, they don't learn repidly.

The results of these experiments indicate that group learning is an
essential factor in any squation for predicting organisational effeotive-
ness. PFrem the amalogy to individual learning, the main outlines of this
theory seem olear--it must include the source of stress (ths discomfort and
failure that act as pressure to learn), and ways of reducing strees (the
priority schemes of the task and response models). Such a formulation
should help to predict how fast and how far a system can adapt, to identify
what is diffioult in the task, and to define the conditions that help an
organisation use its resources most effectively.

Perhaps the most important result of these experiments is that such
conoepts as stress, Tate of lesrning, and »o on can be described quantita-

tively. There are, to be sure, some practical difficulties—the lLaboretory
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now has over 12,000 honrs of resordings and some 60 file drawers cf support-
ing inforwation from the air-defense studies. Thus far, some 100,000 IBM
oards have been coded for each expsriment, with periups an equaily large
amount of informetion, not yet successfully coded, left over.

These coded dats are being used Lo represent messureble failure and
discomfort stress, and the relationship between stress and changes in the
task and response modele is being explored. This hses brought up questions
of the place of energy expenditure in group learning and of the sequence of
successive steps in adaptation. Adaptation seems to involve a compliocated
feedback process. When the task tecomes more difficult, the srew absorbs
somd disoomfort--making only those changes it can make readily-—in the task
podel. But this expedient may well add failure to discomfort Making [further
changes that are necessary—in the response model—requires a greater degree
of coordination. These changes require additional skill, and the time
needed to aocquire the needed skill may be another source of failure. As
the crew adapts to success:ve failure and discomfort in this way, the task
and response models gradually stabilige, much as an oscillating function
dampe.

But adaptation ia affected by many details not yet fully understood-—
extermal sonditions in the envirorment and intermal conditions in the
organisation {teelf that help or hinder learning. An example of these
conditions is the "grease pencils are no damn good™ symptom of stress. An
organisation's first reaction to stress sesms to be to blame axternal
conditions, faults of the equipment, and so on. At one point or another

during the experiments each crew blamed ineffective operation on the grease
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pencils it used for marking plots on the big movement board--the pencils
were too hard or too soft, they broke too easily, they weren’t the right
color. But complaints like these disappear when tho crew begins to find
vays of doing things that lead to better performance.

The anslogy between group learning and individual learning suggests the
substitution of the organiszation for the individual as the organiem in the
classical learning model when organisational adaptation is being considered.
In these air-defense experiments the organisatioci: has been treated &s a
unit rether than a collection of individuals, not caly in manuging the
experimental conditions but alsc in analysing the data &nd in ¥milding a
theoretical framework on the basis of the results. With this kind of formm-
lation the characteristics of individuals—their personality and skill--
appear only as qualities of the organisation. 3uch a formulation of group
learning seems consistent with such of the data and has some rather definite

implications.

SOME IMPLICATIONS

There are several implications of this research--most specifiocally for
personnel treining and selection and for human engineering. BEach of these
areas is related to one or more of the others, and in working out their
relationships it's not easy to know just where to begin. Although the
functions of equipment define the human-engineering problem, just what
equipment should do is difficult to spacify without the understasding of
system operation that comes from intensive examination such as thess RAND
air-defense studies provide. And #0 it is with esetting personnel-selection

standards. They can be set once the system is amalysed to see how much of
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the work the oquipment can take over, but here too & thorough study of
system opsréetion is needed.

However, some human-engineering and personnel requiremsnts can be
described quite generally. Once the importance of group learnifg is recog-
nised it follows that equipment and facilities should be arranged not just
to facilitate operation but also to help the men who operate the system
learn to use its full potential most rapidly. Or, more practically, since
specifying what these men are to learn is difficult unless the system oan
be operuted under the emergency conditions it was aesigned for, doing
anything that might hinder group loarning should be avoided. Communication
between members should be made as free and easy as possible. PFacilities
should be arranged so that each member of the group is given as complete a
picture as possible of the task and how the organisation is dealing with
it—in certral displays of some sort if these are feasible. Membars of
the group should be given a chance to modify their procedures. For exampls,
the msmbers of an air-defense crew develop priority systems for sinplifying
their task; if information handling is taken over by electromechaniocal
devices, the men who run the system should be free to modify the procedures
for using these devices to utilise them most efficiemntly.

Considering a system as an integral unit rether than as s oollection of
individuals says something about personnel selection. It suggests that, in
manning a system, teams rether than individuals should be selected—that
matching the individual to the job may be a part of the organisational
development process.

The need for system training has shown up in the difficulties of getting g

220 T8N

today's oomplex mam-machine systems to perform as sxpected. Reliance on
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the adaptive capacilities of the operetors is implicit in the design of
most of these systems, but unfortumately developing these capabilities m
that the system will perform adequately in an emergency requires experience
under critical stresses eQquivalent to those of an emergemcy. These experi-
ments have shown that system treining, wvhich can impose such stiresses,
does result in much more effective use of a system's resources—that it is
one way of making the full potential of a system available before an
emergency occurs. They have also snabled us to understand enough about
how the organisations developed in the laborstory to formulate a useful
principle that says: 7Train the team as & whule in an adequately simulatved
environment and give it knowledge of results. This technique treats the
organisation as & unit. It helps the organisation develop by providing
appropriate stress and the needed reinforcemsnt. Although an or-anisation
gets some idea of how well it is ding just by doing it, the more complete
the information about the results of its operation it gets, the more it
will be reinforced. A treining progrem, therefore, should facilitate
learning by providing a factual oritique which helpe the organisation
identify its difficulties. This training principle is presemtly deing put
to use in a particular training program—the System Treining Progrea RAND
is installing in the Air Defense Command.

The 3ystems Research laboretory has been looking at organimaticms in
s somewhat different way. It has considered them as integrel units and,
because of its choice of an organisation to study, it has been able to see
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the development process in sowe detail. Its approach seems to have quite a
bit of pro-ise for understanding and improving man-machine systems; it has
many implications, rot yet too specific, for integreting training, human
engineering, and persomnel-selection programs.

The results of the Laboratory's experiments with air-defense organisa-
tions suggest that one of the most important things in making these fantas-
tically ingenicus man-machine systems work is the use of human group-learning
adility to get the greateet possible utilisation of s system's resources.
They aleo suggest that the best way to find out how to use this ability is
in studies of complete sysi-ms.

The Laboratory's efforts to build a model of organisational behavior—-

s model that is still particular to a limited renge of human behavior—may
assist research workers by providing a cogent set of theoretical propositions
about human behavior that can guide them in studying broader areas of human

sndeavor.




