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of the Commanding General, United States Continental Army Command . The
Human Resources Re.earch Office , the George Washington University, operating
under contract with the Department of the Army, employs the Director of
Research and other civilian staff members who are assigned to the Unit with 

—the approval of Headquarters, United States Continental Army Command. The
Human Resources Research Office provides the Unit with technical supervision
in the planning and analysi. of the research projects.

Conclusions stated herein do not necessarily represent the official
opinion or policy of Headquarters. ‘Jnited States Continental Army Command ,
or the Department of she Army.
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IN~R0DiJ C~ION

Xn a tiorid of tver—increaaing automation , some of man ’s functions are

being restricted or curtai led while others are being extended. One of th~
most important of man ’s roles in any man-machine or automated system is
that of information processer • He must receive information and act on it

I by abstracting , categorizing, and structur ing the data so that it can be 
—

used or transmitted to other human or non-human system components. Man, as

one of the system components , also makes decisions. He makes decisions

each time he perceives, categorizes, or transmits information.

1 The importance to the military eatablialmient of understanding individual

I decision processes is almost self—evident. ~~ile it may be possible to ful].y

automat e a weapons system, it is less likely that the decision to use or not

to use the weapon, i.e., the coninander ‘a role as an ultimate decision—maker,
can ever be replaced. With an increase in the complexity and speed of modern

I warfare, both administrativ e and tactical decisions must, necessarily, be

I made more rapidly and will take into account a wider rang e of specialized in-
formation. There is also good reason to believe that more important, life-

I and-death decisions will be made at lower echelons of organization or opera-

tion than was the case in previous wars.

I Although research on decision processes has been relatively neglected

I in the past , there has been a considerable surge of interest within the last

decade . A recent survey, for example, located over 100 active projects on

I individual decision processes (9). It was noted, however , that some crucial

problems were being neglected. Although reasonably satisfactory progress is

1 being made with respect to deoision..~ a.Hs~g in operational games and other

T group situat ions, the survey team notes that inadequate attention is being

given to sequential decieion.~mk1ng, i.e., the more realistic operational
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I
I condition in which successive choices influence what future information be-

comes availa ble and each choice contributes to the perception of a long—

I range , developing goal. Equally neglected are studies clarifying the con-

I ditions for efficiency of decision~m~k4ng in different contexts of inforina-

tion scarcity and information overload, and the conditions of efficient so-

I lection or trR(n{r~g of individuals for decision-making. Fur ther, few de—

finitive studies of deoision~~~king under environmental or psychological

I stress are available ; this neglect is perhaps the most glaring since the

I 
military c~~~andera , in the most crucial of their activities , must perform

their functions with precision and wisdom under the stresses imposed by

combat——fear , fatigue, cold, hunger , and the like——as well as stresses ia—

posed by command and ~ñin1n(strative requirements——work overload, conflict—

ing requirements, ambiguous information, life—and-death responsibilities,

~ and the increased anxiety brought on by novel and complex environments

1 To deal effectively with such problems, the commanders must be carefully

trained. But trained in what ? Row should they be trained? I~ it even

possible to train a commander to deal more effectively with the unknown—to

make better decisions and to make them faster? At this time, answere to

such simple but basic questions are not available . If they are ever to be

had, a systematic program of research is demanded. It is hardly necessary

to add that no such program presently exists. Before such a program is under—

taken , however, the present status of our working knowledge about ocamand

skills, duties and tunotioi~s, i.e , ~r~~~~~ntI decision—~~~~~g, should be care—

determined, 4

Hcre, it ~~i~,oth relevant and of interest to note that most textbooks of

management science include the topic of deoiaion-~~k1ng in their definition

of manag ement (i i)  (44) . Many simply define management as “the art and
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science of decision-making and of leadership ( i i ) . ” Thus , throughout these

texts primary emphasis is placed upon the developsent of decision—making

~~~~
. I skills and proficiency in the use of the mathematical and economic concepts

and techniques which will result in improved decision quality and predictive

power. While there is still some disagreement as to whether the military

~~

‘ I commander is primarily a “manager” or something more—and thus qualitatively —

unique—there is little disagreement over the importance to both managers and

I commanders of decision-making skills.

I Traditionally, within the Army, conunand decision-making has been treated

under the rubric ‘estimation of the situation.” The procedure normally em—

I ployed is as follows:

1. Mission. A statement of the task and its purpose. If the mission

I is genera]. in nature, determine by analysis what task must be performed to

insure that the mission is accomplished. State multiple tasks in the se-

I quence in which they are to be accomplished.

1 2. ~~~ Situation ~~~ Courses ~~ Action.

a. Determine all facts or in the absence of facts logical asatiap—

tions which have a bearing on the situation and which contribute to or in-

fluence the ultimate choice or course of action . Analyze available facts

I. and/or asa~~ptions and arrive at deductions from these as to their favorable

or adverse influence or effect on the acocusplieheent of the mission.

b. Determine and list significant difficulties or difficulty patterns

I which are anticipated and which could adversely affect the accomplisheent of

the mission.

o. Determine and list all feasible ooursea of action which will ac-

ocmplieh the mission if successful .

3 

. - .
~~

- - — . -
~~ ~~

- -- — — — — - 



3. Ana]sais ~~ Opposing Courses ~~ Action. Determine through analysis

the probable outcome of each course of action listed in paragraph 2 c when

opposed by each significant difficulty ernsnerated in paragraph 2 b. This may

be done in two steps:

a. Determine and state those anticipated difficulties or diffi culty

pattern. which have an approximately equal effect on all courses of action .

b. Analyse each course of action against each significant difficulty

or difficulty pattern (except those stated in paragraph 3, above) to deter-

mine strengths and weaknesses inherent in each course of action .

4. Comoarison ~~ Q~~ Courses ~~ Action. Compare courses of action in

terms of significant advantages and disadvantages which emerged during

analysis (paragraph 3, above) . Decide which course of action promises to

be most successful in accomplishing the mission .

5. Deci~i~n. Tran slate the course of action selected into a complete

statement , showing ~~~~~, ~~~ ~~~~~~ 
where, ~~~~ and ~~~~ , as appropriate (15) .

Following this excellent advice is, of course , easier ~~~~~~ than ~~~~~~~

Attempts are made in each of the service branch schools and at the Command

and General Staff College at Fort Leaven worth to teach these principles and

techniques and to provide the officer student with a considerable amount of

practice in the form of both tactical and administrative practical exercises.

To what extent this system is successful in producing skilled tactical and

admini strative decision-makers is unknown. It can be safely concluded , how-

ever , that all of the graduates of this rather unsystematic program can tin-.

prove. There is also good reason to believe that in actual practice one or

more parts of the process may all too often be disregarded or poorly executed.

This asminption, of course , can be empirically tested and it might be worth-

while to do so, Also of interest, in this regard , i. the question of the4



extent to which systematic reinforced practice in each of the above steps
with abstract or simulated problems would lead to improved on—the—job per-
formance. Here, the question is simply how much practice is necessar y to
produce how much Improvement?

Despite the fact that such teaching does occur within the Army school

syatma, it should also be noted that intuition plays a large role in too
many on—the—j ob situations. While there is a place for intuition within the
total scheme of things, there in no place for it within the modern Army.
There are two fundamentally Important reasons for this. First , neither an

intuitive decision-maker nor anybody else knows actually what goes on in the

dark recesses of his brain, Consequently, there is little to say, especial-
ly anything that might add to another person’s powers of intuitio n . Second,

intuitive decisions are becoming leas useful in dealing with present—day
military problems. Many commanders in the past , who made decisions on the

basis of “bun ches , ” had intimate knowledge of military operat ions , often

built up over the years, and they unconscious ly drew on this background of

experience. With the orga nizational and technical military setting changing
at an accelerating pace and with problems becoming more complex, c~~~anders

of tomorrow can place less reliance on long experien ce with the problems they
must solve and the decisions they- must make.

Survey ~~ Exnerlmental Literature.

Since so many excellent reviews of resear ch in the area of decision—
m*k(ng have been published within the last few years (21) (49) , another re-

view of the area would seem to be unnecessary, Three considerations , how-
ever, justify the preparation of this survey . First , the previous reviews

have focused primarily on studies carried out in university laboratories

5
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under highly controlled but militarily unre alistic conditio ns. Second,

since the older reviews have appeared , several, new and important experimen-

tal research papers bearing on the military problem have been published, and

third, none of the previous reviews focused primarily on the few studies

carried out in a military or quasi-military environment under highly realis—

tic operational conditions.

At the outset it should be noted that the ultimate purpose of any future

resea rch in this area by this reviewer is to eventually contribut e to the

Army ’s capability of training officers and NWa in those skills relevant to

the mAking of tactical and admini strative decisions. Therefore , all of the

individual studies reviewed here were selected with this goal in mind. Any

survey , of course , must be selective and if the reader discovers several im-

portant studies have been slighted or overlooked , the reviewer can only

apologize for the omission and ask forg iveness for his cur sory treatment of

the truly significant .

Although a considerable body of theoretical literature on decision-making

is available , most of it has arisen frcm the economic theory of choice, game

theory, or statistical decision theory (7) (10) (49) . What little experi-

mental literature e~d,sts has been, too frequently , laboratory—bound , i.e.,

the extr eme simplicity of the laboratory situations end the ir frequent depen-

dence upon parametric aas~mtptione, e.g., utility, deterministic probability

estimates, etc., which do not e~d.st in real life . Thus , a great deal of

this literature is simply irre levant and fails to contribute to our under-

standing of decision-making in real life situations or to the developnent of

training procedures for improving the decision-a~k1 ng of the military ocamar~—

der .

6
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As Bertin, Regan, and Berry (7) have noted, “±he simulation of realisti c

situations and the collection of complete action records appears to present

the most satisfactory approach to the identification of factors involved in

the decision process as it operates in military situations.” Following a

rather intensive six months of “surveying the literature,” the author of

this proposal finds himself in wholehearted agreement . Therefore, after a

brief discussion of what is and what is not “decision-m aking,” most emphasis

will be placed on those studies carried out in a military environment under

fairly realistic conditions of simulated combat or other military operational

or system simulation conditions . Secondary emphasis will, be placed upon the

few studies in sequential decision_.mnielng, in decision—maldng under stress,

and decision-making under conditions of risk. These, it need hardly be

stated, are so far all of the “laboratory” type.

a. ~~~ j~ Decision—MAkinc’? There are so many definitions and delinea-

tions of a “decision” and the “decision—making” process available that the

naive and unbiased reader could easily conclude that those concerned with

the problem do not know what they are talking about. This conclusion is,

partly, correct . Our lack of knowledge and the diversity of approaches to

the subject matter have bro ught us to the point that almost any and every

type of cognitive activity has been described or depicted as “decision—

making.” Relatively few att empts have been made to separate or discrimtnate

between chance— or risk—taking decisions , pure choice behavior , thinking,

problem—solving , and decision—making. In economic theo ry, decision-making

is usually treated as simply the choice between completely expli cit alterna-

tives. Here , it is asst~ ed that the individual can assign a probability of

occurrence and a utility to each of the outcomes. In terms of the theory

the individual chooses his course of action in such a way as to m*~imi as the

7
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expected utility . For practical situation s , however , serious difficulties

are encountered . These troubles are concerned with the assignment of proba-

bilitie s and utilities to the var ious possible outcomes. Until considerab ly

more work is done on the problem of scAling utilities, relating subjective

estimates of probabilities , etc., this model cannot be adequately tested for

practical decision-making usage • That a few such steps would have been taken

in this direction seems highly likely. Anong the more interesting of’ these

attempt s is the recent study by Becker, DeGroot, and Marschak (4) .

Recognizing the problem of determining the uti lity function of a given

decision—maker and the insufficiency of rank ordering the decision—makers ’

preferences , as well as the inconsistency of the chocser ’s preferences , they

prop ose stochastic definitions of utilitie s in which probabilities (frequen-

cies) of preference choices become the basic data; the implications of some

of these models were derived, which enables the experimenter to decide

whether a given model is consistent with a set of data. They have also

worked out the appropriate statistical sampling tests.

For certain well—defined situation s, game theory provides a set of rules

for selecting a course of action from among the alternatives available • The

theory is not concerned with the problem of ~~~ an individual actually se-

lects a course of action in a situation to which the theory is applicable,

but rather with the problem of determini ng what course of action should be

selected. The rules for selecting a course of action are aimed at minim{z~

ing the loss. For most practical military situations, however , the

theory is of little help. For example, in a simple, sero—simi, two—person,

finite game the military crrimander 1) must know all of the alternative

courses of action available to him and to his opponent, 2) he must then be

a
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able to assign a pay-off value to each combination of his own possibJ s courses

of action with each of his opponent~~ courses of action , and 3) he must also

know and use the rules for select ing the course of action that wi.J, minimize

his maad.mtun loss or maximi ze his minimum gain. In real—life situations , even

if the commander knows all of the alternative course s of action available to

him, it is extremely rare that he would know even a ~~~ of the alternative

courses of action available to the aggressor. In addition , the assignment

of pay-off a to the var ious combinations of each of his own courses of action

rep resent s a requirement extremely unlikely of being met. A similar position

has been taken by Edwards (19) (22) . In the latter paper he states , “The

minimax pr inciple frequently encountered in the theo ry of games is so absurd-

ly conservative and therefore often so severely sub—optimal, that it does

not deserve serious consideration as a basis for rea l—life decision s except

under very unusual circumstances of a sort not worth examining here. ” Also

in this connection, the interested reader is encouraged to consult a recent

article by Rapaport (47) on the uses and misuses of game theory in practical

affa ir s.

For most decision-making situations faced by the average military offi-

cer in the course of his duty day, he rarely is req uired to make a choice be-

tween two completely specified alternatives. In the words of Berry (7) ,

“The recognition that a problem exists at all, and the manner in which meth-

ods to solve it are discover ed, are activities which in the laborato ry would

be described as “problem—solving,” but which in real life are inseparable

from the task of making choices between those alternatives that are per-

ceived .” Here , however , it is important to note that decision-making and

problem-solving are not the same. Psychologically , we re cognize as distinct

activities such things as conditioning , discr imination , creativi ty, learning,

9
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etc., even though each of these involves an orga nism start ing out from one

situation and producing one kind of a response rather than another kind . Aa

noted above, in the usual usages of the term decision—making , the alterna-

tives are given whereas in problem—solving they are unstated. Also in

problem—solving, the correct solution—once obtained— -may be ambiguously veri-

fied by referring to the criterion stated in the problem. Thia is usually

impossible for decision-making. It is possible to solve a problem, i.e.,

find the unknown alternatives and still be faced with a choice between them.

And vice versa. In the last analysis, all would agree that decision-making

is a matter of human judgment, and wherever human judgment is involved so

are alternate courses of action. Deoision-m~idng then can be defined as

the selection of ~ narticular course ~~ action where ~~~ nossibility ~~ al-

ternate courses exists. Included in decision—making are a].]. of those pro-

cesses which intervene between the statement of requirement for the action

and the final course of action taken. Among the more obvious yet essential

processes that can be isolated, identified and studied are the following:

a. Number and kind of action alternatives.

b. Amount, rate and kind of relevant information flow.

c. Individual decision—maker or psycholog ical variables , e.g.,

pr ior experience , reactions to stress , inte lligence , reasoning, judgment ,

willingness to take a risk , et c.

Most of the psychological, or descriptive, as opposed to the preacrip-

tive* research, has taken place within one or more of the three categories

above • The descriptive research is concerned with how human beings actually

behave when faced with a decision situation. Most of this research, however,

has been confined to exploring a few simple variable interrelationships

‘The ‘prescriptive” approach postulates a rational economic man or a
statistical model in terms of statistical decision theory.

10
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within the laborato ry. While the descriptive workers have recognized the

need for expanding their labors to encompass a wider range of decision-

making situations and to move in the direction of a more realistic study

of the known arid relevant variables, so far their efforts have been few and

far between . While the results of some of this work are of value to the

military, the kinds of decisions in which any error of judgment is intoler-

able , e.g., the combat situation , have been generally overlooked . Studies

of decision-making and the decision—rele vant information—pro cessing situa—

tion under realistic operational conditions are few in number. Investiga-

tions of the handling of sequential decisions under condition s of high risk

and intense stress are missing. Little is known about subjective (Bayesian)

as opposed to obj ective probability and utility as they bear on real life

situations • Studies of the multiple—alternative situation and the effect s

of increasing and decreasing the range of action alternatives are clearly

indicated, Further research in which cos*nanders can trade off the cost of

delay against a gain in certainty should also prove fruitful . Further

suggestions for research will follow the review of the few studies that

have attacked some of these problems in the military and other real—life

situations,

b, Simulattonal Studies ~~ Decision-Making ~~ Military ~~ ~~asi-

Military Situations. One of the earliest studies in this category was per-

formed by Hayes and ~nith of the Naval Research Laboratory in 1960 (25).

In studying the various aspects of the decision-making process, Sa were re-

quired to make tactical decision besed on three variables——speed , distance ,

and number of airplanes—in a simulated air-defense situation . The experi-

mentally varied factors were 1) the amount of trade -off required for de-

cision (correlation) , 2) the adequacy of the forces available to the

11



decision-maker (adeq uacy) , 3) the form in which the informatio n was dis—

played (arrangement) . The dependent factor was decision time . Although

they ooncluded that “at least some properties of complex decisions can be

described without recourse to economic theory,” in a second study (
~ )

these authors had Sa dispatch defense squadrons to intercep t an aerial raid-

ing force . The choice lay in the selection of the particular squadron,

among nine possibilities, to be dispatched. These squadrons differed from

each other in eight independent dimensions • Considered from a utilit y view-

point,1 the task in making this decision was therefore to combine the utili-

ty derived from each of these eight dimensions . No attemp t was made to

scale the utility of these eight attribute s, nor did they assume on a priori

utility scale • TI~e preferred choice was empirically determined when the Ss

were informed of ànly two of these attributes . The squadrons were then

arranged so that the four pairs of attributes, separately considered , all.

indicated the same choice as was made by pretest Sa. Based upon information

regarding two, four , six, or all eight of the attribute s, Ss were then given

trials in which they had to dispatch squadrons. While the additiona l. informa-

tion apparently converged upon a single choice , knowledge of the value of

the additional attributes did not improve the certainty with which the Ss

made their choices. Though the additional information made the choices

slower , it did not make the selection more accurate ,

1To make a decision according to the simple theory of economic choice,
the task is simply to determine the uti lity associated with two event s and
to select that which has the greater utility. It is not even necessary to
have a cardinal expression for the value of the uti lity, provided the two
can be placed on an ordered scale. A recent review by Edwards (19) of stu-
dies in utility theory has shown that the behavior of individuals is only
grossly consistent with the underlying utility table or indifference map
supposed by economic theory.

12
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In a problem similar to the Hayes and ~nith work , Doughty (16) used an

air—defense simulation system which presented target information under

realistic air-defense operational conditions . His exploratory work with

this simulational equipient studied the change s in a number of behaviors as

a function of an increase in the operator load . As Doughty has noted , the

developuent of complex systems which provide for human control has meant

that for some of these systems the inputs and outputs of the human decision—

making function may be very elaborately specified . Exact definitions of

what must be done in each of a large number of different decision situation s

can be made,

In a highly complex and realistic simulation of an air-defense direction

center , Sweetland and Haythorn (55) performed an analysis of the required

decision—making functions and systematically varied dimensions of the tot al

task. Their intent was to discover relationships between the variable task

dimensions and crew behavior , Using six exper imental variables: 1) class

of tracks, i.e., penetrating, local , or outbound; 2) density of air traffic;

3) crews ; 4) watch period ; 5) experie nce with same traffic density, and 6)

distribution of traffic load among war ning sites. Several sessions and

several problems they studied a) the number of tracks carried, b) the per-

centage of tracks carried , o) the number of items of task -oriented behavior,

and d) the average task—oriented behavior per track carried.

In general, they found that the crews maintained the “important” tracks

and ellm1riated the unimportant ones. The increase in track load also caused

the eliminatio n of nonessential behavio r . Only mixx r differences were noted

between the crews in their performance. They concluded that there are at

least three major element s in a large decision-making system: 1) Reality

modeling; 2) model analysis; and 3) energy level. When reality is too

13
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complex to handle directly, Ss tend to construct models of the reality .

This construction is essentially an inductive process and gives a simpli-

fied pictur e of the realit y. Next , Se analyze this model to determine

what resp onses should be made. This process is essentially deductive .

Pervading all this appears to be a norm that declare s how hard the group

or system will (or can) work to obtain the ob3ectives. This tends to re-

main constant . If it happ ens that realit y intrudes a heavier load than

this normative rate permits, the least important activities are pruned ,

techniques are made more efficient , or better techniques are devised, They

also suggest that , for complex systems, the systems analysts determine

which areas are in need of decision rules and set these up in a positive

form, e.g., “Do X only if A is black and B is large (if A is not black and

B is not large, do Y).” Meeker, Shure, and Rogers (42) have constructed a

chart which describes in detail the information flow required during the

making of decisions by a SAGE sector battle staff.

The value of this sort of work lies in the precise specification of

the information inputs and the outputs which must result if the human tune-

tions are successfully completed. Thus, many of the things entering into

the individual decision process can be made explicit. These same research-

ers have also shown there are various kinds of decision-making “styles”

that occur in milita ry cosamand settings (50) . Based on observation s and

transcriptions of five air defense exercises , four 3-man (non-military)

cosinand staff s were rated by observers, self , end team members on items

assessing individual and group decision-making. Fifty-eight item profiles

characterizing each subject were intercorre].ated, factored , and rotated to

an orthogonal criterion. Four decision—making types ( factor a) were identi-

fied : (a) apprehensive — lainature, (b) group facilitator , Cc) conservative—
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analytic, and (a) milita ry field leader , Although the Ss wer e not military

personnel working in a military setting, the results are of quite clear ly

considerable practical importance.

One of the most realistic investigations conducted under military opera-
tional condition s was a series of studies completed by the Air Force Opera-

tional Applications Laboratory. The first major experiment in the series

( 24) was concerned with the effects of over-all task load upon the perfor-

mance of “tactical decision.-makers ” in an air defense center under circum-

stances where the information supplied them was essentially complete and

correct , In addit ion , the threat s which they were required to evaluate

and countera ct were of a conventio nal , air—breathing sort . The major task

of the N oommandersfl was the selection , from a varied inventory of varying

size, of an appropri ate choice of counter weapons, where the outcome of

any action was more or less uncertain. Actual evaluation of threat in

relative or absolute terms was only a ama.U part of their jobs .

The second study (12) , similar in nature and design, studied the effect s

of the man—machine decision-.majcers of two additional variables besides

sheer task load . One variable consisted of two levels of threat——slower,

lover altitude, somewhat less “lethal” vehicles on the one hand and faster,
higher altitude, more lethal vehicles on the other , The other variable con-

sisted of a wide variety of kinds and amounts of information reliability .

B~~h of these additional variables were intended to sample the effect s,

on tactical decision-.mald.ng, of threat evaluation and action selection

situations which were more “futuristic ” (in terms of weapon performance)

and more “realistic” (in terms of surveillance system performance ) than

had been the case in previous experiments. The first major experiment was 



intended to eatabliab, in part , some “base—lines” of deoision..inakitig perfor—

mance. The second was intended to ascertain the above effects, if any, and to

obtain some insight into the widely known abilities of men to make surprising—

ly good use of unreliabl e and incomplete informat ion . In this study, five

highly experienced Sa were required to perform threat evaluation and action

selection functions under aerospace surveillance loads of from 60 to 96 in-

coming tracks . Other infl~~ntial conditions were the overall flight perfor-

mance level of the threats and the quality of the surveillance data presented

to the experimental commanders • Task load proved to be the moat generally in-,

fluential condition. As the task load increased, there was increased weapon

consumption, an increasing but negative ly accelerated rate of kill or threats ,

increasing and positively accelerating amounts of damage and increased reac—

t ion time . The load build-up rate beyond which commanders began to lag behind

in the selection of counteract ions was found to be of the order of 5 — 6

tracks per minute • The performance level of the incoming threat did not pro-

duce clear—cut evidence of effe cts upon the coimnender ’s success at their tasks .

Tracks whose position and identifying/descriptive data were 50 % — 60 % con—

plete and correct were handled in about the same way as tracks rep resented by

perfect information.

The commanders made only ~mRll numbers of inapp ropriate action selections.

While the load range that was tested began to cause deterioration of action

selection performance, no drastic break point was found for any measure , It

was noted , however , that c~~~anders based their action s upon only the broad-.

eat criteria , e.g., threat vehicle class, and did not or were unable to make

fine discriminations of relative or absolute threat.

Both of the above studies were designed to study a complex, realistic and

militarily relevant decision-making situation as opposed to the simpler ,

16
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“neater , ” and more tight ly controllable situations which have been the forte

of the more basic, academic and theoretical. endeavors , The same rationale

and philosophy also governed the work of Berry (7) in his study of decision-

making in a Naval Air Squadron. In order to provide a basis for the develop-

ment of training materials for those decision-making tasks which may frequent-

ly face naval officers , a situational test was developed involving simulation

of some of the duties of the Squadron Duty Officer . Result s of a pre liuii nary

study, using 20 officers, indicated that ratings of the intermediate steps in

the process by which the decision was reached could be made reliably , and the

comparison of methods apparently used by the offi cers with those that seemed

desirable on theoretical grounds suggested several topics that should be in-

cluded in the develorinent of training materials.

According to the author , training should include both generali zed and

precise examples of the decision complex, and identification of good and bad

decision-maldng practices can be used as a basis for training. In particular ,

cont inuous and conscious review of the desired goal and the asking of ap-

propriate questions are essential for good decision—making and should respond

to tra ining. Although the requireme nts for mechanical and human decision—

making are not mutually recip rocal, certa in computer strateg ies appear to

hold when translated into the human context.

Another study by Kidd and Boyes (30), using college students as subjects

but conducted under quasi-military conditions, is of some interest. Using

three—man teams in a simulated tactical milita ry operation , differential

levels of information input distortion and observer overlap were compared.

They found that input distortion degrades decision-making speed and accuracy

and that the increased intensity of coverage provided by observer overlap did

not moderate this effect . Detailed analysis of the activities associated with

17 
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the information processing function were also made. They concluded that

system simulation techniques do allow for controlled investigation of many

sorts of evanescent social situations.

As Simon (53) has pointed out , a theory of decision-making must eventually

consider the activities of acquiring and processing the information that pre—

cedes decision; it cannot assume and thus leave unexplained the basis for

choice. The omnipotent rat ionality of economi c man ’ must eventually be re-

placed by a concept of rationality which considers the capacities of the

organism for assimilating and organizing information and the information

state of the organism at the time of decision .

Unfort unately, once the boundaries of decision-maki ng are extended to

include information acquisition and processing activities, a host of theoreti-

cal and empirical issues are raised . On the basis of what information does

the individual, reduce the large set of’ alternatives in a decision situation

to a set of feasible alternatives? What environmental cues determine the

set of outcome s or consequences that are selected for consideration? How

are tentative decisions generated end modified as information is acquired?

How do the paramet ers of the infor mation input and personality variables

affect the amount of information acquisition before decision?

c. Studies ~~ Seouentj .~~ Decision—Making . Unfortunately, most of

the experimental work in the field of decision—makin g has dealt with simple

aorta of choice situations. Here, in the typical study, S is given a certain

amount of information and then is asked to make a choice between alternatives

~Acoording to Edwards (19) , economic man is assumed to have the following
properties: a) he is completely informed. He knows a].l action alternatives
and the entire set of outcomes which could result fran each action . b) He is
infinitely sensitive • He is able to distinguish among subtle differences in
alternatives and costs, no matter how sanill. c) Ha is rational . He can ex-
press preference orderings for all outcomes. These preferences are invari*b]y
transitive. He chooses so as to ma~~mise acme value (e.g., expected utility) .
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A and B. Sequential decision-making, however , is obviously more complex.

The subject not only attempts to choose which alternative is correct but

also must decide when he has sufficient information to make a choice. At

any point in the decision process he may choose A or B or seek more informa-

tion.

)iost important real life situations are of the sequential sort • The com-

bat commander , for example , must choose between two or more tactical plans.

If further intelligence can be obtained the c~~unander must decide whether or

not to use the information avai lable or wait until more is received. If he

decides to wait , his decision may be more correct but if he delays too long

he may lose the engagement or may lose the advantage of acting quickly. At

some point the commander must decide that the value of the information to be

gained is not great enough to require waiting for it before making a decision,

Although most studi es of sequential decision-making have been of the

statistical variet y (20) (29) , several more behavioral oriented studies are

available . One of the more interesting is a study by Pruitt (46 ) which in-

cluded two types of sequential decision-making tasks. In the first task , S

took his information from a machine which flashed lights randomly either in

the proportion of 60 per cent red and 40 per cent green, or 40 per cent red

and 60 per cent green. Each t ime S pressed a button either a red or a green

light would go on. Though two variation s of this task were employed, in

both variations S was required to decide which of the settings had app eared.

The second type of task was the judging of length of a line. Two lines were

presented on each of 20 slides. On all the slides, the line on one side

(either right or left) was consistently the longer. S had to decide which

line was longer after looking at any number of slides up to 20. In some of

the task repetitions, S was scored according to a point system. The less
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information he required before maki ng a decision , the more points he scored.

Infor mation in the machine task was defined as the difference between the

number of red and green lights. Information in the line judging task was de-

fined as the number of slides sees before a*~ctng a decision .

The result s showed there was a significant correlation between all the

task variations in the amount of information sought , and that the effect of

the incentive was to redu ce the amount of information which the Sa requ ired

before making the ir decisions.

In a follow—up study of Pruitt ‘a work , bbrley (61) tested the effects of

high and low incentive (money) on information seeking behavior in sequenti al

decision-maki ng situations. Three type s of decision-making tasks were used:

1) a dice task , i.e., finding a “crooked” die by means of sucoessive throws;

2) a marble task , i.e., deciding which of three jars of marbles contained the

most red marbles; and 3) a clues task , i.e., locating a specific obj ect by

means of successive ly more revealing statements about the object . Wor ley

hypothesized that (a) a high level of incentive would cause Ss to seek less

infor mation than would a low incentive , (b) amount of information sought on

one type of sequential task would correlate with that sought on other type s

of tasks , (c) the correlation of information sought in one task with informa-

tion sought in another task would be higher under the high incentive condi-

tion than it would under the low incentive condition .

The results failed to confirm the first and third predictions , i.e.,

increasing the incentive increased the amount of information sought . The

second predi ction , however, was confirme d in that the amount of information

• sought correlated significant ly between the different types of task and the

correlations were in the predicted direction .
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In another study of information seeking in sequential decision..makl ng,

Roberts (48) studied the relation between level of anxiety and information

seeking. Part of the study was designed to determine whether the correlation

between anxiety and information seeking (14) would be obtained if a different

test of anxiety and a differ ent sequential decision task were employed. The

second part of the study tested the specific prediction that Ss who had just

experienced failure in atte mpting to solve a series of problems would seek

more information in subseq uent sequential decision-making than would Sa who

had experienced success in attempting to solve an equal number of similar

problems . Roberts ’ result s failed to confirm the earlier correlation between

anxiety and inform ation seeking . The second prediction—that failure would

tend to increase anxi ety and success reduce it——was confirmed , but the ex-

pectation upon which it was based was not.

More recently, Lan setta and Kanareff (31 ) mad e an attemp t to determine

the effect s on information acquisition of varying the cost of information ,

the payoff for a correct decision , and the level of aspiration for perfor-

mance . A secondary consideration was to examine the extent to which $~~1 nor-

mal behavior was consistent with the “rational man” concept . Here their

basic assumption was that Ss will acquire that amount of information or per-

form that number of information seeking responses , which maximizes their ex-

pected profit or maximizes the probability of a payoff . Using money as an

incentive and a series of 25 problems each having several alternative choices,

they found that the number of information seeking re sponses did not appear

to be consistent with an expected value maximization model , altho ugh Ss did

behave with some concern for expected profit . Also of interest was the fact

that low information seekers spent more t ime in processing initial data and

in making a decision . This outcome is hard ly consistent with the usual con—

ception of a “confident” decision-maker .
21 
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Clearly , additional work on the relationships between anxiety and other

personality correlates , incentive s, information seeking and the speed and

quality of sequential decision making is urgently needed . Without presuming

too much about the nat ure of the psychological processes involved, it seems

reasonable to assume that the total avai lable time for decision-making can be

divided into two components——time spent in information processing and time

devoted to informat ion acquisition . In a forced—p ace task the time spent in

acquiring informat ion must of necessity reduce the time available for proces-

sing it , i.e., reading , selecting , comparing. As the pool. of availab le in-

formation increases or as the difficulty of understanding the information

increases , the value of acquiring further information would pre sumab ly de-

crease while the value of processing time would increase. In general , then ,

one would predict less time devoted to information acquisitio n the greater

the amount of infor mation currently availab le, with the termination point of

information seeking being a fun ction of the difficulty of processing the in-

formation . If Ss differ in their ability or motivatio n for information pro-

cessing, they should differ in the relative amounts of’ time allocated to

processing and acquisition . Is it true, as the results of Lanzetta and Kana—

reff ’s study suggest , that the more secure and confident personalities require

less information before making a decision?

At present , reliable , generalizable, and useful knowledge about human

behavior in sequenti al decision situation s is non-existent. Theory is, of

course , in equa lly dire st~’aits. Part of the difficulty in re conciling some

of the experimental re sult s with exist ing decision theory , information theory ,

instrument al conditio ning or S - R re inforcement theo ry stems from our lack

of knowledge about what specifically is re inforci ng the acquisition of in-

formation . As many workers have asked, MIs the reinforcement a payoff?” Ia
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it a reduction in uncertainty or anxiety? Or is i.t both? Do Ss differ in

their responsiveness to a payoff versus uncertaint y reduction as reinforcera?

Obviously, more experimental work is needed.

d. Decision-Makin2 Under Co~ditiona ~~ ~~~ The problem of

decision—making under conditions of risk has been approached from two points

of view. The first app roach has been characterized by attemp ts to derive a

mathematical model for risk—taking. To date, all of these models are similar

in that the individual ’s expected value of a bet can be quantitatively deter-

mined by multiplying the value of a payoff times the probabi lity of obtaining

that payoff . The models differ in that the measure of the value of the pay-

off can be objective (objective utility) or subjective (subjective utility).

Objective utility is measured in terms of some quantity such as dollars,

whereas subjective utility refers to the psychological value of the quantity

to the individual . The measure of probabilit y can also be objective ly or

subjective ly defined in these models. Objective probability refers to the

actual probabilit y of winning or losing, while subjective probability refers

to the individual ’s estimate of’ the probability of winning or losing. The

latter may or may not correspond to the objective probabilit y.

Of’ the various models that have been proposed, four representative types

will be discussed. A basic assumption of a].l the models, however, is that

the individual will behave in such a way as to nia ,clmi ze the expected value

of a given outcome. Bernoulli (5) in one of the earlier models assumed that

the individu al selected a given alternative on the basis of objective utility

and objective probability . In a second model this same worker asserted that

individuals made a choice on the basis of’ objective probability and on the

S’ s est imates of its utility, i.e., subj ective utility . Unfort ~*nate ]y, this

model proved insufficient to predict human decision-making under risk.
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An objective definition of utility and a subjective definition of pro—

babi].ity forms the basis of the third model offered by Coombs and Pruitt (14) ,

although Edwards (19) earlier found this third model unsatisfactory, arguing

that both utility and probability be subjectively determined. As one would

expect, these concepts are quite difficult to measure and the problem of

scale strength is unsolved, i.e., measurement of S’s estimates of probability

and utility require a scale stronger than ordinal but weaker than internal.

Cociubs and Komorita (13), in an attempted solution have proposed an ordered

metric scale for individuals’ preferences. Its value remains to be seen .

Alternative concepts which modify the basic assumption that individuals

behave in a manner that will maximize the expected values have been proposed

by several worker s • Edwards (17) (18) , for example , found evidence for pro-

bability preferences among betters. Some Ss preferred bets with a .50 pro-

bability of winning and avoided bets with a .75 probabili ty. Coombs (i 4), in

this regard , has argued that such preference s are confound ed with variance

preferen ces. By this he means that the Ss base their decisions not only on

the expected value and the probability preference of’ a bet , but also on the

dispersion of the possible outcomes. Some people seem to prefer to bet less

and win less than to bet more and win more, whereas others prefer the reverse.

For a given expected value , therefore , an S may have a preference for a cer-

tain amount of variance. Although Coombs (14) has demonst rated the existE nce

of such variance preferences, the relationship between these variance and

probabilit y preferences rema ins unclear.

The second maj or app roach to risk—taking behavior considers this behavior

a depend ent variable . Accordingly , most of the effort has been directed

toward personalit y variables that cor relate highly with risk—taking. One of

the principal investigators in this area, Atkinson (1) ,  has not only exp]~red
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many of these personality corre lates but has also developed an intriguing

theoretical model to encompass the motivational factor s influencing risk— —

taking behavior • In Atkinson ’s view, those individuals who have a high moti-

vation to achieve success (high need achievers) would prefer bets with an

intermediate probabilit y of success , whereas those who have a high motivation

to avoid failure (high fear of failure) would prefer bets with a probabi lity

of success near 0 or 1 • In one study employing McClelland ’ a Need for Achieve-

ment Test (39) , he found that persons scoring low tend to take more risk and

persons scoring high tend to take less risk. In another series of studies of

the relationship between achievement need and task diffi culty, Atkinson and

Litwin (2) , Atkinson, Bastian, Earl and Litwin (3) , and Litwin (33) , found

that Ss with high need for achievement chose to work on tasks of moderate

difficulty more often than Sa with a low need for achievement . Where the

skill of the person is involved such facts seem well established, but in

situations where the outcome depends entirely on luck, the evidence is not so

clear—cut. In one of these studies cited above (3), it was noted that Ss

with a high achievement need showed a definite preference for bets under in-

termediate odds as compared with very short or very long ones. Litwin (33)

also found that Ss with high achievement need showed a greater preference for

intermediate odds when the outcome depended on chance . Litti g (32) , however ,

found quite a different trend in using poker hand s and with real money at

stake • Here those Ss with high achievement need definite ly and consistent ly

preferred the shortest odds they could get , i.e., the safest beta. Thus, in

a tr ue gambling situation , Sa with high achievement need preferred the high-

est probability of success. Ss with low achievement need seemed to prefer

the long—shot and especially when there was a lot of money to be won . Littig ’.

results are more in line with Atkinson ’s general theory and Atkinson , in
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recognition of some of the discrepancies (particularly the fact that Ss with

a higher achievement need somet imes show a preference for tasks of moderate

difficulty) has proposed a model sho~4.ng the interaction of achievement need

and risk—taking . Atkineon first assumes that the incentive values of an

achievement, i.e., the relative amount of satisfaction to be experienced in

any personal accompli shment is a positive function of the difficulty of the

task. Difficulty is represe nted in the model as decreasing probabilit y of

success (P3) .  If , for example, Task A is difficult (i chance in 10 of suc-

ceeding or 9 in 10 of failing) whereas Task C is quite easy (9 in 10 of auc—

ceeding or 1 in 10 of failing), incentive value is then assumed to be a simple

inverse function of the probability of succeeding, or 1 — P3. When the pro-

bability of winning is high, an easy task, the amount of satisfaction ex-

perienced in winning is low. When the probability of winning is low—a diffi-

cult task-—the amount of satisfaction in winning is high. Next, it is as-

s~.m~ed that the extent to which motivation is aroused to app roach any goal is

a joint function of the probability of goal attainment (P 0 ) and the incentive

value or amount of satisfactio n accompanying attainment of that goal . Thus ,

the tendency to prefer or approach the difficult Task A for Ss with a high

motivation to achieve (Ma) is the product of the probability of success (P 5),

times the incentive value of success (i — P5) or (I s) times the strength of

the motive , or Max P5x I~~ approach. From such assumptions, it follows that

1) the tenden cy to prefer or app roach a task will be greatest when it is of

moderate difficulty and will be less for either very easy or very difficult

tasks , and 2) the stro nger the motive to achieve the greater the differential

preference for tasks of moderate difficulty . The model provides a concise

descrip tion of what app ears to be going on altho ugh McClelland (41) has sug-

gested a modificati on to better handle what is called “perceived probability

of success. ” 26 
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Wi tie it seems well demonstrated that Sa with high achievement need

prefer tasks involving some objective risk and work harder at such tasks,

we might ask: does this make them better decision-makers? Do good decision—

makers like to take risks? Do they see themselves as tAki ng greater risks?

In psychological terminology, we are talking about “perceived probability of

success.~ Here , also , the evidence is good that Ss with high achievement

need tend to perceive their probability of success as greater , particularly

when there are no facts to justify their estimates. Atkinson, originally,

called attention to the fact that Ss who are high in need achievement tend

to feel that their chances of winning are actually better than the stated

odd s ( i ) .  For example , they state higher levels of expectation for perfor-

mance of’ a task at which they had no previous experience , and when the objec-

tive evidence is conflict ing as to how well they are doing in a course , they

tend to overe st imate more the grade they will get in it than do Ss with low

need achievement ( 1) . There are, however , situation s in which Ss with high

need achievement do not overestimate subjective probabilit y of success. When

they have pretty good knowledge on the basis of past performance how they

will do in a course , they base their est imates on that knowledge (40) . Fm—

therrn ore , Litwin (33) found that in the ring—toss game when his Ss were asked

to estimate how many hits they would make from each line after nractioe, they

did not show a greater perceived probability of success than the Se with low

need achievement , The difference between these situations and the earlier

one s seems to lie in the greater number of cues in the latter situations on

— which the subjects can base a realistic estimate of how well they will do .

In other word s, the more unknown the situation which demands their achieve—

ment , the more self—confident they are as contrasted with the Se with low

achievement needs . As the reality cues become available they tend to base

2?
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their jud~~ients on these cues, They are not impractical “dreamers ” over-

estimating their chances of success at everything; instead, they rely on

facts so far as they are available , and then fall, back on generalized self...

confidence, The difference can be readily explained in terms of Atkinson’ a

model. When there is accurate knowledge of the difficulty of the task , they

choose moderate r isks or perceive themselve s as able to do a little better

than they have done. When there is no real knowledge of how well they can do,

it is as if difficulty (P5) and hence incentive value of success (i — F5) are

based on generalized expectations divorced from their own performance poten-

tial. Further, it is as if this generalized knowledge of difficulty (P 5)

continues to determine incentive value (Is) but does not itself enter into

the equation so that the resultant approach value is a simple product of

Max I~ . Since Ma is higher for the Ss with high achievement need , they

should be more self-confident or show a greater app roach tendency whate ver

the perceived difficulty of’ the task. When they know better how well they

can do , the part of the P~ value affected by their performance potential en-

ters in, and their preference becomes more modest and realistic. Accordingly,

MeClelland (41) has suggested a fruitful modification of Atkinson’s model in

the dire ction of splitting the P5 factor into a component based on general

knowledge of the difficulty of tasks and another component based on knowledge

of one ’s own competence at a particular task. McClelland suggests the follow-

ing revision in the formula:

Approach = Ma x P51 x I~
Where ~~ = P51 + P82

2

And P~1 = Probability that I will succeed based on my
past performance

I’52 = General estimate of the difficulty of the task .

28 
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Thus, when P51 is unknown , app roach becomes in effect a simple function

of Ma and P32.

Two other findings deserve mention, As noted earlier , Litti g (32) found

that Se with high achievement need do not overestimate their chances of Win-

ning in a gambling game. Scodel, Mines and Ratoosh (51) also found that

persons high on need for achievement bet more conservatively (low risk) than

those low on need for achievement. The high risk—takers in this study, how-

ever , achieved a lower fear of failure score on the Wi]j.erman test (60) than

did the low risk—t akers. In addition , intelligence was not significantly

related to degree of risk—taking and Sa who were sophisticated about proba-

bilities and expected values were no more likely to maximize expected dollar

value than others , They concluded that low-payoff betters as compared to

high payoff betters are a more other-directed , more socially assimilated ,

and more middle—class oriented group.

In general , the results of all of these studies point to the fundamental

importance of personality var iables in risk-taking. Any theory of risk—taking

that ignores these variable s will be grossly inadequate as a model for pre-

diction . A note of caution is , however , in order , Not only is it obvious

that there may be additional personality correlates of risk—taking yet to be

discovered , but also a recent study of converg ent validity by Slovic ( 54)

indicates either that few of the so—called risk—taking measures actually

measure the trait or that “Willingness to take risks may not be a general

trait at all , but rather one which varies from situation to situation within

the same individual ,” For example , the confident individual may have the

conviction be can modify the outcome of an uncertain situation by his own

personal ability . If the outcome depends on luck (as may an honest gamble)

rather than skill, he baa no basis for confidence . If the outcome is clearly
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predictable on the basis of his past performance (swimming a river when he

can ’t swim) , he also has no basis for confidence • It is only in relatively

new situations where the outcome depends on him that his willingness to take

a risk will show up most clearly. The modification of the Atkinson model

referred to earlier might be able to predict quite readi ly this behavior .

A test of this model is certainly worth the try.

In any event , the role of the Army comnander in many of his activities

calls for decision-making under uncertainty. If there is no significant un-

certainty and all that is required is the application of knowledge , or learn-

ed principles, or doctrine, in order to produce a desired or predictable re-

sult , then risk—taking cannot be said to be involved. True, all hunan acti-

vity requires decisions and some degree of uncertainty, but the degree of un-

certainty surrounding the construction of a bridge according to sound en-

gineering principle s is measurabl y less than for the Army cossnan der who must

decide whether to employ a Davy Crockett or conventional firepower . On the

other hand , military coimnanders are not ordinaril y regarded as gambler s al-

though the professional “card shark ” certainly makes decisions under uncer-

tainty . Analytically, the distinction is an important one . It does not de-

pend on the fact that the gambler is operating under longer odds than the

coamander . The chances of success in some military operations may be on the

average less than the odds under which some gamblers play. The point is that

the gamble r can exercise no control over the outcome (unless, of course, he

cheats) whereas the cosinander can influence by his order s whether his de-

cisions will turn out in the long run to be successful or unsuccessful.

There is, thus, a continu~n running from a situation of little or no risk

in which the required action is governed by rules doctrine, or specialized

knowledge to situations in which there is no pre cedent or knowledge to guide
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one as in tkie case of a perfe ct ly balanced coin toss. On such a continu iin,

the military commander falls somewhere in the middle . He is often caUed

upon to make “calculated ” or moderate risks in which some skill and some luck

are involved. The important and ‘to—be -thankful—for ” fact is that in such

moderately risky situations the outcome depends more clearly on his skill and

knowledge than in the case of either extreme. At the doctrine end of the

continuum, the caxmander need do only what anyone with the proper skill or

knowledge can do, whereas at the gambling end , nothing he might decide upon

will influence the outcome since by definition it depends entire ly on factors

outside his control .

e, Decision-Making ~~~ Stress. As noted above , for the Army or

military commander the kind of risk—philosophy he characteristical ly adopts

should be of considerable practical value to those concerned with assessing

his qualifications for sensitive and critical command assignments. Another

facet of equal——if not greater—— importance is the commander ’ s capability or

abilit y to perform under stress. Certainly, it is evident that many life-or —

death or other equally crucial decisions will, have to be made under pressure

of time, work—load , emotional upset , combat emergency , or the j aundiced eye

of an irate superior . While there is some disagreement about the definition

of psychological stress and its general relation to anxiety and anxiety

states , it can be legitimately regarded as the state of an organism produced

by some condition or event which threatens the physical or psychological well-

being of the organism. It is also perhaps useful to discriminate between

stress and general anxi ety. It is, of course , quite normal to be conoerned ,

solicitous , worried and restless about one a everyday problems. Fearful an-

ticipation of potential unpleasantness is not only rea sonable but it also
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warns us of trouble • Such emotion is necessary to motivate one to accomplish

things and this desir e serves , on some occasions, to further increase the de-

gree of normal anxiety. It is this normal anxiety that gets us out of bed,

keeps us on the job, makes us meet our responsibilities , and drives us to do

our beat. When one is ambitious , one has considerable anxiety. These feel-

ings of insecurity, lack of self—assurance and confidence are normal and are

usually alleviated when the goal is reached . If one is able to control them,

worry and anxiet y can be very useful. When anxiety becomes excessive, how-

ever , it is analogous to steam under pressure and when it explodes it may

attach itself to any Bituation in the individual ’ a Life, producing agitation

and tension which may be converted into pathological fear s or physical symp-

toms • The primary difference between stress and general anxiety lies in the

nature of the threat , whereas a stressor is usual ly overt, well-def ined, and

known to the individual, the cause of anxiety is covert , ill-defined , and

vague , and not known to the individu al. Although the definition of stress

is at variance with other definitio ns , it agrees well with the definition of

the physiologist Selye who has described a set of physiological changes by

which one can infer that an organi sm is in a stat e of stress. Obvious ly,

direct threats to the life of an organism are the most potent of the vari-

ous stresses that might be applied . There are , however , many negative as-

pects and exper imental difficulties involved in the experimental use of such

threats and such extre me means should not be used unless the experimental

study demands this sort of criteri a, as——for example—was demanded by the

study of combat stress performed by Berkun, Bialek , Kern and Tagi (6) .

Within the labor atory , extreme temperatures and other unpleasant environ-

mental situations, information overload, the stress of achievement failure,

fru stration of aspiration and similar threats to the integrity of the ego
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have often been used to produce stress in lieu of threats to the individual ’s

life • Except in rare and infrequent combat situations , it is unlikely that

the result of the commander ’s decisions I s a life—and—death matter to him

Dersonally, even though it well may be a life-.or ..deat h matter to other indi-

viduals within his command.

The studies of decision-making wider stress are few in number and none

of them have any direct bearing upon decision~n~Hng by an Army ocao~nder in

a military situation. From the few studies available, it can be concluded

that the effects of stress on decision-mAking behavior depend largely upon

its intensit y, the S’ s level of motivation , and the requirements of the de-

cision-making task. Mild stress may facilitate decision-making. If the S

is well motivated and the task is relative ly easy, he may be able to compen-

sate for the effect s of stress and perform up to his usual standards. If the

S is highly motivated, he may overcompensate for the effects of a mild stress

and perform at an even higher level. Stress seems to affect both attention

and perception by enhancing attention and narrowing its focus in both time

end space. Sa tend to concentrate more on the task at hand and to ignore

both previous event s and peripheral stImuli (8) . Where cognitive demands,

e.g., on memory are not excessive or where peripheral stimuli are irrelevant,

this effect may be desirable , yet in most command situations this is not the -

case .

Under intense stress , Ss may develop a cognitive defense whi ch expresses

itself in aggression or in attempt s to leave the stressful situation by With-

drawing physically, psychologically, or both. The evidence also suggests

that Sa show little benefit from practice occurring under extreme stress a]—

though extinction is delayed. Another negative effect is the fact that under

stress Ss tend to bec~~~ less efficient in their use of the available infor—
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mation and also accept hypotheses recklessly. Thus, the habits formed under

intense stress are often qualitatively inferior to those acquired under less

stressful conditions. Also noted is the fact that Ss often revert to well—

learned or older forms of behavior and use them rigidly when under intense

pressure despite the fact they are inappropriate to the situation at band (8) .

It is also well known that Se differ in their tolerance of stress and

their relative tolerance to different kinds of stress. Thus, the selection

and training of decision—makers should depend upon a host of such subjective

factors end these should be carefully looked into before critical assignment S
are made or before any attempts are made to predict future decision~mi~lri-ng

behavior.

Here , one of the most fruitful approaches may well be that currently be-

ing made within the framework of general systems theory . Herb st (27) has

recently postulated the operation of three types of forces within any be-

havior system. These are a) forces deriving from the components, b) forces

deriving from the system, and c) forces that have their source in the en-

vironment of the system. In the case of the individual , these correspond to

a) valence forces defined as cognitive representation s of strain states as-

sociated with Individual activity areas, b) internal pressures, defined in

terms of the perceived strain effects on the individual ’s behavior system as

a whole resulting from the inclusion or exclusion of activit y areas, and c)

social o~essure a resulting from the interde pendence of the individual ’s

behavior system with that of other individuals.

In Herbat ’s terms , a state of situational stress is said to exist if en

oppo sition is found in the direction of external pressure s end the internal

forces of the individual. For example, the child may dislike doing a house-

hold task , feel he should not do it , bat perceive his asther as wanting him
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to help s It may happen that an internal opposition of for ces exists, where

the child dislikes the activity but feels he should do it . In this case ,

an external pressure in either direction will Imply a state of situational

stress. The existence of a state of stress implies a displacement of the

system away from its equilibrium state which, by definition, is equivalent

to a state of strain . Since one possible route toward strain reduction lies

in reducing the strength or direction of opposing pressures, Herbst states

tha t the degree of situation al stress will be directly related to the degree

of external adjustment processes. This, in turn, leads Herbst to make acme

specific assumptions and predictions about the effects of stress on perfor-

mance level.

Several sti~dies, as well as comaon observation , show us that fru stration

leads to a general reduction in the level of constructiveness but some Ss

always show an increase • There are some individuals who appear to be stimu-

lated by conditions of stress and produce a more effective performance while

others show behavioral disorg anization and a reduction in effectiveness.

Clear ly, the problem in need of solution is: what are the variables deter-

mining whether an increase of situational stress will lead to an increase

or decrease in performance level, and what is the functional relationship be-

tween the variables involved?

According to Herbst , the key variab les are 1) size of the activiti ~2~-

~~~~~~, 2) the d~gree ~~ stress , and 3) the vitancl ~~ ~~~ situation.
1 The

relationsh ips between them in terms of situation dynamics are stated as

follows:

1Activity domain is defined as the set of activities in which the ind.t—
vidual engages end vitencv is defined as the cognitive representation of the
amount of energy associated with a given activit y domain. Vit.ncy corre-
sponds to the experience of involveme nt , emotional attac kinent , or cceinitment
to an object , thing , or idea.
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(a) To the extent that the vitancy of the situation is above a critical

value , the size of the activity domain decreases with situational stress.

(b) To the extent that the vitancy of the situation is below a critical

value , the size of the activit y domain increases with situational stress.

In ordinary language, if we substitute level of performance for size

of the activity dnin~~in , we find Herbst predicting a b~ h level ~~ oerfor-

mance under two distinct conditions:

“ (1) The person is highly involved in the task, situational stress is

low, and consequently the task is experienced as enjoyable.

(2) Task involvement is low, situational stress is high, and conse-

quent ly the person gains little pleasure from his achievements. Similarly,

a ~~~ level of performance will occur under two distinct conditions:

( i )  The person is highly involved in this task , stress is high, and

the situation is experienced as highly unpleasant .

(2) The task is perceived as being of no Importance , no stress oper-

ates, and consequently no satisfaction or dissatisfaction is associated with

the task,”

According to Herbst , the view that learning and effectiveness of per-

formance are a dire ct function of motivation has to be modified . The rela-

tion holds only under conditions of low stress. Under conditions of high

stress, on the other hand, a reduction of motivation below the critical

vitancy value is required to increase the effectiveness of performan ce. It

is , of course , reasonable to assume that individuals will differ with re—

spect to the critical vitancy value beyond which their activities become

disorganized with increased stress . It is possible, theref9re, as Herbst

suggests, to use readiness of individuals to react to stress with negative

emotionality, such as failure experience , humiliation , pessimism, and self—
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blame as a measure of their critical vitancy value beyond which stress

leads to performance deterioration. That such a suggestion may bear con-

siderable fruit finds support in a study by Waterhouse and Child (59) , who

found that individuals with high readiness for negative emotional reactions

under stress (low cr itical vitancy value) showed a reduction in mean per-

formance level under stress, while those with low readiness for negative

emotional reactions (high critical vitancy value) showed an increase in

mean performance level.

Despite the strengths and weaknesses of Herbst’ s mode]. in particular ,

and of situation dynamics as part of general systems theory in general, the

merging of clinical and personality theory with the domain normally encom-

passed by experimental psychology is a laudable step since neither alone

has shown the level of predictive power needed by the applied psychologist

or behavioral technologist. A further advantage lies in the systematic and

orderl y procedures where by diverse experimental facts are integrated arid

organized in such a manner that additional hypotheses are generated , tested ,

and result in new facts that enlarge our understanding and our capability

for solving practical problems. The application of situation dynamics to

the problem of decision—making arid the testing of Herbst ’ s hypotheses about

the effect s of stress on performance level are strong ly reconmiended .

f, Tr aiM na MDectp ~~ Deciaion-Makin~. Notably absent from the

experimental literature are studies concerned with decision-making training.

In this survey of the literature only three studies of direct relevance—-

two by Teichner and Myer s (56) (57) and one by Berry (7) , referred to ear-

lier——were located .

In the first Teichnar and Myers study (56) , various elements of the

decision-making process in a complex weapons system were examined in order
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to d etermi ne their capabilit y of being modified by training as well as to

determine which elements are most critical to successful decision-making

performance . This study consisted of five experiments, each deRli ng with

different problems in the decision-making process: a) human reception of

information from a display system, b) storage of the information received in

man ’ s short term memory, c) status decision regarding the present situation ,

d) evaluation of possible action decisions available in man ’s long term

memory, and e) the action decision which is optimum for the situation . They

concluded that in order to improve both the quality and speed of decision s,

attention should be paid to methods for improving the display and presenta—

t ion of the decision problems . In their words, “This might be accomplished

by rep eating essential information which is to be rapidly perceived, end

reducing excess information which is to be remembered for short periods of

time .” In addition , they suggest that significant improvements in decision -

making might be realized from formal programs which provide training and

practice in actual decision-making problems and which supply knowledge of

general decision—making principles and pitfalls.

Continuing their same app roach in the second study (57) , Teichner and

Myers studied other variables affecting action decisions. Some of the more

positive findings of this study were as follows:

1, The rate of information storage seems more import ant to short—term

recall than the quantity of information stored.

2. Training personnel to count as well as name multiple target images

should be considered as a possible means of aiding short—term memory for

rap idly stored events .

3. The effectiveness of pract ice depends upon the factors involved in

the decision . Depending on whether the cause of poor performance in multiple
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visuki tar gt t identificat ion is perceptual or due to inadequate short —term

recall, practice may improve or worse n performance . In binary choice situ-

ations , long—term practice does improve the quality of decisions , but it is

not clear whether this is due to improved estimatio n of event probability,
or to a change in the oper ator ’ s strategy .

In the Berry study of the training of naval officers in decision -making

performance the conclusions and recommendations arrive d at are of such con-

siderabl e relevance for future study they deserve to be quoted in full:

“ ( 1) Ident j ficatjon, of decision-.ma~~~g situation s, The term ~decisjon—making” should be reserved for choices that require the officer to evaluate
alternatives in preparation for act ion that is required. This should be dis-tinguished from contr ol functions which simply require the identifi cation ofa situat ion so that a pre —prepared action may be app lied.

(2) Altern atives ~~ decision-making ~~ control functions. It appearslikely that the apparently superior decision-making performance of experienc-
ed officers arises in part because these officers call upon past experience
in a way that permits them to apply a previously developed solution when a
similar problem is recognized. Especially where rapid control functions errequired, it may be highly desirable to provide such training and in effect
eliminate the decision making component of the performance. Such eli~ini na~tion is also achieved by some human engineering modifications of equipsent ,or by the provision of job aids for control tasks . This solution to the
provision of control functions cannot be applied wherever novel and unfore-seen developnents may occur .

(3) Relevance ~~ laboratory rea~arcb 2~ decjsjon~ini~kjni. Because of
the extr eme simplicity of laborato ry situatio ns employed for this purpose,and because of their frequent dependence upon parametric assumptions (e.g.,regarding utilit y, probabilit y, etc.) which are unmet in real life, this
literature seems largely irrelev ant to the develoim ent of training programs
for decision—making by officers.

(4) ~nthasis ~~~~ nroceaa. Determination of tbe intervening process
by which people make decisions remains rudimentary. Nevertheless, develop-
ment of technique. for decision-mnfring in which officers may be trained can-
not proceed tar without Improved understanding of this process. The tech-
nique developed in this study, depending upon simulation of complex situa-
tion s and the collection of an extensive record, is cumbersome and expensivewhen compared with more traditional laboratory methods, However , this methodoffers greater promise for the identification of processes used by human sub-ject s, and in particular for the identificatio n of deficiencies in the pro-
cess that might be remedied by training.
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) Imt,ortance ~~ criterion orob3.~~~ The purpose of the developeent
of’ train ing for decision making can only be to Improve the qualit y of the
decision produced . This effort cannot proceed without an unambiguous basis
for the evaluation of decision performan ce. It is unlikely that explicit
formulas can ever rep lace human jud gment for this purpo se , although they may
be developed within limited areas and there provide a basis for the elimina-
tion of the decision-niaking aspect of control functions. It is essent ial
that criteria for the adequacy of decision—making developed for training
purposes be compatible with those that the officer will encounter in his
dealings with his own superior officers and others who will evaluate his
performance. This suggests that any long—run program for the Improvement
of decision-making performance must also be concerned with the manner in
which judgments of decision performance are made, and possibly investigate
training for that performance also.

(6) Ident~.ficati~~ ~~ dcq~sion-makin2 strategies. In order to pr ovide
a basis for a “core—curriculum ” for decision-making training, a wide variety
of task situations should be selected from the officer ’s duties . For each
of these, criteria for the adequacy of decision should be enumerated . A
model procedure (using the information processing computer languages, or
similar descriptive app roaches) should be developed for each of these.
These model decision processes should then be exi~inined for sub—processes
or strategies common to all of them, or occurring frequently. These may
then be examined to determine whether they appear trainable. For exmmplc,
it app ears likely that computer approaches to decisions would regularly com-
mence by a review of those criteria bearing on the situation and the way
in which they must be met in selecting a course of action . It app ears like-
ly that failure to go through this step is a frequent source of weakness in
human decision performance , and one that would not be difficult to train.

(7) Evaluation ~~ decisi~~-w~k~~~ traininj z. Since the aim of decision—
making training is to modify the final action—selection performance , evalu-
ation of that performance must be the final cr iterion of acceptability .
However, during the stages of the development of tr aining materials, it will
be Important to obtain not merely pass—fail information , but descriptive
material on the consequences of training for intermediate stages of the
decision-making performance. This 411 permit increased feedback and more
resp onsive modification of the training methods. For this purpose, con-
tinued use and development of situational tests for decision making seam
desirable .

(8) Generalization ~~ deciaion-makin2 tra tn In.~~ Because the key to
all—around pr oficiency in decision-making is the strategy for the handling
of unforeseen or unfamiliar situations , it is Important that any training
developed in one context be generalized to other contexts not specifically
included in the traini ng program . Thi s means that if one set of situations
is used dur ing training for decision-making , a different set of situation s
should be employed when the effect s of training are tested .”

In simmary , it should be noted that every duty day, the typical c~~~an—

der makes a number of complex decisions. If asked to explain how he made

such decisions , it is likely that he would be hard-put to give a reasonab ly
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precise answer. The typical cc~nmander rarel y examine s his own decision—

making process self— consciously. If he did, he would probably discover that

he does not follow a consistent pattern. True , he might profess to make

decisions on the basis of what he believes to be relevant and pertinent fac-

tors . But perhaps more often be make s decisions on the basis of intuition

or hunch , i.e •, on the basis of ill-defined and inconsistent values and a

large number of both rele vant and ir relevant bits of old and new information

stored in his head . Certainl y, even the best of decision-maker s would be

the first to admit he has in his lifetime made many bad decisions and the

first to express a desire for any kind of method or technique which would

reduce his uncertainty and increase the wisdom of his choices. Concerned

as we are here with Improving the decision—making capability of the military

commander , there is every good reason to believe that the adoption of a

formali zed decision-maldng procedure and train ing individual officers in

its use could not fail to result in a general Improvement in decision quali-

ty across the board . For example, the elementary aspects of a formal

decision-making procedure would include :

(a) ~~~ decision-makin g environme nt, i.e., the identification of

the decision-maker and the situation or climate in which he makes decisions .

(b) Oble ctives ~~ ~~~ decision—maker , i.e., it is more the rule

than the exception that a commander makes decision s on the basis of a single

objective , without realizing that his decision might have a serious effect

on the achievement of other objectives; in other words , recognition must be

made that a multitude of conflicting objectives might exi st .

(c) Alternative nlans QL action ~~ strat eaies. In many situations ,

an unlimited array of alter native plans of action or strategies presents

itself. In many others, however, the number of feasible str ategies is small
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enough so that the alternatives can be easily listed. The important point

to note here is that each possible strategy will generally have some effect

in achievi ng each of several different objectives. For this reason, it is

helpful to prepare an exhaustive list of strategies.

(d) The deterministic decision Davoff. Once the objective s have

been identified and the alternative plan s outlined , the next step is to find

some measure of the payoff or effectiveness of each plan of action.

(e) The orobabilisti c decision p&voff. In most real situation s the

decision payoffs are not fixed but can be regarded as random variables . In

other words, the payoffs are determined at least partly by chance and not

solely by the strateg ies chosen . Under such condition s of risk , the con-

cept of probability plays a central role in decision—making .

(1’) ~~~ decision navoff under comoetitive conditions. The theory

of decision-making under competitive condition s, as noted earlier , has been

treated by mathematicians and economists under the rubric of the theory of

games. As the title implies, the theory is rather light and applies only

to simple games of skill. Though this is true in actual practice , concep-

tually the theory is regarded as one of the most important in modern econo-

mics. While it is mathematically diffi cult and almost useless from a practi-

cal point of view in that it is descriptive of only the simplest and most

simple—minded of competitive situations , it is well worth considering as a

conceptual framework for decision-making training.

(g) Measures ~~ value ~~ utilit y. In short , the objective of any

decision should be a maximization of utility , In most pract ical situations

the utility or value of a decision is hard to pinpoint , so the decision—

maker assume s that his payoff in terms of units of utility is the same as his

payoff in gains or losses. Yet the utility or true value of the outcome of
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a decision is different from one individual to another. When the decision

is not made in a state of competition , this poses no insurmountable problem

becau se the individual decision-maker can define the payoffs according to

his own opinion of the relative value s of variou s objectives . When a state

of competition exists , however, the problem of relating each person ’s pay-

offs to the same scale of value seems impossible to solve. Recognition of

this dilemma must , nevertheless , be made in any consider ation of decision—

making improvement or training.

g. Su~~estion s ~~~ P\iture Research. From the foregoing survey of

the decision—making literature , it should now be clear that research on

this problem is still in the inchoate stat e. Badly needed is addition al.

research in the following areas :

(1) Information processing and studies of the interpretation of

ambi guous information .

(2) Studies of individual differences and the effects of cer-

tain personality variable s on the decision process.

(3) Studies of the effects of stress and anxiety on independent

and sequential decision-making .

(4) Studies of the relationships betwe en such cognitive varia -

ble s as memory, inte lligence , problem-solving, and creativity and the

decision~m~king process.

(5) Additional studies of the degree to which decision-making

skills can be Improved through training , i.e., through reinforced practice ,

the expansion of the alternative course of action base , and through relevant

cue discrimination training.

To be of maximal value to the Army cousmander, all of this work should

be carried out under fair ly realistic operational conditions. As Q2enzoff ,
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at 514 (io) have noted , “The Important point is that for research purposes,

experiments should aim at acme degree of reali sm, but exact simulation need

not be achieved . Since criteria of good performance in the real system are

not constant , but rather are likely to change as new rules are formulated ,

the critical measure of operator effectiveness would be his ability to

achieve whatever type of performance is asked for , within the scope of his

equi~ nent capabilit y. ”

Each of these suggested areas of research will now be discussed in turn.

1. Information Process ing. The empirical studies of decision—making

cited earli er have typically provided the decision-maker with an information

base in terms of which a choice among alte rnative s must be made . The in-

formation base include s specification of the alternatives , the possible

consequence of a choice , and probabili stic data on the relatio nshi p between

alternat ives and outcomes • The inform ation.-aequis ition processes preceding

decision are assumed to have occurred and , in essence , are simulated by the

exper imente r . Normally, Ss do not have the option of delaying a choi ce

until addit ional information is available or in order to seek further in-

formation regarding potential alter natives , outcome s, or the relationships

between alternative s and outcomes.

The experimental paradigm embodies the bounda ry condition s of economi c

decision theory and it is not sur prising that the studies using it have

focused on testing one or more of the theoretical assumption s or predict ions.

Unfortunately, once the boundaries of decision making are extended to in-

clude infor mation acquisition and processing activities , a host of theor-

etical and empirical issues are raised . These issues must be faced and

effectively dealt with if the military commander is to be helped in any

significant fashion . We know that o~~~and functions involve broad proble ms
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of planning, assessing the capabilitie s of the command ’s forces and those

of the enemy, allocating resources, alerting, and committing the command ’ s

forces. These functions require the gathering of large amounts and many

classes of information, aggregating the information, and processing it to

enable the comman~!er to make knowledgeable, deliberate decisions in a con-

text of changing objectives . Here , what we do not know is as follows:

On the basis of what information does the commander reduce the large

set of alternative s in a decision situation to a set of feasible ai.terna—

tives? What environmental cues determine the set of outcomes or conse-

quences that are selected for consideration? How are tentative decisions

generated and modified as inform ation is acquired ? How do the parameters

of the information input and the subjective variable s (e.g., intelligence ,

memory, risk—taking) affect the amount of information—acquisition before

decision?

In addition to these questions is the question of the interpretation of

ambiguous information . Here , Chensoff , at al. (10) have cited five kinds

of problems in need of exper imental clarification .

(a) There are many practica l situations (e.g., surveillance situa-

tions) in which people have to make decisions based upon subjective evalu-

ations averages , variabilities , trends , and corre lations. Math ematical

stati sticians ~iave given scientists new opportunities to extract me*ningful

data from such human perfor mance tasks , e.g., their statistical tests and

procedures offer the psycho logist a basis of comparison between statistical

and human decisions ; the ways in which human performance departs from these

established calculated stat istical criteria should reveal a good deal about

this form of human decision-asking and its main limitation s.

_ _ _ _
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(b) The recognition of patterns by machines is still one of the

most difficult procedures for computers to undertake. It, therefore, seems

of the highest importance to undertake experimental work on pattern reading

by human subjects since this is expected to be one of the last forms of

work to be handed over to machines. The need for this is all the more ur-

gent since the recent enormous increase in the number of photographs with

air surveillance information may soon produce such vast quantities of in-

formation that the data available will outrun the facilities for analysis.

(c) At a much more complex level of decision- asking the judging

of the relevance of past experience (data stored in memory) as well as of

current intelligence information to the problem at hand, is a typical pro—

cess often required of relatively senior decisions makers. Knowing ‘what to

discard in forming a judgment can clearly make the difference between suc-

cess and failure. Yet , little if anything has an yet been done on this

kind of problem.

(d) One of the most important forms of subj ective judgment exer-

cised in deciding a course of action is that concerned with estimating the

relative gains to the system likely to follow from each of the various

possible outcomes. Much more should be known about the mental yardsticks

that milita ry men use in arriving at a decision . No one seems to know the

subj ective values that are used in these estimates. Much work has been

done , however , on the betting situation where the gain to the system is

measured on the relative ly straightforward basis of money. Such work can-

not readily be tested to see whether it is applicable until these many other

values in milita ry situation s are made more explicit. The longer they re-

main inexplicit , the longer they rem*4n unexplored.

(e) Of major research interest here is the study of how missing or

err •neous information affects the human ’s inte rpretation of the displayed
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data , If humans can compensate for missing data (up to a point) but are mis-

led by wrong data , more stringent filtering would be indicated. Research

might also be aimed at determining the value of displaying information with

associated level of confidence numbers .

Although not usually considered under the heading of information pro-

cessing, the cognitive processes of memory and th(n~c1ng are obviously in-

volved. In a recent comparison of human performance with that of a computer ,

Tomkins (58) has offered a novel theory of memory. According to his theo ry,

human memory consists of two components or functions analogous to the com-

puter storage and retrieval. In his own words, “We have distinguished sharp-

ly the storage process, as automatic and unlearned , from the retrieval pro-

cess , which we think is learned. Both are duplicating processes, but one is

governed by a beilt—in unconscious mechanism and the other by a conscious

feedback mechanism.”

~*iile it is recognized that a direct empirical test of this assumption

is difficult —if not impossible—the idea is, neverthe less, intriguing . It

is well known that recognition is significant ly easier than recall . Yet ,

according to Tomkins, “recall” or “retrieval” is “learned. ” If learned , then

reca ll or retrieval should be expected to Improve with practice whereas re-

cognition requiring only a matchi ng of the Liven with the stored may not be

amenable to improvement with practice , i • e,, learni n2 • A curso ry search of

the relevant literature on memory, forgetting and learning did not reveal any

specific studies bear ing on this issue . Therefore , it is believed that ex-

perimental pursuit of this idea is in order recognizing, of course , that Im-

provement of re cognition with practice still would not invalidate Tomkin ’ a

theoretical position .

In an unpubliahed study by Norman , cited by Edwards (22) , Ss were pre-

sented several bags each contA4n4i~g 1000 poker chips . Some bags contained

4?
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blue and red chips in the proportions P and i—P ; other bags contained blue

8nd red chips in the proportion i-P and P. For example , five bags were 60—

40 blue to red , five others were 40-60. A bag ‘was randomly chosen, chips

were drawn randomly with replacement from it , and after each draw 38 wor e

required to estimate the posterior probability* that the bag was one in which

blue chips exceeded red. In spite of the simplicity of this task , the Se

were unwilling to reach conclusions, i.e ., they were either unwilling or un-

able to estimate extreme probability. From anot her series of unpublished

studie s also cited by Edward s (22) in which Se could buy, for a price, infor-

mation which could reduce , though not ei4~lnate , the risk of an eventual de-

cision , it was found that Ss who failed to purchase just the right amount of

informat ion are much more likely to tail by buying too much information rat h-

er than by buying too litt le • Edward s interprets this and the other facts as

indicating that peopie requ ire too much information , and are unwilling to

reach fin s enough conclus ions on the basis of what they already have. He,

accordingly, recoa.ends that whenever possible the task of drawing conclu-

sions from available infor mation should be automated .

It r~oiJ4 be noted , however , that the Ss used in these studie s were Un—

train~~. .~oUege students and that no external measures of risk~t~king were

utilized . Certainly, there is good reason to believe that experienced ri sk—

takers or milita ry cosmianders may well behave different ly ‘when faced with

these sorts of tasks. A rep etition of these sort s of studies , using ex-

perienced cosmand personnel and comparing the performance of high and low

* Posterio r probability (P(H *D) is defined as the output of Bayes ’ theorem—
a definitio n of probabilit y which modifies probabilities in the light of new
information taking the form of the equation: PIH*D) P(DIH) P(H) • In this

P(D)
equation P(H) is the prior probability of some hypothe sis H . P(D~ I) is the
prob ahility that the dat um D would be observed if the hypothesis H were true .
P(D) is the conditiona l probability of an event D.

-
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risk—takers, should throw some additional light upon this issue.

2. Individual Differences ~~~ Personality Variables • There are many

people who have all of the necessary intellectual capabilities , yet because

of various personality problems do not make good decisions. Everyone knows

this, just as everyone knows bow difficult it is to discover the particular

personality dimensions that are involved. As noted in the foregoing survey

of risk—taking studies , most of this work has been carried out in the

laboratory under non-military conditions .

Obviously, what is needed is an assessment of the individual ’s risk—

taking tendencies along with his decision-making ability in an operational

military setting or one which realistically simulates the job—requirements.

McClelland’s modification of Atkinson ’s model is badly in need of empirical

testing and of further experimental evaluation. Studies of group decision-

making and the individu al ’s willingness or unwillingness to follow his own

judgment in defiance of the group would also be of value.

3. Effects ~~ Stre ss ~~~ Arudety. Conspicuous by their absence from

the experimental literature are studies of the effects of stress and amd.ety

on decision—making. In view of the fact that most command decisions of any

degree of importance will occur during a time when the cerl ,nAnder is under

duress—either brought on by the enemy in a combat situation or by the

pressure of time , probable loss of prestige , work—load or the critical re-

gard of superior officers in the administrative situation , it is even more

surprising that few experimental studies have been undertaken. Such studie s

of independent and sequential. decision-making, carried out under realistic

military operational conditions and including the measurement of certa In

personality variables (mentioned in the previous category), should receive

top-priority by any future investigator concerned with coninand decision—
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making. Although there are some hairy and difficult problems that must be

faced in the conduct of such studies, such difficulties should never be

allowed to deter the experimental effort .

4. ~at ion~~~~ Between Ot~~~ Cognitive Variables and Decision-~~ a~~.

With regard to cognitive processes , the psychological literature

frequently refers to “the decision-making process,” “the problem—solving

process,” and “the creative process.” These terms suggest that these acti-

vities can be clear ly distinguishe d in terms of the processes involved.

In fact , creativit y has been defined in terms of a unique process. Although

such a possibility cannot be excluded, many theorists argue that creative

thinking is best defined—not in terms of process , for it involves a variety

of processes—but in term s of product : creativity is that thinking which

results in the production of ideas or other products that are novel and

‘worthwhile. In a similar fashion, problem—solving is that thinking which

results in the solution of problems and decision-making is that thinking

which results in choice among alternative courses of action. In this view,

decision-making, problem—solving, and creativity are all to be regarded as
— kinds of thinking. The question of the degree to which these , and other

kinds of thinking, involve the same or different processes is a question to

be solved by empirical investi gation , not by definition .

Here the psychological problem can be stated as follows: What are the

processes involved in thinking, i.e., in problem—solving, decision—making,

and creativity? How many are there? How do they work? Can they be improv-

ed with training? It can be safely said that, at this time , none of the

answers to the above questions are available .

To supply acme of tbe~e needed answers, it might be of value to aai~in~s—

ten b ttenies of psychological tests—tests of aptitudes, atti tudes , person—
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ality and cognitive skills—as well as abstract tests of decision-making

abi lity at several levels of Cosmand authority . At each level of eci iand,

performance on the psychological tests and on the abstract problems could

be related to the officers’ performance on typical command and staff tacti-

cal and ~~dn4 strative problems selected from the branch service school

curricula, the Command and General Staff College curriculum at Fort Leaven-

worth , and from real—life situation s faced by field unit personnel under

combat and non-combat conditions . Re lationships between these various

measures and between the various levels of command should provide many in-

valuable clues as to the kinds of cognitive skills import ant in decision—

making.

5. ImDrovemei~~ ~~ Decision-Making Through Training. Recent work by

a number of investi gator s in the areas of creativity , problem—solving, and

thinld r.g has shown that many such cognitive skills can be improved through

training. Maier (35) has increased the proportion of successful problem

solutions by lecturing subject s to seek various problem difficulties and to

“keep your mind open for new meanings (and) . . . for new combinations .”

Maltmnan and his associate s (Malt zman, Brooks, Bogarty and Sumners (37) ;

Maltznan , Bogarty and Breger (36) ; Malt zman , Simon, Raskin and Licht (38) ,

have been orienting subje cts toward the same objectives by forcing them to

generate unusua l (low valence) association s to common stimuli • Shaw’ a

results (52) suggest that subject ’s motivation to achieve a high quality

product may be increased by increasing their share of responsibility for

the group output. Maler ’s human relations training course (34) has also

shown that group problem—solving facilit y can be increased . More recently,

Hoffman (28) has defined and stated the condition s necessary for creative

problem—solving. Although they have not yet been put to the experimental
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test , these conditions do tie together much of the contemporary resear ch

and suggest ways and means for producing improved performance • In addition

to this work , Ericksen (23) has recently shown that for some skills ab-

straction learning is no more difficult than perceptua l learning . He fur-

ther suggests that if acme of the compounding variables could be eliminated,

abstraction learn ing in the classroom or via the teaching macl’~ine might be

achieved in a manner more comparable to the speed and efficiency of per-

ceptual learning.

For these reasons , it seems likely that the cognitive processes that

lead to the selection of one from among a “Iciown” set of response alterna-

tive s (decision-mRlrt ng) are also amenable to tr ain(ng. As Miller (43) has

recently s~mvn qrized , the information essential to training for decision—

making consist s of the following elements:

1. The stimulus variable s in the problem.

2. The resp onse alternatives .

3. The variab les in the goal condition s and their relative pri-

orities .

4. Implication s of the exerci se of response alternatives,

5. Strategy rules for selecting response alternatives in order

to optimize goal conditions in given stimulus situat ion.. Such rules may

in elude proced ur es for efficiently getting additional information toward an

ultimate decision,

6. Allowable time between the situation arising and control action .

As Miller further notes , only when these kinds of information are avail-

able can there be effective nractice undertaken in decision—making relevant

to the job . In general , this kind of analysis and this sort of information

is missing from the usual study of ocmm*nd decision-making . The consequenco
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of this lack is that tr i-in ing becomes either impossible or inadequate.

In a recent article on obtaining guidance frcm uncertain evidence, Brig.
(len. Washington Platt (45) has urged that commanders give more attention

to the modern techniques of experimental analysis, probabi lity theory,

sequential analysis, and formal logic as means whereby their decision—

making capabilities can be improved. Modern management trifning courses

have also recent ly adopted this same experimental statistical approach ( i i ) .

In summary , it seems appare nt that , at thi s time, the best attack on

problems in the ar ea of command decision-making would include both a vigor-

ous experimental program plus a systematic attempt to app ly already edsting

methods as wisely and judiciously as possible to the training of officers

and noncommissioned officers at every level of command.
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