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PREFACE

This collectiun of technicel papers vwhich ¢c.ntitules thos repors Lewls
with research in the field of military psychology. I he popers uerc prese:zed
at sessions of the program of the Division of Military Psychology at the
1964 Convertion of the American Psychological Association in Los Angeles,
California, September 1964. Sessions were planned and organized by the
Editor at the request of the Division's Program Committee. The publication
vas undertaken at the request of the 1965 officers--Dr. Meredith P. Crawford,
President, Dr. Richard Trumbull, President-Elect, and Dr. Saul B. Sells,
Secretary-Treasurer.

The purpose of the 1964 program of the Division was to present an
overview of research conducted by the Army, the Navy, the Air Force, and
their contractors in the field of military psychology and related human
factor disciplines. While the collection of papers presented does not
constitute a comprehensive treatment of the subject, it is the Editor's
hope that the substantial research accomplishments represented may insti-
gate further thinking and experimentation on problems which have hereto-
fore proved impervious to research attack or on which progress in research
seems to have reached a plateau.

Sessions were designed to be representative of the research programs
of tl:2 Department of Defense and of specialized agencies serving the
separate services. The effort was in every sense a concerted one. The
principal participants, each a specialist in his field, were invited by
Dr. Uhlaner to colleborate with each other and to solicit participation
from research scientists in other services and agencies. In turn, indi-
viduals selected by the principal participants were in good position to
review specified areas of activity in terms of the state-of-the-art and
anticipated developments in military psychology.

For the present publication, the sessions of the program are designated
Parts I through X. The individual presentations constitute the chapters
within each Part, with the exception of Parts IV, V and VII, for which the
participants have presented their contributions as an integrated discussion.
References have been placed at the conclusion of each chapter or part as
appropriate.

The Editor expresses his appreciation to the many individuals who
bhave made a contribution to this publication. Dr. Charles W. Bray,
Dr. Charles W. Hill, and Dr. Arthur J. Drucker, members of the 1964
Program Committee of the Division of Military Psychology of the American
Psychological Association, gave freely of their time and talents in lay-
ing the groundwork for the program which resulted in this publication.
Dr. John T. Dailey, President; Dr. Meredith P. Crawford, President-Elect;
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and Dr. Saul B. Sells, Secretary-Treasurer--office:'s of the Division of
Military Psychology during 1964--provided guidance in administrative and
programuing matters. If the sessions moved forward with a measure of
liveliness and fluidity, it was due in great part to the ingenuity and
resourcefulness of Dr. Drucker who was of great assistance to the Editor
in this phase of the undertaking as well as in the continuing efforts
leading to the final publication itself.

Special recognition is accorded the invited principal participants
who planned, organized, and chaired the sessions. We express our appreci-
ation also to authors of individual contributions.

As always in an undertaking of this kind, the list of persons who
have contributed in unacknowledged ways is long. The following acknowl-
edgements are gratefully made to members of the staff of the U. S. Army
Behavioral Science Research Laboratory: to Miss Emma Brown who in per-
forming the duties of technical editor contributed order and continuity
to the publication as a whole; and to Miss Lois Northcott, who gave in-
dispensable support in maintaining the flow of communications between
Chairman-Editor and participants and in keeping program arrangements under
control.

J. E. UHLANER

Chairman, 1964

Program Committee, Military Psychology Division
American Psychological Association
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CHAPTER ! J. E. UHLANER

TODAY'S APPROACHES TO
MILITARY PSYCHOLOGICAL RESEARCH

The subject is military man--military man in the higher reaches of
space, in the depths of the sea, military man as commander, informatiou
processor, decision maker, using powerful weapons systems, intricate com-
munications networks, even the techniques of diplomacy, working alone or
as a member of a small or large team.

Man embedded in these military systems is the concern of military
psychologists. Their apvroaches are influenced by civilian industrial
development, social progress, growth in basic knowledge, and requirements
for inter-nation and inter-neoples communication. The problems of military
psychology are classically the oroblems of applied psychology and applied
research psychology. Today, more and more, they are also the problems of
the behavioral sciences, operations research,and verhaps even of science
in general.

Iundamental to science is the uze of objective measures and careful
observation in place of assertion and 1ogma for the purpose of "accepting"
or rejecting hypothesis. 1In applied research, and especially in problems
where man is a key variable, an aporouriate criterion or measure of per-
formance effectiveness is the undeininning of the research base for prob-
lem areas designed to yield results translatable into effective military
command decisions and successful riission accomplishment. Research scien-
tists have become increasingly auware of the necessity of extending the
concept of evaluation to a vast complex of activities. The classical
criterion, however carefully defined, is tyoically a fraction of per-
formance. It is a valuable rescarch tool when relative measurement suf-
fices, and vhen a single aspect of the "personnel sub-system” is of
interest, but such a criterion does not suffice for the modern military
user. It is the "mission accomplished" impact the military user is after,
and it is this impact that the total systems criterion must reflect, con-
sidering a fuller range of the personnel sub-system variables and their
interaction.

The research scientist or military psychologist of today more and
more views man in this newly defined setting. Recognizing that to milj-
tary management the salient concern is effective mission output, the
researcher no longer can afford to ask simply: Is man A better than man B:
Is training nrogram \ bette: than training nrogram B. Is console . better
than console B. Rather, he must ask: Do the end products of the develoned
man-veapon system meet the user's requirements in terms of specified percen-
tages of accuracy, completeness, and rate of output for a given cost: Given
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a specified quality of personnel, specified amount and type of training of
these personnel, specified work methods,and specified interface with their
equipment, is the probability that Company . can take a snecific parcel of
terrain a sufficient basis on which the commander can make an effective
decision? As human factors research moves toward thesc more sophisticated
evaluations, efforts such as these, which we might call "manned-systems
research;'will undoubtedly accelerate and these efforts will have more
meaning for military management.

lManned-systems research approaches build on techniques and knowledge
derived from the classical fractions of military psychology--personnel research,
selection research, training research, human engineering, human factors engi-
neering, and many other research programs which have rot attained organized
structure or standardized terminology. Juch special research programs would
include, for example, work methods research, fatigue studies, studies of
environmental effects, organization behavior, military group dynamics, opti-
mization modeling, and cost effectiveness. loreover, each of the above special
programs frequently moves in methodology and approaches toward this newer, more
integrated effort, here called manned systems research.

Just to take one of the special programs as an example, wvhereas the
human engineer was almost solely concerned with improvement of the specific
machine in the system and primarily backed up the design engineer in vroducing
bardware which is more efficient and more compatible with the human element
in the system, his recent concern with all other aspects of the personnel sub-
system 1s irndicative of the above trend. He, like the selection researcher,
training researcher, and in fact all other military research psycholegists, is
becoming more and nore concerned with the total man-machine output. The manned
systems research scientist atte:ipts to measure the total effectiveness of the
systemn.

A contrast of the more classical human engineering apvroach with today's
thinking in a specific systems setting highlights the above woint. 1In the
system involving the extraction of information from photographs, it is custorary
to use a stereoscope as a speciiic piece of equipment for the job of interpret-
ing. The classical human engineering scientist would have been concerned with
providing the design engineer with a basis for improving the stereoscope used
in image interpretation, making its mechanical characteristics compatible with
the characteristics of the image interoreter. The manned-systems researcher,
on the other hand, would determine--by measuring output with stereovieving and
without--vhether stereoviewing enhanced the accuracy and completenesc of the infor-
mation produced sufficiently to make the instrumentation worthvhile. Further,ne
would make his recommendation to the manarer responsible for developing the total
system rather than to the design engineer responsible for building the stereoscope.

l.oreover, in manned-systems recearch, the objective ic to measure and
interrelate a variety of huran Jactors va-.ables including individual dilfer-
ences, selection-assignment svecifications, type of training, work methods,
special equipment, and comvuter consilerations. Determining these interrelation-
ships and use of mission outrut as the criterion in meacuring job performance
and systems effectiveness constitutes the goal of the military research psychol-
ogist concerned with broader and nwore sirniflicant suposort of the military

managers today. Research is ho ¢l ,roceeding toward the ultimate canability
of presenting, on a cost basis, rnervwres of the accuracy, completeness and
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timeliness of systems output to be expected with a

given group of individuals, subjected to a
given course of training, using

given work methods, supplied with

given special aids and equipment,

for a specified military setting, all of the foregoing taken as a set in the
mathematical sense. The impact of these variables needs to be studied with
respect to the output of a particular manned system and then generalized.
Erphasis here is on the end pr.duct--the effective execution of a mission.
The aim is to avoid sub-optimization. Lach functional aspect is related to
total system performance.

Cne of the hallmarks of manned-systems research is simulation. Because of
the speed of change accompanying a proliferation of scientific developments,
systems under development are often obsolescent before they are completed. Add
to these nressures the cost of prolonged complex development. The military
psychologist is hence challenged by multiple pressures to reduce lead time.
This challenge may be partly met by the sophisticated use of simulation, often
with the aid of computers. Ouch effort requires extensive interaction with
other scientists in order to work on concurrent schedules, and calls for the
determined search for general principles derived from human performance experi-
mentation which would be applicable to whole families of systems to follow. The
military research psychologist has been thrust into the role of helping to
develo: these complex modern man-weapons systems. It is within this general
area that the psychologist's role as researcher may blend with his role as
develover.

For his »nart in developing these systems, the military psychologist 1is
asked to assist in establishing the appropriate breakdown of functions to be
performed--the jobs of individuals or of teams within the system. He is asked
to project the kinds of individuals needed. He is asked to establish inter-
relationships and hierarchies within the system, to look at equipment and help
engineers co design it as to make functions and Jjobs easier and to tailor them
within the capability of the men available. Concurrently, he is asked to develop
prograns, devices, aids which will train each individual and the teams to perform
the functions required. He is asked to look at the activities performed by
individuals to see whether he can improve work methods. In practice, all the
processes ir the development of a system may be recycled many times, a contin-
gency which makes humwn factors research and applications dynamic and often
tentative at this stage of behavioral science knowledge.

How do we nove toward a nore integrated apovlication of behavioral science

to the new and exnanded interrelationships of men and machines in the military

*“ort. In the forefront is the need for effective means of testing the value
o. innovations in a system and changeovers from one system or subsystem to
another. llere, the development of reliable, quantifiable--and practicable—
measures of systems output is nertinent. In manned systems evaluation, it is
true, many not unfamiliar measurement requirements are encountered. But also
encountered are methodological limitations. For example, the reliability and
criterion consistency of the effectiveness measure in the systems context pre-
sent unique difficulties--difficultiecs which the classical military psychologist
has not had to face. The difficulty ol replication de; ends upon the extent to
which the entire system nmust be involved. Individuals perticipating in the
experimentation become practiced, and hence can no longer serve as subJjects




for replication; equal but unpracticed groups of individuals may be difficult
to obtain. Simulation used for evaluation of a system must deal with all
relevant inputs into the system. The researcher must deal with the relative
values the user places on various outputs., It is, in fact, not uncommon for
the simulation exercise to be even more realistic than an actual operation

in that simulation strives to reproduce a rich and complex environment
encompassing all the significant activities of many actual situations, even to
the point of anticipating contingencies which could not by chance occur simul-
taneously in one real stiuation.

I Lave singled out systems research as one of the newer developments in the
field of military psychology. Its value lies in its manifest responsiveness to
the mission-oriented military user.

Recaognizing the extreme costliness of the above approach, and the compelling
need for sub-optimization from time to time, many miiitary problems of command-
ing importance should continue to be attacked from the more classical point of
view--initial screening, manpower procurement and allocation, training, human
engineering. The nation's military organizations must induct large numbers of
men from the civilian manpower pool to verform an enormous variety of Jjobs,
sorting out the grossly usable from the unusable. Training must be provided
in a short period of time to prepare large numbers of civilian-oriented young
citizens for transition to soldiers, sailors, or airmen, and to impart indi-
vidual and team skills. Military commanders must find ways of motivating
these men under diverse conditions. Promotion systems in our society must
be based on valid evaluation as one cornerstone of an effeciive incentive
program. In all these requirements, the cormmon focus is on the individual,
his assessment and his effective utilization as a member of the Armed Forces.

Continuous programs of research to meet these and many other important
requirements are essential in providing the United Jtates with an efficient
military force having high morale and combat readiness capability. It is
in such areas of endeavor that classical military research psychology plays
and will continue to play a most vital role side by side with the newer g
manned-systems military research psychology.
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INTRODUCTION TO PART |

Part I presents an overview of the status and direction of research
conducted by the Army, the Navy, and the Air Force to develop methods of
screening young men for enlistment or induction, classifying enlisted
men for various Job assignment areas, and selecting potential commissioned
and noncomnissioned officers.

Under the current military procurement structure, screening is the
process of selecting from a pool the usable or the most usable individuals
for a given program of training or utilization. The concept is one of
accept or reject--in other words, of pass-fail. Research is concerned
with measuring the most relevant characteristics of individuals in the
pool and identifying the most appropriate cut-off scores to achieve the
pass-fail dichotomy.

Classification in the military services is the process of relating
the abilities of a set of accepted individuals to the demends of a set of
Jobe to be filled. The basic concept here is the matching of individuals
with assignments so as to maximize total performance. We are concerned
not only with characteristics relevant to the various assignments, but
also with differential relevance to different assignments.

Since these are operational problems, some discussion of the opera-
ticnal programs is useful in providing the setting for a discussion of
the status of research conducted within and throughout the militery
services, Each of the chapters in Part I extends to the research activ-
ities and management policies of all the military services in dealing
with selection and classification problems.

As principal participant, Mr. Edmund F. Fuchs, Chief of the Military
Selection Research Jivision of the U. S. Army Behavioral Science Research
Laboratory, was responsible for inviting participents end for organizing
topical coverage of the area., Mr. Fuchs is the author of Chapter 2 in
vhich he presents the strategies of the services in selecting enlisted
personnel and the rationale and research basis for the psychological
instruments by which the strategies are implemented. He concludes with
a brief account of the direction of current research efforts.

In Chapter 3, Dr. Victor Fields of the Personnel Research Division,
Bureau of Naval Personnel, concentrates on differential classification
and the optimal allocation of enlisted personnel to training and Jjobs.

He presents the approaches of each of the Armed Services to the problem
of optimal allocation and the impact of these approaches on research
toward greater effectiveness of classification instruments and procedures.
He concludes with a projection of the potentielities of computerized
techniques for attaining a more efficient differential classification

procedure and applying it more efficiently.
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Jhapter U, un account of the use o. noncoghitive meesures in the
selection oi orficer personnel, wes prepured by Dr. Lelend D. 3rokaw of
the Jelection and Classification Division, Personnel Resecrch Laboratory,
U. 5. Alr IPorce, san Antonio, Texas. Hde discusses some successful and
some unsuccessiul approaches to the identification of potentisl officers
a3 the take-off point for current and planned research, including con-
tinued evaluction of peer ratings as predictors of orf'icer performance,
the Army's on-going exercise in the difi'erential cleassif'ication of com-
missioned officers by major areas ol assignment, end the evaluztion of
school factors in leader selection.
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CHAPTER 2 EDMUND F. FUCHS

SCREENING
POTENTIAL ENLISTED
MEN

Psychological reszarch in the military services has its longest
history in the contributions it has made to the methods by which men are
screened for service and classified for Jobs within the services. This
history goes back to the Army Alpha and 3eta examinations of ‘iorld “ar I,
reported by Robert M. Yerkes (1929). Between World YWar I and “World War II,
no further attempts were made to develop psychological screening instru-
ments for military use. The effort was renewed in 1940, however, with the
development of early forms of the Army General Classification Test during
the draft build-up prior to World War I1Il--development which continued and
expanded during the period of hostilities (Staff, Personnel Research
Section, 1947).

In the period since World War II, all the military services have
wrestled with the problem of obtaining adequate numbers of enlisted per-
sonnel with the mental abilities needed to assimilate training for mili-
tary jobs. For the most part, more qualified men are needed than would
become available through a passive program of evaluating young men who
choose to seek out a recruiting office. In this connection, a study pre-
pared by John T. Dailey (1957) while he was with the Navy Department sug-
gested that a relatively constant proportion of young men of suitable age
are interested in Joining & service. The difTiculty arises from the fact
that the proportion is much too small to meet present requirements and
the core of natural volunteers includes many who do not measure up to the
mental standards required for effective enlisted service. On the other
hand, one factor has served to increase significantly the proportion of
young men volunteering for enlistment since 1990--the drart. The prob-
ability of involuntary induction undoubtedly serves to push many young
men into voluntarily enlisting in one of the services--youny men who
would not enlist if there were no selective service lawv. :

The basic situation is thus contf'ounded by cross-currents. Clearly,
eggressive recruiting ef'forts and effective screening meacures ure re-
quired. Aggressive recruiting is needed to develop a selection ratio
with more candidates than the number of men needed tor truining. ‘lith a
relatively tight selection ratio, effective screening measures are needed
so that on the one hand potentially good men are not rejected, while on
the other hand potentially poor men are not accepted to waste training
and processing costs and manpover spaces. Research to develop such
measures deals with problems of numerical requirements and the verying

enlistment standards of the Army, the liavy, and the Air Force.
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MANPOWER REQUIREMENTS OF THE SERVICES

The problem of how many recruits are needed each year has great
bearing on the selection ratio and thereby on the screening program.
Je note that o number of recent studies focus on "force structure".
In this context, the term relates to the distribution of personnel by
length oi' service (G. C. Smith, 1964).

The major concern here is with enlisted men in their first term of
service as against careerists, or those who have reenlisted at least
once. The "force structure' concept attempts to determine relative
costs of first-termers vs. careerists against their relative outputs.
The average costs of maintaining an enlisted man, to include not only
direct pay but also costs for housing, feeding, training, medical care,
dependents, and ultimately a share in his retirement are considered for
individuals who serve only one tour as against those who become career-
ists. Average costs for careerists are higher, since almecst all these
factors tend to increase with length of service. On the other side of
the ledger is the question of the number of months of effective service
which can be expected fram individuals in various enlisted categories.
For this purpose, the length of tour must be reduced by training time,
leave time, and the like. (One factor here is that the inductee's tour
is only two years as against three years for the regular Army recruit,
and four years for most Navy and Air Force recruits.) Careerists obvi-
ously provide a greater average number of months of effective service
than do first-termers. Hence, the length of time required to bring an
enlisted man up to effective performance in the job is the critical
variable. A corollary is the extent to which additional experience is
ref’lected in better job performance. For this reason, enlisted jobs
which need to be performed in a service are categorized according to the
amount of training and experience neceded for effective performance. This
type of study usually suggests that careerists are needed in the lecder-
ship end advenced technical enlisted jobs, but that the bulk of basic
enlisted positions can be more econamically filled by men who serve only
one or two tours of duty. However, even for these basic positions,
there are signiticunt gains in a four-year tour over a three-year tour
and in a three-year tour over a two-year tour.

To return to the screening problem, the systems for cvtuining the
requisite nwnbers and caliber ol enlisteu personnel have evolved to meet
the diiivering requirements ol the services. One difterential factor
across the services has been the fact that for the last ten years only
the Army hus utilized the drait machinery--in addition to its voluntery
recruitment program--to obtain enlisted personnel. The Navy, Air Force,
and iarine Corps have relied exclusively on voluntary enlistrents (al-
though these have been aided by the spectre of the drai't in the back-
ground to encourage young men to volunteer).
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THE ARMY'S MENTAL SCREENING PROGRAM

ENLISTEES

We might well look at each service's screening techniques separately.
The Army's experience with the problem of providing sufficient numbers of
qualified enlisted men has resulted in a mixture of programs. These have
seen the evolution fram a personnel program in which screening was accom-
plished with one general ability test to a system in which differential
classification type informetion is obtained as part of a screening process.
The screening test is the Armed Forces Qualification Test (AFQT) which is
still in use as a first screen. The classification type measures are
seven aptitude area scores derived from the Army Qualiification Battery *
(AQB). The AQB is a set of short tests paralleling those in the Army
Classification Battery (ACB)--with the exception of the Radio Code
Aptitude Test--but with a low ceiling. (The ACB and aptitude areas are .
described by Victor Fields in Chapter 3.) The AQB meets the requirement
of indicating whether individuals meet minimum qualifications for wvarious
Army occupational training programs, but the battery is too short to
provide effective classification information for most individuals.

The AFQT is an instrument developed Jjointly by all the military
services and used by them for both enlistment and induction. It contains f
vocabulary, arithmetic reasoning, tool usage, and spatial relations items.
It conteins 100 questions, requires about one hour to administer, and
yields scores which are converted to a percential scale standardized to
the ilorld War II reference population (Bayroff, 1963). Studies of various
forms of this test have shown AFQT scores to be moderately related to
performance in basic training (Bayroff, Seeley, and Anderson, 1960),
rather highly related to performance in occupational training programs
in the services though not so highly as the apprcpriate classification l
measures (Brokaw, 1959a), and moderately related to disciplinary record,
that is, whether or not the enlisted man will complete his first tour
with an honorable discharge and without a court-martial conviction
(Klieger, Dubuisson, and Sargent, 1962).

The AQB was constructed to parallel the ACB, though without the more
difficult items. It has also been shown to match the correlational !
patterns of counterpart ACB tests (3eeley and Anderson, 1963). Thus, |
the AQB aptitude areas can be considered to share the validity demon-
strated for the ACB aptitude areas, which tend to run about .60 against
training performance (with range from about .50 to about .85) (.lelme and
< Fitch, 1962) and about .40 against rated job performance (Helme, Denton,
and Bivins, 1963).
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The Army program for screening applicants for voluntary enlistment
has several aspects. The besic mental requirement for enlistment is a
1 percentile score of 31 or higher on AFQT. A high school graduate who
achieves a percentile score between 21 and 30 on AFQT is acceptable if
he achieves Army standard scores of 90 or higher on at least three




aptitude areas derived irom A3 meacures. IJowever, most men who volun-
tarily enlist in the Army are able to qualify for special inaucements in
the r'omm oi° cossurance of training in a desired occupational aree or
initicl cssignment to & pearticulor overseas comasnd. 7o qualiily for
such un enlisted commitment, the applicant must not only score 51 or
higher on /uw\T, but must also take the AW3 and achieve an Army standard
score of 100 or higher on the uptitude crea related to the desired
occupationz.l area and Yu or higher on at least two sdditional aptitude
areas.

™o current Army research eitorts bearing on the problem ol effec-
tive screening of enlisted personnel should be mentioned. One is the
attempt to 'ind o measure oi interests, attitudes, and the like which
will preuict the extent to which an individual will use hic obilities in
the Army. Juch a measure would add the "will do" evaluction to that of
"can do" provided by the AFQT and AQB. The other research effort looks
to ¢ dii'i'erent mode of test presentation and response. This would in-
volve use ol a machine to present questions according to o program which
would vary with whether pre.lious answers vere correct or not. Juccess
in this etflort moy well let us get away {rom presentation of the scme
set o questivns to all examinees, cna perhnps let us i'incg more efficient
techniquec.

IIDUCTZE 3

The Ay hac used the drait to meet the portion ol its requirement
for enlicted persomnel which it dia not meet through voluntory enlistment.
The Ammy orocrams have variea to meet the relative impact oi the inductee
input on its overall processing. J<hile an average over several years
shows approuimctely Lo, inductee vs. YLy, voluntary enlistee input to the
Army, these proportions hove .aried widely from a veriod early in 1961
when Qv of' the accessions were oluntary enlistments to periods during
the Berlin incident when more like oV, of the zccessions vere inductees.
since the screening standaras {or induction are set by the Congressional
legislation wna supplementory Presicential and Jecretory of Defense
dircctives, they ure relotively <iivicult to change.

The muin mentael screening tror induction is accomplisched oy the AFQT,
which is given first. Jelective Jervice registrents who score at the
51st percentile or higher on the ATGT cre considered acceptavle as far
as mentel standards are concerned. Those who score below the 10th per-
centile are rejected (these are "permunently" rejected, receiving LF
selective Jervice classification). The group scoring between the 1lUth
and j0th vercentile are then given the AQB. Those who achieve the
equlvalent of 2lst percentile or higher on the General Technical (GT)
Aptitude Area (2 combination of verbal and arithmetic reasoning scores)
and the equivelent of the 5lst percentile or higher on two or more other
aptitude arees are considered acceptable. Those not meeting these
standards are reJjected. Dut these men are rejected only so long as
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stendards are not lowered; they reccive Jselective Jervice classitf'icetion
LY if otherwise ccceptable. Recent ec.;pericnce duta inuicate that, using
the A43 screen, cbout half this AFyT group (10th to Juth percentiie) are
acceyted.

The rejection of those in percentiles v through ¢ on the AFQT is
provided for in the law suthorizing the draft. This stcndard reilects
dorld Jar 11 experience ct considerable difficulty in troining or utiliz-
ing these very low mentzl level individuuls. The group in question would
pe counterpart to those below Army standard score 65 on the AG2T of ‘orld
vWar II. The supplementary screening of men who score from 1J to 30 on
AFQT (called Category IV) reflects the results of Anny studies with the
Army Classification battery. Men with aptitude area scores of 90 or
higher on the Army standard score scule (equivalent to 3lst percentile
or higher) have tended to be uble to pass a related training program and
perforn acceptably on the job. Two such aptitude area scores are re-
guired in order to make provision for variation in the jobs aveilable at
any one time and for the need to retrain men when unit missions are
changed or appropriate jobs are otherwise not availeble. The General
Technical Aptitude Areu requirement for an Army standard score of 80 or
higher (equivalent to the 2lst percentile) reflects a recent study of
Category IV personnel. This study suggested that such individuals who
are also low on the GT Aptitude Area are handicapped in perftorming up to
the level otherwise suggested by their other aptitude area scores.

With appropriate personnel and computer facilities available at the
70 or so Armed Forces Examining Stations (AFE3), a more effective pre-
diction formula could be provided by taking all the test scores into
account. However, the current system of using AFQT, supplemented by AGB
scores for Category IV personnel, seems to be reasonably effective while
giving rise to few difficulties in operational implementation.

I recognize that the induction screening program is a joint activity
of all the services. But in practive inductees enter the Army only, and
the supplementary screening of Category IV men uses only Army measures.

I have therefore discussed the screening of inductees as part of the

Army's program.

THE NAVY'S MENTAL SCREENING PROGRAM

The Navy, like the Air Force and Marine Corps, depends solely on
voluntary enlistments for its enlisted personnel procurement. The Navy
procurement strategy has been the one most clearly in the classical
sel2ction and classification model. Although a short general test has
been used at the recruiting station to indicate likelihood that an
applicant could meet the prescribed standard (A. N. Smith and Guttman, I.,
1961), the Navy has used the AFQT administered at the AFES as its primary
mental screening test. The Basic Test Battery administered at the
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beginning of boot training provides classification information on which
to base allocation to specific job training programs. The Navy and Air
Force attempt to accept as few applicants who score below the 3%1lst per-
centile on AFQT as possible. However, supply and demand factors enter
the picture quite markedly. Navy quotas tend to be only slightly af-
fected by seasonal variation, whereas the caliber ot personnel available
as applicants is considerably higher during the months following the
close of the school year and is noticeab_y lower early in the calendar
year. Fairly recently, the Navy has provided a set ot short classifica-
tion-type tests to its recruiting activities as a counterpart to the new
classification battery. These tests are used to evaluate acpplicants who
are considered for enlistment against special training requirements. As
with the Army's AQB, the validity of these short Havy tests is considered
to be that demonstrated for the longer classirication tests. The Havy's
current research efforts on the procurement problem are generally in the
direction of providing multiple forms of the short recruiting tests.
Since the following chapter covers classification measures, I will not
discuss these here.

Although the Marine Corps is in the Navy Department, its problems
tend to be more like those of the Army. This similarity is reflected in
the Marine Corps enlisted screening progrem, in which the AFQT and the
Army's AQB are used in a fashion ekin to the Army's screening of appli-
cants for voluntary enlistment.

THE AIR FORCE PROCRAM

The Air Force system for procurement of enlisted personnel follows
the industrial model, in contrast to the screening and classification
sequence of the other services. The Air Force system projects position
requirements and then enlists personnel with specific aptitude for train-
ing to fill those requirements. The AFQT is used with a relatively low
cutting score. Air Force studies of the validity of the AFT for pre-
dicting performance in job training courses in the Air Iorce showed very
favorable results, with validity coefficients penerally in the .5C's
(Brokaw, 1959a). However, the major screening .oeration Ior the Air
rforce is accomplished in a preliminary phase before the applicent is
sent to the AFES to take the AFQT. OSpecial testing teams provide fre-
quent scheduled testing sessions at different cities and towns in their
area. The test battery is called the Airman Qualifying Examination
(AQE). It is a relatively short version of the former Airman Classifi-
cation Battery, cut down to about 23 hours of testing. Unlike the other
services, the Air Force has transferred its primary classirication test-
ing to this procurement point. Only special purpose tests are given
auring orientation training for those accepted. Of cowuse, tests are
avalleble at the various air bases tor reclassif'ication purposes. The
AQE provides scores in four aptitude areas--Generel, Electronics, Admin-
istrative, and Mechanical. A percentile scale similar to that used with
the AFQT is used for the aptitude indexes, as the scores are called.

The recruiting stations are notified periodically of the gquotis needed
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ﬁ to £ill projected training requirements. With these quotas and minimum
percentile scores on the aptitude areas required to qualify for treining,
g recruiters arrange for testing the applicants and then see which appli-
cants quslify for the training spaces in the quotas. oJince most Air
Force training programs require minimum scores at the 40, 50, or 60 per-
centile levels in the relevant aptitude areas, the qualitative require-
ments are relatively high, and only borderline cases are really screened
on the AFQT at the AFES. As with the Army's AQB, the validity of the
AQE has been demonstrated primarily with the longer Airman Classification
Battery. Validity is again very high, running .60 to .80 against train-
ing and somewhat lower against on-job performance (Brokaw, 1959b).

The Air Force is seeking improvements in its procurement system
through research efforts to develop self -description mecsures to screen
out individuals with personality prcblems. The failure rate for high
school graduates who qualify on the aptitude indexes is very low. Hence,
the main target for these measures would be applicants who have not
finished high school. This group contributes too high a proportion of
vashouts, even after screening on ivhe aptitude indexes (Gordon and
Bottenberg, 1962; McReynclds, 196L).

SUMMARY

In summary, we have a picture of a complex screening program in re-
sponse to a complex personnel procurement problem. On the one side of
the picture, we have a 31st percentile score on AFQT, representing a de-
sirable global aptitude standard. On the other side, we see differential
classification measures used extensively in the screening program, with
applied standards based on aptitude qualifications for available military
Job training programs. A main concern of current rescarch in this area
is to develop effective self-description measures to screen out men who
do not possess enough self-discipline and other characteristics for
success in military service.
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CHAPTER 3 VICTOR FIELDS

DIFFERENTIAL CLASSIFICATION AND
OPTIMAL ALLOCATION OF PERSONNEL
IN THE MILITARY SERVICES

The volunteers and potential inductees [or militery service with
which Chopter 2 was concerned are civilians on the threshold oif military
service. Chapter 5 is concerned with persons who have already been
screened and who have entered the military service. Their abilities
need to oe assessed more precisely than in the screening process so as
to provide the datu by which differenticl classitication and assignment
in the military service may be accamplished.

The research programs of the services are similar to the extent that
each ains to improve the efiiciency of personnel assignment and utiliza-
tion through better classirication and allocation of personnel. Differ-
ences in the basic mission and job structure of the thrce services, to-
gether with differences in their administrative approaches, are the dis-
tinguishing features of their classification programs.

The present chapter describes in general terms 1) the current clas-
sification batteries and methods of personnel assignment in the three
services, 2) recent or current research representative of efforts to
improve these methods, and 5) the impact of camputers on differential
classification.

CURRENT CLASSIFICATION BATTERIES

The classification batteries of the respective services have under-
gone varying degrees of change over the last decade. A brief description
of the current classification batteries of the three services is there-
fore presented for background information. Basic features are summarized
in Table 1. ’
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Table 1

FEATURES OF CLASSIFICATION BATTERIES OF THE ARMED SERVICES
AS OF SEPTEMBER 1964

No. of Ag‘:;tﬁge Standard Administration
Tests Combinations Mean Deviation Time (Hrs.)
Air Force 10 L L7.5 28.8 2
Army 11 8 100 20 L
Navy 9 6 50 10 3% - 52

U. S. AIR FORCE CIASSIFICATION INSTRUMENTS

The Airman Clessification Battery. Lecznar and Davydiuk (1960) have
summarized the evolution of Air Force classification testing from 1943 to
1960. In 1948, the first Air Force classification battery for enlisted
men (Airman Classification Battery AC-lA) consisted of 12 tests and six
Biographical Inventory keys. In 1949, it was superseded by Form AC-1B
which contained 15 tests and 7 Biographical Inventory keys. Except for
minor changes, the latter instrument was used until 1956 as a basis for
centralized classification of enlisted personnel using eight aptitude
indexes. In 1956, the Airman Classification Battery AC-2A, reflecting
several major changes, was pramlgated. One major change was a different
grouping of Air Force jobs. As a result, the battery yielded five apti-
tude indexes based on scores fram 15 tests, plus scores on three scales
of a Blographical Inventory. A second major change was in the score
metric. A modified percentile score providing 20 scale units was estab-
lished for the composite scores. This battery required about five hours
and 30 minutes of testing time exclusive of breaks between tests.

The Airman Qualifying Examination. In 1953, the Air Force insti-
tuted systematic pre-enlistment aptitude testing in the field followed
by centralized classification testing. For this purpose, the Airman
Qualifying Examination, a short version of the Airman Classit'ication
Battery, was used. Finally, in 1999, the Aiman Qualifying Exanination,
administered in the field, became the sole basis ror voth screening and
classification of new enlistees; the longer Airman Classification Battery
was discontinued. The Airman Qv lifying Examination-62 is the current
battery (McReynolds, 196k4). It consists of ten tests which yield, by
various test cambinations, four composites or aptitude indexes:
Mechanical (M), Administrative (A), General (G), and Electronic (E).
Total tecting time excluding breaks is about two hours.
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The composition of the Airman Qualifying Examination-62 and the
corresponding aptitude indexes is shown in Table 2. An aptitude index
is formed by combinations of three to four tests. JSome tests enter into
the composition of more than onc index. In contrast to the old Air Force
stanine, the present battery is based on a 20-point percentile scale
ranging tfrom a minimum score of 1 to o maximum ot J7. The Airman
Qualifying Examination was standardized to s mean aptitude index of 4L7.9H
and o standard deviation of 24.4.

Toble 2

AIRMAN QUALIFYING EXAMINATION TESTS AND APTITUDE INDEXES

No. of Aptitude Index

Title of Test Items M A G B
1. Airman Arithmetic 45 b4
2. Arithmetic Reasoning 15 X X X
5. viord Knowledge 30 X X
4. Mechanical Principles 19 >
5. General Mechanics 15 X
0. Tool Functions 15 X
7. Hidden Figures 1 X X
3. Electrical Information 311G X
9. Pattern Comprehension 10 X
10. Technical Data Inter-

pretation 1u X

Many of the recent changes in the content and administration of the
Air Force classification battery were apparently dictated by administra-
tive considerations. The most important consideration appears to have
been a need for selective recruiting, that is, recruiting for specific
Job categories. As a result, the Air Force discontinued the conventional
two-step practice of screening in the field on the AFQT and subsequently
classirying acceptees in a centralized location. Instead, the Air Force
now follows the practice of simultaneously screening and classif'ying in
the f'ield at the point of recruitment and prior to administration of the
AFQT, o practice retlected in a report on the Airman qualifying E:amina-
tion as o '"selection-clessirication battery" (Meileynolds, lyoh).

These changes in test content and test administration procedures
he:ve produced noticeaple galins. Total time for test administration has
been reduced {'rom over five hours to two hours. Administrative efficiency
has been increased by combining prescreening with classif'ication and by
simplified scoring so that no negative weights are employed. According
to Lecznar (190%), the mean aptitude index for recruits has risen from
the L4O-UHth percentile in 1950 to the 92-62d percentile in 1901.
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THE U. S. ARMY CLASSIFICATION BATTERY

The U. S. Army accomplishes initial classification of personnel for
school training and for assignment to jobs by means of the Army Classi-
fication Battery, which currently consists of the eleven tesis shown in
Table 3. Total testing time for the battery exclusive of breaks is four

hours.

Table 3

CURRENT ARMY CLASSIFICATION TESTS

No. of

Title of Test Symbol Ttems
1. Verbal VE 50
2. Arithmetic Reasoning AR Lo
3. Pattern Analysis PA Lo
L. Army Clerical Speed ACS 110
5. Army Radio Code Aptitude ARC 150
6. Shop Mechanics SM Lo
7. Automotive Information Al 4O
8. Electronics Information ELI Lo
9. Mechanical Aptitude MA L5
10. Classification Inventory* cI 125
1ll. General Ilrformation GIT 50

*A self-gescription personality questionnaire used for classi-
fication to infantry combat jobs.

Since World War 1II, personnel research in the Army has sought im-
provement in techniques for classifying and assigning recruits. From a
single general mental ability test in World War II, the Army has
progressed to the current differential system of classification. In
1949, the Army adopted the Aptitude Area system of classification. In
1955, after a long period of development--and using some criteria based
on actuasl combat performance--the Combat Aptitude Areas were included.
More recently the Combat Aptitude Area was divided into two aptitude
areas: Infantry (IN) and Armor-Artillery-Engineers (AE). There are
currently eight aptitude areas which are shown with their corresponding
test caomposites in Table 4. A given score in a prescribed aptitude area
is prerequisite to assignment to an occupational area.

The Army score metric is a normalized scale with a mean of 100 and
a standerd deviation of 20.

-22 -




Teble b

CURRENT ARMY APTITUDE AREAS AilD CORRESPONDING TEST COMPOSITES

Aptitude Arecea Sytwol P'ect Composites

1. Infantry I (AR+2C1)/5

2. Armor, Artillery, Engineers AE (GIr+AI)/2

4. Electrenic EL (MA+2ELI) /3

k. Genersl Mointenance GM (PA+23M)/3

5. Motor Maintenance MM (MA+aAI)/ %

O. Clerical CL VE+AC3)/3 ,
‘(v Generel Technical GT (VLH’&R )/2

C. dadio Code RC (Vi+2ARC)/3

A wel _nted composite of only two tests is used for each cptitude
area, with some tests oeing used more than once. The Army eptitude
areas represent occupational or jou arezs which nave veen clustered on
1ne odbuasis oif cimilar aptitude requirements. ’

Ue oo HAVY CLASOGIFICATION BALTERY {

ovince vorld Jar II, the U. 3. llavy has employed o vattery of classi- '
i'ication tests known as tne liavy Basic Test Battery. The Bosic Test
3attery was so named vecause it was originally intenaed for administrae-
tion to all recruits processed througnh the Recruit Treaining Center, while
supplementary tests were to be administered only to candidates for certain
occupetional categories. For purposes of clarity, nowever, the term Navy
battery will be used herein to encompess all the Havy tests used in the
classification process

Currently, the Navy classif'ication batter;- contains nine tests which |
agre used in various combinations to ussign recruits to treining in about {
oV naval retings or occupational fields. These ratings are roughly com-
paravle to the Army Military Occupational Specialties (MOS) end the Air
Force specialty Codes (AF3C). [From the inception of the Navy Classifica-
tion Battery in world war II, the tests have been used in combinations
vhich in effect form aptitude camposites. The best combinations are de-
termined by virtue of test correletion with performance in given schools.
These comoinations, however, have never been formally identified as cam-
posites, aptitud~ areas, or indexes. T[he score metric cmployed with all
Navy classificet.on tests since .Jorld Jar II is the lavy Standard sScore,
defined as a normalized scale with a mean of 50 and a standard deviation
of 10. The tests of the Navy Classification Battery are .,hown in Table 5.
Total testing time of the battery varies fram epproximately 53 hours to
approximately Y hours because not all recruits take all the tests of the
battery. Tests such as the Electronics Technician Selection Test, Sonar
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Pitch ilemory lest, kadio Code Test, and Foreign Languoge Antitude Test

P

are administerca to personnel who score avove the meon on ¢ comoination
of GO plus AXRI.

Table

UJo 5. NAVY CLALGOLFICATION TESTOS

Title of Test

Ho. of
Symbol Itens

1.

5'

~—-

NG CUL NI 08 Oy

General Classification®
Arithmetic

lMechanical

clerical

shop Practices

Blectronics Technician selection
vonar Pitch Memory

Radio Code

Foreign language Aptitude

GCT 100
ARI 50
MECH 100
CLeER 210
SHOP 50
ETST 70
Spr 4O
RCT 150
FLAT 59

*The title "General Classification Test" reflects e kind of

administrative atavism.
correctly described by the title.

Its pre-iiorld War 1I ancestor was
Currently, the title

(retained for administrative convenience) belies its con-
tent, which is exclusively verbal--sentence campletion and
verbal analogies.

The tests of the Navy Classii'ication Battery are used in six
different combinations of two to three tests which for convenience may
be called aptitude composites as shown in Table 6.

Table 6

NAVY APTITUDE COMPOSITES

Aptitude Composites

Test Combinations

General Technical
Electronics

Mechanical and Electrical
Clerical

Sonar

Radio

GCT + ARI

ARI + 2(ETST)

GCT + MECH + SHOP
GCT + CLER

GCT + ARI and SPMT
GCT + ARI and RCT
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CURRENT AND RECENT RESEARCH ON DIFFERENTIAL CLASSIFICATION

Since World War II, the Army, Navy, and Air Force have been vigor-
ously pursuing independent programs of research to improve the existing
methods of differential classification and allocation of enlisted per-
sonnel. The aim of such research has been and continues to be to achieve
greater efficiency in utilization of available talents among the recruits
vho have been enlisted or inducted.

Such research takes the form of validation of existing tests or cam-
binations of tests against appropriate criteria of school or on-the-job
performance. It also takes the form of experimental test development and
validation to identify predictive variance not being measured by opera-
tional tests. The ultimate aim is to improve the differential validity
of the battery.

In each of the three servicesL, the battery of aptitude tests used
in differential classification and assignment of personnel has undergone
considerable evolution. The changes may be attributed to at least three
causes: (1) continued refinement in test construction and test applica-
tions resulting from test research; (2) the technological revolution
with consequent restructuring of jobs and training curricula--restruc-
turing which has directly influenced the performance criteria employed
in test validation; and (3) the increasing demands for technical skills
associated with sophisticated man-machine systems which in turn have in-
creased the demand for aptitudes of a high order.

Space does not permit a complete review of all the classification
research recently reported and now under way in the military services.
The studies described below are a sampling from recent research activities.

RESEARCH STUDIES
U. S. AIR FORCE

McReynolds (1963) has recently reported the validity of the Airman
Qualifying Examination for predicting performance in 49 technical train-
ing courses. Final course grade in standard score form was used as the
criterion. The training courses were categorized as mechanical, admin-
istrative, general, and electronics--corresponding to the four aptitude
indexes with the same names. McReynolds summarized the results as
follows:

L The U. S. Mariae Corps, while a component of' the U. 5. Navy, employs
the classification tests of the U. 5. Army.
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With only two exceptions, the selection aptitude index
has the highest validity foi* the courses in its area

and these values for the most part range from .55 to
«T0....the Electronics AI yields the most satisfactory
overall level of prediction, but the other three indexes
are also at acceptable levels. Thus, the Airman
qualifying Examination has proven its adequacy as an
instrument for use in the initial assignment of enlistees
to technical training schools.

Ir an Air Force study reported by Lecznar (1904), years of educa-
tion as a possible predictor of technical training success wes investi-
gated. The results of the study showed that years of education as a
continuovs variable, when added to the classification test variables,
yields no practical improvement in the prediction of training perform-
ance. However, Brokaw (1963) reports that prediction of technical
school success improved significantly when a number of education vari-
ables derived from self-reports were combined with Air Force Aptitude
Indexes.

Flyer (1963) studied the validity of Air Force aptitude indexes
together with high school reference data and basic treining evaluations
es predictorc of unsuiteble adjustment. The latter two variables,
school rererence data and basic training evaluations, proved predictive
of adjustment to Air Force standoards of performance.

In a study comparing Air Force aptitude indexes witih corresponding
test composites of Project Talent tests (lecznar and Tupes, 1906%), con-
version tables between the two measures were developed to provide a basis
for standardizing future tests directly on a 1960 population in lieu of
the World VWar II population on which present Air Force tests are stand-
ardized.

U. S. ARMY CLASSIFICATION RESEARCH

The Army conducts studies to maintain the Army Classification
Battery and to increase its predictive and differentiel validities. A
predictive validity study may concentrate on a single job area. The
aptitude area camposite which is used to assign men to a job area is
compared with a second and sametimes a third composite selector.
Evaluations of camparative validity determine whether a composite should
be replaced. Both school and on-the-job criteria are employed to evalu-
ate the composites. Results of individual predictive validity studies
are combined and analyzed to yield a comjrehensive assessment of the
effectiveness of the Army battery for diflerential classif'icetion. The
focus of inquiry is on the content and scope of each test. The principal
aim, however, is to determine hov each test should be modif'ied to in-
crease its usefulness in the battery for differential classif'ication

(Helme, 1960).




In a summary study of the differential validity of the ACB for T3
courses in seven job arees (electronics, electrical maintenance, preci-
sion maintenance, motor maintenance, clerical, general technical, and
radio code), Helme (1960) found the Automotive Information, Army Clerical
Speed, Army Radio Code Aptitude, and Electronics Information tests to be
highly satisfuctory selectors for differential classification. The
Verbal Test, Pattern Analysis Test, and Arithmetic Reasoning Test were
effective for some specific occupational areas but samewhat more useful
across several areas than is desirable for differential classification.
The Mechanical Aptitude Test and Shop Mechanics Test proved to be effec~
tive in assignment. The validity patterns of tests in the mechanical-
electrical areas indicated a need for improvement in differential pre-
diction.

In a subsequent study (Helme and Fitch, 1962), the relationships
between Army classification tests and final course grade in 75 MOS were
factor-anslyzed to investigate the occupational groupings of Army Jjobs.
The anclysis yielded six factors which accounted for almost all the valid
variance: a large general factor; two large group factors (electronic
and mechanical), and three small group factors (clerical, motor mechanics,
and radio code operations). The 75 MOS were classified into 10 groups
according to their factor loadings. Standard regression equations for
each cluster were derived. The results showed that the test cambinations
differentiated nine of the clusters. The test cambinations and the Jjob
clusters corresponded very closely to the aptitude areas and occupational
areas currently in use, demonstrating the effectiveness of the present
system but indicating some basis for reconstituting the present aptitude
areas.

U. 5. NAVY CIASSIFICATION RESEARCH

The Navy classification research program has three aims: (1) to
discover test content that will contribute unique valid variance to the
existing battery, (2) to improve pra2dictive validity of the existing
battery by improvements in the component tests of the battery, and (3)
to improve differential validity of the existing battery by reconstituting
test combinations that are used to predict performance in schools.

In the most recent study to improve the differential validity of the
Navy Classification Battery (Alf, Gordon, Rimland, and Swanson, 1962),
the Nevnl Knowledge Test, ti< Biographical Information Blank, and the
Navy Activities Preference Blank (an interest inventory) were added to
the existing tests of the 1957 battery for experimental purposes. Tests
with more than one section were part scored, resulting in an experimental
battery of 25 predictors. The battery was administered to about 51,000
recruits assigned to over 80 Navy schools for training in various occupa-
tional t'ields. The measure of criterion performance was final school
grades.

S Eho




While the advantages of a unique set of predictors and weights for
optimal assignment to each school were fully recognized, considerations
of economy and practical limitations under current conditions of military
classification precluded such an approach. For administrative feasi-
bility in operational testing, a limited number of prediction equations
based on groupings of similar courses was aimed at. Groupings were de-
termined on the basis of (1) similarity in curriculum content, (2)
similarity of interests as measured by the Navy interest questionnaire,
(3) patterns of validity, and (4) results of a factor analysis of pre-
dicted grades derived from actual regression equations. The analysis led
to the identification of four occupational groupings: clerical, elec-
tronic, electrical-mechanical, and general technical.

This study resulted in the following mejor findings:

l. The Naval Knowledge Test which was presumed to measure same kind
of motivation for Naval activities did not add any significant variance
not already accounted for by other tests in the battery. It was therefore
not included in the final composition of the revised battery.

2. The Biographical Information Blank showed very little independent
validity and was therefore not included in the revised battery.

3. The Arithmetic Computation section of the Arithmetic Test tended
to depress the validity of the test. The computation section was there-
fore removed, leaving only arithmetic reasoning items.

L. The Clerical Test was found to contribute some unique valid
variance to the battery but not enough to make it a very effective test.
Nevertheless, this test was retalned in the battery with the expectation
of further effort to increase its validity.

5. The Shop Practice section of the Electronics Technician Selec-
tion Test proved to be highly valid for prediction of grades in the
mechanical and electrical schools. The section was therefore consider-
ably lengthened, removed from the Electronics Technician Selection Test,
and made into a separate test of the battery.

6. The median intercorrelation among test combinations or com-
posites was reduced from .80 to .70, thereby increasing the differential

validity of the totel battery.

7. The changes in the compousition of the battery yielded an in-
crease of approximately 5% in the number of recruits eligible for assign-
ment to schools without any loss of validity.

8. The Navy Activities Preference Blank did not prove to be a use-
ful addition to any of the test camposites. As an adjunct to the battery,
however, scores on the several keys of the blank serve as guides to the
classification interviewers in determining level of the recruit's inter-
ests or aversions with respect to certain occupational fields.
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In another study (Shaycoft, Neyman, and Dailey, 1962), tests of the
Navy battery and Project Talent tests were adminictered to Navy recruits.
Results were campared with Project Talent data on male high school stu-
dents. The intercorrelations among these tests will provide useful data
in the event it is desired to use a more recent standardization population
than the World War II standardization population on which the present
battery is based.

In an effort to discover additional valid variance, three tests--
Automotive Knowledge, Dial and Table Reading, Pattern Camprehension--have
been developed. These tests have been validated against school perform-
ance criteria. Based on their validity for performance in certain schools
and their intercorrelations with tests of the Navy Classification Battery,
they show pramise of contributing to the predictive efficiency of the
battery.

THE IMPACT OF COMPUTER TECHNOLOGY ON DIFFERENTIAL CLASSIFICATION

A review of the published literature on military classification re-
search indicates no spectacular breakthroughs in the way tests are used
singly or in caombination to predict performance. The literature indi-
cates an almost exclusive use of school grades as criterion measures.
The implicit assumption is that performance in training schools 1is
correlated with performance on the job, although this relationship for
all schools and all job areas is open to serious question (3liclman and
Kipnis, 1960). Cutting scores for assignment to schools arc¢ tantamount
to standards for assignment to occupational fields. Allocation of per-
sonnel on the basis of cutting scores on test composites, aptitude areas,
or aptitude indexes are performed by accounting machine procedures and
punched cards. These procedures can exploit only a limited amount of
predictive data as compared to the capacity of camputerized procedures.

For more than a decade, serious thought has been given to a feasible
solution of the overall personnel classification problem--the optimiza-
tion of assignment of all personnel to all jobs. In theory, the problem
was solved same time ago by the application of the transportation model.
As applied to the problem of personnel assignment, the transportation
model treats each man as a transportation source and the job areas or job
families as the destination. But administrative and technical problems
have slowed progress in aprlying these models in the actual military
assignment process. Nevertheless, the work of the Army, Navy, and Air
Force toward a feasible and practicable application of the transportation
solution has begun t0 bear fruit.

Holdrege (1962) reported the results of Air Force research on OSCAR:
Optimum Selection, Classification, and Assignment of Recruits. He pro-
posed three mathematical models for use with camputers and claimed that
these models have the capability of providing meanagement with meaningful
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information for controlling a camplex personnel system. .ard and Davis
(1963) described a procedure whereby human judgm:nts may be simulated
on a computer. The essential procedure is to use predictor variables
in an equation that best predicts the sample of decisions.

The Navy has also devoted a portion of its personnel research effort
to the potentislities of camputers in personnel assignment and manpower
Planning. Project MOON has produced a feasible model designed to simulate
the effects of a number of variables that related to long-term manpower
planning and projections (Knetz, 1963). With respect to personnel assign-
ment, research is under way to automate procedures concerned with test
scoring and with recording and employing data that constitute the bases
for personnel assignment. The ultimate aim is the use of computers in
optimal allocation of all personnel to all job categories in the Navy.
While a suitable computer program for this purpose has been developed,

a number of difficulties--largely administrative in nature--still stand
in the way of immediate operational implementation.

Perhaps the most encouraging progress toward administrative accept-
ability of computerized optimai allocation has been reported by Boldt
| (1964) for the Army. Boldt's research is a logical outcome of the work
. of Brogden (1946, 1954, 195%) and Dwyer (1954, 1957). As Boldt indicates
] (196)*; P-j):

The figure of merit appropriate for allocation purposes
is called the "allocation sum". It is obtained by
adding, for all personnel to be allocated at a given
time, scores on the aptitude areas appropriate for the
MOS to which they are allocated. This allocation sum
is to be maximized subject to the restraints that (1)

a man can be assigned to one end only one job; and

(2) the number of personnel assigned to a given job
meets a prespecified demand.

In the Army solution, a matrix of "value on the job" indexes, the
\ aptitude area scores, is used, with rows representing persons available
for assignment and columns representing jobs. Boldt (196hk) indicated
that major administrative and technical problems that heretofore stood
in the way of application of the transportation model to mass assign-
ments of personnel to Army jobs have been resolved.

One msajor problem is that the demand for given numbers of person-
nel with specified aptitudec often exceeds the available supply. Under
such circumstances the problem is indeterminate. The sclution reached
by the Armmy was to specify a cut-off at the 30th iteration, at which
point the computer would "(a) minimize the remaining overages and
shortages, if any, without regard to personnel quality over and above
minimum prervequisites; and (b) print out the resulting assignments and
quotas met' (Boldt, 1964, p. 6©). The resulting print-out must then be
exanined for final decasions.
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On the basis of this model, 100 personnel were processed on &
trial basis in hi hours. The results of this procedure were compared
with results obtained by current Electric Accounting Machine (EAM)
methods on an N of 1204, Table '/ shows that the proposed camputer
allocation method yielded average aptitude area scores that were equal
to or higher than those obtained by the current EAM allocation method.

On the average, the gain in mean aptitude area score was about 10 points,
which is equal to one-half a standard deviation.

Table 7

CQiPARIGON OF AVERAGE APTITUDE AREA SCOREs OBTAINED BY
COMPUTER ALLOCATION AND BY CURRENT EAM ALLOCATION

Camputer Allocation Method EAM Allocation Method

Occupational Field (N = 5100) (N = 1204)
Infantry 109 93
Other Combat 111 102
Electronics 120 112
General Maintenance 117 105
Motor Maintenance 113 109
Clerical 11k 11k
General Technicel 121 103

In view of the continued emphusis on differential ussignment and the
rather recent availability of computer facilities, the prospect is now
very bright for developing feasible models for solution of the personnel
assignment problem in all the services. Administrative ana technical
problems peculiar to each service will initially require cuampromises
which will afif'ect the accuracy of allocation. But even with campromises,
computer techniques will undoubtedly result in allocations superior to
those now accomplished by card punch and electrical accounting machine.
As time goes on and proposed procedures such as the Army's ure adopted
in whole or in part, the advantages of computerized allocations will
vecowe even more apparent. In the near lruture, demands rraan military
menugemnment 1'or the developuwent of more erficient perconnel allocation
techniques cun oe expected. The availability of camputer methods will
make use of larger bodies of date econamically practicable, and classi-
fication research in the military services will be spurred to greater
efforts to identify and utilize a greater range of predictive data than
is now employed.




A

SUMMARY

The classificatior batteries of the military services have under=
gone considerable change since World War II. The Air Force battery has
been subjected to the greatest change and is the only one that may be
characterized as a selection-classification battery employed in the
initial screening process. All the services conduct research aimed at
improving predictive validity for school assignment and differential
classification. Air Force testing is aimed at classification into four
aptitude indexes; Army testing is aimed at classification into eight
aptitude areas. DNevy testing is aimed normally at classification into
about 60 occupational ratings which in effect reduce to six occupational
fields or composites. All the services are striving to implement com-
puterized techniques to effect optimal assignment of all personnel, but
the Army seems to be most advanced in this regard. Despite some admin-
istrative difficulties, the outlook for computerized optimal allocation
in the military services is very promising.
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CHAPTER 4 LELAND D. BROKAW

NONCOGNITIVE MEASURES
IN SELECTION OF
OFFICER PERSONNEL

The military services have made extensive use of paper-and-pencil
tests in their officer selection programs for many years. The aptitudes
predictive of academic success in officer training are well identified
and constant across the services, although there are specially named
tests in each program. Measures of arithmetic reasoning, of verbal and
spatial skills are virtually standard for prediction of success in the
basic areas of officer training. The Air Force uses additional sensitive
measures of spatial skills in its aircrew selection programs, but these
are esoteric and depart from the general domain of officer selection as
such. Vhen research is turned to the interpersonal and leadership skills,
the aptitude tests show less validity. Prediction of criteria of officer
performance or leadership behavior depends on factors beyond those
measured by the conventional asptitude test.

Noncognitive measures have been used in the selection and classifi-
cation of military personnel for many years. Biographical inventories,
attitude and preference scales, experience and ectivities inventories,
and temperament and personality tests have been used in various programs.
The heterogeneity of measures in this damain is highlighted by the gener-
ally adopted device of lumping them as "noncognitive" measures. Intui-
tively, as vwell as on the basis of proper validation, these devices have
appealed to workers for use in the selection of leaders. Juch measures
seem to tap what a man will do rather than vhat a man can do.

AIR FORCE RESEARCH ON NONCOGNITIVE MEASURES

In a sumary of a series of regression analyses against leadership
criteria at the Air Force Academy, Creager ana Miller (1961) state:

The criterion used for predictive studies of leadership
has been the Cadet Effectiveness Rating. oJtudies of the
experimental and selection tests administered to date have
indicated that this criterion is not generally predictable
fran such cognitive measures as aptitude and achievement
tests. Considerable evidence has accumulated, however,

to suggest that prediction is possible fram noncognitive
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inventories and related devices. Juch results are not
surprising in view of the noncognitive nature of the
criterion itself.

The important of leadership or officer-like behavioir has made it
the prime target of research {or nany years. An early success in pre-
diction was reported by Tupes (1957) in his account of a long-range re-
search program initiated in 1949. This study embraced Officer Candidate
School students as subjects and included, among other variables, a series
of peer ratings based upon descriptive trait ratings which had been
assembled and studied by Cattell (1947) and Fiske (1949).

The primary criteria for Tupes' investigation werec officer effec-
tiveness reports covering the period from the time of graduation {rom 0CS
until early in 1953. The period covered varied from early 1yhg (Class
49-B) through 1951 (Class 1951 D). Although the number of OERs veried
from 3.5 per officer from the first class to 1.3 for officers in the
latest class, there was an average of 2.3 OERs for each of the 900
officers in the total sample. Academic grades and military grades
achieved in OCJS were retained as criteria for the peer ratings and as
predictors for the later QERs. Procedures and results of the analyses
based on 79U cases for whom complete data were available are best ex-
pressed in the investigator's own words:

Peer ratings on 30 personality traits were obteined for
candidates in each of six Off'icer Candidate chool
classes. Bach trait was validated separately agoainst
OCS lMilitary Grades, OCS Academic Grades, and later
Officer Lffectiveness Reports. The traits were grouped
into clusters on the vasis of their interrelationships
and a multiple correlation computed between this reduced
set of variables and the QOER criterion. Obtained beta
welights were then used to derive a set of simplified
weights which were used to develop a composite trait
roting tor each OC3 class separately. The validity of
this composite was obtained for each of the three
criteria f'or each OCs clacss and for the totul group.
Cumparisons were made betueen the validity or the
composite against CBRs and the validity of Acadenic

and lilitery Grades ageinst the sume criterion.
Class-by-class puatterns ol validities were cuamined to
sece vhether certain verictions in the rating conditions
hed resulted in expected etfects.

A majority of the perscnclity trait ratings were found
to have substantial validity against each criterion.

A multiple correlation between a reduced number oi
traits and OERs was highly significant (eppro:imotely
numerically equal to the relicbility of the criterion).
The class-py-class validities of' a composite based on
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simplified weights appeared to vary considerably;
however, this variability did not appear to be a
systematic function of differences in rating condi-
tions. The validities of the trait rating composite
against CERs were as high as, or higher than, the
validities of a more global rating of leadership
potential (the Military Grades) or of achievement as
measured by Academic Grades. The composite correlated
sufficiently low with Academic and Military Grades to
indicate a certein amount of specific variance. When
the trait rating composite was combined with Academic
and Military Grades, the validity of the combination
against QERs was higher than the velidity of either
alone. There would seem to be little doubt that
personality trait ratings by peers, at least as
obtained in the present study, are related to later
successful on-the-job performance of officers.

The success enjoyed in this investigation triggered a series of
studies to assess the characteristics of the descriptive trait ratings
that had yielded unique prediction of the officer effectiveness report.

A series of analyses reported by Tupes and Christal (1958, 1961),
Wherry, Stander, and Hopkins (1959), and Tupes and Kaplan (1961) demon-
strated a stable factor structure for the trait ratings in many types of
populations and repeatedly in Air Force samples. There is agreement
across these studies that, while the five factors repeatedly identified
are not the only factors operant in the personality domain, they are
stable and therefore of possible use. The five factors were thus
described by Tupes and Christal in 1958:

The first factor seems to be that labeled by French
(1953) as Surgency. It is highly loaded by the traits
Assertiveness, Frankness, Energetic, Talkativeness,
Adventurousness, and Sociability.

Factor II is defined by Cooperativeness, Attentiveness,
Good-Nature, Mild-Manner, Absence of Jealousy, and f
Emotional Maturity. It corresponds very clogsely to the i
factor labeled Agreeableness by French.

Factor III has its highest loadings on the traits
Responsibility, Conscientiousness, Orderliness, and
Conventionality. This factor in many respects is like
that labeled by French as Dependability or by Fiske as [
Conformity.

Factor IV appears to be Emotional Stability. It is
defined by Calmness, Placidity, Poise, and lack of
Neurotic or Hypochondriacal Tendencies. French lists
the inverse of this factor as Emotionality.
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Ffactor V is defined by Artistic, Cultured, Imaginative,
and Polished, and appears to be the factor labeled by
French as Culture.

The results of these anelyses indicate that differences in samples,
situations, and length of acquaintanceship have little cffect cn the
factor structure underlying ratings of personality traits. ile are not
yet ready to suggest that these five factors are the primary personality
factors and certainly they are not the only ones. Nor would we want to
assert that our factor structure is the only one. Other investigators
using the same date might arrive at a recurrent structure quite differ-
ent from ours. Undoubtedly, studies can be designed and reting situa-
tions set up so that other and dilfTerent fectors would emerge. However,
it does seem {eoirly safe to ccnclude that the factor structure of per-
sonality troit retings is sufficiently invariant so that cuch ratings
may be regerded as useful in the study of individual differences in per-
sonality and in the prediction of future behavior. If peer ratings are
obtained on personality trait retings within any convenient rating group,
relationships f'ound between those ratings and other measures may ve
generalized to other populutions with same degree of safety. Trait
ratings, it appears, may be used as the pasis for studies designed to
identify general laws and dynamics of interpersonal behavior, and as
criteria {or the development of personality tests which, when sufficiently
valid, might be used instead of the trait ratings in situations (selec-
tion, for example) where such retings are difficult or impossible to
obtain.

The next step in exploiting the findings of validity of aescriptive
trait ratings in predicting later CER's and the discovery of the factor
structure behind the ratings was to replicate the variance in a vehicle
more r'lexible than the peer rating. It is apparert that peer ratings
cen be collected only from groups which have existed for sufficient time
"o have developed adequate basis for the rating process. The time may

2 quite brier, on the order of a week or so, as suggested oy Hollander
(1950) who, i1 research in the lavy Officer Candidate School, iiscovered
stable peer ratings to exist after perilods as brief as five days. Sav-
ings in time and money would result if the essential variance could be
captured in a scale or questicunaire to be answered by the individual.

Accordingly, a contract was written with the University of Michigan,
with Dr. warren T. Normen as principal investigator, for an attempt to
develop paper-and-pencil tests which would tap the variance of the five
rating factors. le has reported the work of this contract in three
reports (Norman, 196la, 1961b, 1962).

A number of assessment measures were constructed to permit develop-
ment of self-report devices to tap the five peer rating factors. 1In the
construction of these measures, the attempt was mede to minimize the in-
fluence of feking by respondents, to maximize the empirical validity of
the self-report measures for the peer rating dimensions, and to minimize
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the intercorrelations of the various scales. It wes necessary, of course,
to develop both criteria and predictor measures for use in the speciclized
setting availoole to the controctor. For both preliminary exploration

and final velidetion of the instruments, peid male volunteers living in
fraternity houses, cooperative groups, and dormitories «t the University
of Michigan were the suojects. These groups had the necessary background
acquaintance f'or proper completion oi' the neer rating criteric.

In addition to the criterion rating scales, threc liinds of' inventory
were constructed--the Descriptive Adjective Inventory (Dial), the Occupa-
tional Preference Inventory (OPI), and the -orced-Choice .;elf-Report
Inventory (FCSRI). These were in part constructed of muterizls taken
{rom otner insctruments in the field and of parullel material constructed
by the project staff. A number of tests vere also selected from other
sources for inclusion in the exrerimentel batteries. Anong these were
the .elsh Figure Preference Tesc (WFPT'), Cattell's lo-Factor Uojective-
Analytic Test Bottery (u-A Battery), o test of general woility called
General Knouledge=-A ti % had peen extracted fram the Cooperative General
Culture Te:zu, and a test of self-cont'idence called the Decision Analysis
Test. Two Alr Force experimentol tests were included--Culture-E, a
measure of information in esthetics, and Lelf-Crediting V, a measure of
risk-taking tendencies or self.confidence.

The criterion peer retings and test scores were collected in 51
rating groups totaling 450 male students for whom complete data were
available. These cases were divided into two equivalent sanples, with
cere taken to equate the factors of {raternity or dormitory residence,
cnllege class year, and the factor structure of the criterion ratings.

Keys for eocch of the five factors vere empirically derived in each
of these groups, ana the validity of each key was deternined in the other
sample. After acceptance of the keys as being of satisfactory validity,
regression weights i'or each key based on the sample in vhich the key was
derived were applied to the other sample in a double-cross validation
analysis.

The best predictors of the peer retings for each of the five factors
vere the various keys developed Tor two instruments designed for the
study--the Deccriptive Adjective Inventory and the Forced-Choice Self-
Report Inventory. Zero-order vaiidities were highest for these measures
and their multiple ccrrelation coefficients were not significantly im-
proved by addition of other tests.

Cross-validity coefficients ranged from .44 to .20 for the peer
rating criteria. Prediction of the first factor, Surgency, was best, of
the fourth factor, Emotional Stability, lowest. All the cross-validity
coefficients were of a magnitude encouraging in the areac of temperament
or personality evaluation.
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With the analysis just described, Dr. Norman's contract was com-
pleted. The Air Force is moving forward with a research program to
clarify and improve the work initiated. We have collected peer rating
data and test data for large samples of Officer Training School students.
As the data mature we will be able to determine the validity of the
peer ratings and of the questionnaire data and to campare their effec-
tiveness as predictors of officer success in the Air Force operational
evaluation program.

NONCOGNITIVE MEASURES USED BY THE U. S. ARMY

The United States Army officer seleciion programs for the United
States Military Academy, the Reserve Officer Treining Corps, and the
Officer Candidate School indicate the usefulness of noncognitive
neasures in officer selection programs. In addition to the necessary
physical and moral screening, there is a dual evaluation of the indi-
vidual's mental campetence to handle the demands of the officer's task
and of his leadership skills. The present status of Army research in
these areas is well described in a series of reports issued vy the U. 3.
Army Personnel Research Office (Brogden et al, 1952; Haggerty, 1u93;
and Parrish and Drucker, 1957).

In each program, similar measures of leadership appecar. These
include an obJjectively scored report of officer potential, an inventory
of personal and background factors, and a boerd interview procedure.

In the OCS program, the report of officer potential is an intensive
rating of the individual's performance as an enlisted man which would
indicate his potential officer qualities. 1In ROTC selection--in which
there is much less opportunity for leadership evaluation--the program
includes a biographical inventory blank and ratings of military per-
formance. The latter are basic to the identification of distinguished
graduates of the ROIC program, as well as to the elimination of un-
promising cadets. Similarly, in research for the USMA program, apti-
tude for the service ratings serve as criteria for the validation of
selection measures and also as predictors of later officer effectiveness.
Both the RC{C and the USMA use the device of summer encampments to create
meaningful situations in which leadership qualities may be objectively
assessed.

The leadership measures in the three programs are accampanied in
varying degrees by measures of intellectual abilities. In OC5 selection,
general competence as evaluated by a general aptitude score suffices.

In the ROTC program, a more extensive battery to predict academic success
is applied. And in the USMA prog:ram, a detalled battery of tests
assesses the probabilities of success in the academic program.
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Validation of intellectual measures and leadership predictors
against garrison and cambat criteria indicate:; that a major portion of
the predictable variance is covered by the leadership measures. The
most enduring validity has been found for peer rating measures and the
USMA aptitude for the service ratings. In this domain, Air Force and
Amy have exactly parallel results.

The Army ic involved in a comprehensive study of the possibility of
differential classification of Army officers by major arcas of assign-
ment. This study involves the administration of a series of tests called
the Differential Officer Battery and the collection of situational cri-
teria in technical, administrative, and cambat areas.

The battery hes been administered to a large sample of incoming
officers. Predictors of six types were retained in the Differential
Ofticer Battery. As reported by Willemin (1964), these include:

1. Biographical and self-description instrumenvs. These measure
background, personality characteristics, attitudes, and expressed
interests.

2. Information tests. Instruments in various subject matter areas
follow the hypothesis that information gained, particularly without
formal training in a subject, reflects interest in the area. Information
specific to military tactics, logistics, finance, and non-military
general information is included.

5. GSocial perception tests. These tests evaluate ability to
estimete the opinions of others in a group or to perceive similarity or
differences in the views or attitudes of individuals.

4, Command judgmeni. A nmotion picture test of specded practical
Judgment has been devised.

. Tests of physical skills and stamina. These arc measures of

physical prof'iciency similar to those which have been found predictive J
ol leadership ratings of USHMA cadets :nd the perromence o enlisted
personnel in Arctic maneuvers.

v. Peer evaluations. Peer ratings were collected at cach Branch
school during the seventh week of the Officer Orientation Coursc.

The situntional criteria were collected late in the tour (cofter r
about 15 months) at the Officer Evaluation Center at Fort McClellan. A
In a format of tasks encountered in an assignuent at a Military Advisory ,
and Assistance Group, each of'ficer was evaluated in technical, adminis-
trative, and combat tasiks. There wvere 1'ive exercises in each area. The
scrivt took cach evaluated officer through these tasiks in a continuous
order. ‘hus, officers trainecd and assigned in each of these ereas were
cvoluated in all three areas, vermitting analysis oi' the Differential
Officer Battery so as to maximize its validity for each area.
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This study is not yet complete, but is well along in the collection
of data. The first differential validity analysis will occur in 1964-65
as sufficient cases accumulate. It is anticipated that the resulting
measures will be applieu first in the ROIC program, as validation studies
indicate the proper use for the predictors involved.

NONCOGNITIVE MEASURES USED BY THE NAVY

The Navy has accamplished research on a number of noncognitive
selection devices against various criteria of success. Selection inter-
views for NRUIC students and for OCS candidates have shown little
validity except when focussed on the point of career planning, as re-
ported by Rimland (1959). Further efforts to exploit the areas of
self -reported background information and to assess interest through in-
formation tests have been reported by laGaipa (1960). A battery of
eight experimental biographical and self-description inventoriles were
administered to two OCS classes and validated against fleet criteria a
year later. None of the paper-and-pencil devices was identified as a
useful predictor of general fleet criteria--two of the tests were valid
for criteria derived from Shore billets, but none for the Fleet. The
two tests which did show Shore -/alidity were the Cooperation Test, a
forced-choice self -descriptive inventory, and the Petty Officer Descrip-
tion Scale, another forced-choice instrument hinging upon the differ-
ences between descriptions of successful Petty Officer supervisors
obtained from enlisted personnei and from officers.

An outcome of the research which parallels Army and Air Force ex-
perience laoy in the validity ol OCS peer ratings of aptitude for military
service for the criterion of the officer fitness reports.

An investigation of the extent to which physicel proficiency and
sports information measures were correlated with Naval success has been
reported by Rimland (1961). Such measures are used by both the Air
Force and the Army in their academy selection programs, and show con-
sistent validity for such measures of success as the cadet's aptitude
for commissioned service rating. The Navy found low--barely significant--
validity for career decisions and fitness reports, and concluded that the
tests would be of limited value in the Navy selection system. The physi-
cal proficiency tests did show same promise for those specialties which
were physically demanding, but did not warrant adoption as a screen for
all potential officers.
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SUMMARY

The militery services have cooperatively and independently arrived
at aptitude measures for the selection of oft'icers which are parallel
in content across the services. A review of recent research on officer
selection instruments in the noncognitive domain reveals that all three
services have found that peer ratings collected during training are pre-
dictive of later officer pertormance as measured by the operctional
evaluative instruments. All three have had difficulty in the attempt to
identil'y parer-and-pencil perscnality tests predictive of operational
criteria of off'icer effectiveness.

The Air Force ic attempting a possible breakthrough in the evelua-
tion ot instruments intended to replicate the variance oi' the peer rating
Situation. The Army is conducting an extensive lasboratory criterion
development excrcise in an attempt to identify differentially valid
factors in a paper-and-pencil test battery. The Navy is depending on a
system of interviews and paper-and-pencil tests, coupled with the collec-
tion of various datc descriptive of school success.

It is entirely possible that the military services stand upon the
threshold of a capability f'or the identif'icetion of what a men will do,
as well os what 2 men can do.
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PART I 1

REVIEW OF _
CONTEMPORARY MILITARY TRAINING RESEARCH: ]
THE STATE OF TRAINING TECHNOLOGY AND
STUDIES OF

MOTIVATION AND ATTITUDES IN LEARNING
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INTRODUCTION TO PART Il

The principal perticipant and chairman of Part II, on military
training, is Dr. Mereditnh P. Crawford, Director «f the Human Resources
Research Office of the George VWashington University. In Chapter 5,

Dr. Crawford reviews recent research on individual and small unit train-

ing with special reference to research on leadership behavior and
motivation.

Dr. Crawford enlisted the participation of Dr. Gordon Eckstrand of
the Behavioral Sciences Research laboratory, Wright-Patterson Air Force
Base, and of Dr. Glenn L. Bryan, Office of Naval Research, Washington,

D. C.

In Chapter 6, Dr. Eckstrand defines the technology of training as
"the things a training institution characteristically does in setting
up and managing a training program to produce men capable of 'performing
effectively'”. In discussing the body of knowledge and techniques
applicable to practical problems encountered in designing training
systems, he makes a distinction between the psychology of training and

the psychology of learning.




CHAPTER 5 MEREDITH P. CRAWFORD

TRAINING FOR LEADERSHIP,
COMMAND, 1
AND TEAM FUNCTION :

SCOPE

During the past decade, research and development in military train-
ing have broadened in scope. In 1391, .olfle wrote, "The psychology of
training is the applied psychology of learning" (1951, p. 1276). while
he devoted some space to the question of what should be taught, that is,
curriculum content, i/olfle's main emphasis was on those manipulable con-
ditions which promote learning.

oince then, increasing attention has been focused on the study of
the joo, the team, the organizetion, and the man-machine system in which
the treined man will operate. Kecent outlines of the steps requirea to
uevelop o training program (Crewford, 1962; Eckstrand, 19ok) begin with
a study of tne system end the joo. It may be fair to say that, during
the last ten years, studies of' the curriculum which have derived from
examination of' the joo and the system have made grester contributions
than research in training media. This assertion seems to ignore specta-
cular advances through programmed instruction. However, the precise
determinaticn o1r training objectives, pased on joo study, is usually
f'unuamental to ueveloping an erificient series of training frames for
elfective job-oriented programmed instruction.

In considering training research and development from either the
methodological or the suostantive point of view, the ranifications of
interest they engender are almost inf'inite. gRelated to methodology,
which we may call the developing technology of training, are the areas
of operations research and systems analysis, techniques of job analysis
and task and skill analysis, the experimentel psychology of human learn-
ing, studies of motivation and incentives, and the techniques of measure-
ment of achievement and performance--in short, a wide range of concern
within and outside the field of psychology.

The substantive studies--those leading to specific military train-
ing programs for current and future systems--embrace an equally wide
range of related interest and information necessary to the training re-
searcher. The researcher must know the particular military system and
setting, current policies, trends, missions, and especially the person-
nel policies of the service or branch in which he works. 1In addition,
he must keep abreast of actual or potential contributions to understand-
ing and improving human perforuance made by fellow human fectors
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scientists in selection, classification, hwuan engineciing, and person- i
nel psychology, as these relate to his field of interest.

In viev of the mass of material relevant to reseurch in training in '
the services, panel members decided to eliminate meny to.ics and concen-
trate on & few., Certain major substentive topics were assigned to Dr.
Bryan and to me, and the methodnlogical and technc’ogical areas to Dr.
Bekstrand. JSubstantive topics chosen ere technical training and antici-
petion of training requirements (3ryan), and training for leadership,
camand, and team function (Crawford).

Following this arbitrary dissection of the whole body, a few remarks
are in order on wvhat has been left out. For example, no revievw will be g
presented on recruit training. Some studies are under way in all three
services, with a heavy concentration in this area by the HumRRO Training
Center Research Unit at Fort Ord, where both research and consultation :
have been of use to the Army in significant changes now under way in the
content and administration of basic training.

Again work is going on in all three service toward developing and
improving treining programs for many occupational specialties. The ex-
tensive develorment of programmed instruction in the Air Force, reported ;
by Ofiesh (1963), represeats a major advance in training efficiency in "
that service. Recent work has been done in the Navy on doppler and sonar
training. Under Aray auspices, in addition to much work on electronics
maintenance training, new curricula have been developed for the aerial
observer, for the infantryman in land navigation and fundamental combat
skills, for the operators of air defense equipment, and for vehicular
mechanics.

Flying training is another area which has been omitted from our pre-
sentation. The Navy has, in recent years, produced studies in training
for jet aircraft. The HumRRO Unit at the Army Aviation Center (Fort
Rucker) has done research and development on elementary training in both
fixed and rotary wing eircraft, problems of low-altitude high-speed fly-
ing, and gunnery training in the armed helicopter.

Research on more general training matters neglected by this penel
would include a few bits of data on motivation for training under various
circumstaences, and the already large volume of literature on psychological
considerations in the development of training devices. Many excellent
papers on this topic have recently became available (as for example, Smode,
Gruber, and Ely, 1962, 1963) which summarize much information related to
developing all kinds of training programs. This fundamental technology
belies the artificial distinction between interests in training and in
training devices.

Another large topic not being covered is work on training in many

kinds of specific skills, usable in a variety of occupational specialities.
Excluded, for example, are recent studies in foreign language training
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which use autamated methods, research on training in perceptual skills,
and studies on the determinants of transfer of training among related
military programs.

It would also be usetul, had we the time, to review the kind of
statements of doctrine about training which are current in the various
service. For example, a recent publication of the Air Training Command
(1963) sets up a very forward looking system of perameters in which to
plan new training for the Air Force. Also, in this connection, time
could profitably be devoted to practical considerations involved in
implementing the results of training research and development and to
theoretical problems arising from attempts to generalize from studies of
the engineering type (see Finan, 1962).

In deploying his forces for strategic or tactical purposes, the
military commander must assess the strength, equipment, and readiness of
units. He is almost equally concerned with the capabilities of their
commanders. In similar fashion, current research in leadership, command,
and management and in the structure and functions of teams, units, and
organizations reveals the intimate relation of fact and theory about the
function of the organization and its head. While military psychologists
have shown an increasing recognition that the group and its leader must
be considered together, particular investigations have generally con-
cerned either leadership and command or teams and units. Because military
units are filled by pipeline streams from many combat, technical, and
command training programs, this division of research and development in
our laboratories has been a natural consequence.

Although studies reported in this presentation will be divided
between leadership and command on the one hand, and team training on the
other, I hope that evidence that researchers have not ccmpartmentalized
their thinking will be apparent.

Studies pertaining to command will be further suvdivided between
those which emphasize the interpersonal aspects of command, connoted by
the term leadership, and those which relate to training and organizational
and technical responsibilities. A further cut will be made in each topic
between research and development. For this discussion, studies aimed at
obtaining information about the function of commanders and units will be
classified as research. Efforts to build specific training programs will
fall under development. Finally, one further distinction will be made
between studies on command; those pertaining to noncommissioned officers
will be grouped separately f{rom those on officers.

These rather artificial categories have been chosen to avoid a dull
recital of abstracts and to call attention to one set of relationships.
Disadvantages of the classification scheme include the splitting of
accounts of many investigations which have proceeded through an orderly
sequence of research and development. Also, the division between work
on NCO's and officers may obscure many cammunalities in their functions.
Perhaps we can tie some related threads together at the end.
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INTERPERSONAL ASPECTS OF LEADERSHIP AND COMMAND

Papers presented at the Conference on Leadership and Interpersonal
Behavior at Louisiana State University in 1960 camprehensively summarize
resecrch during the 1950's, particularly that under the sponsorship of
the Office of Naval Research. Conference proceedings, edited by Petrullo
and Bass (1961), are rich in coverage of theoretical points of view and
empirical data from laboratory and field situations. This book represents
a starting point for the present review.

One of the most important contributions of this publication to an
understanding of military leadership is found in the many instances where
leadership function is viewed in terms of the total organization (chapters
by Chris Argyris and by Rensis Likert). The reports by M. Dean Havron
and Joseph E. McGrath of work on leadership in small military units are
most relevant, as are those by John C. Flanagan on work by the American
Institute for Research in leadership and small groups and Ired E. Fiedler's
concise account of his several studies on the "assumed similarity of
opposites"” variable.

Another background reference to the work in the 1950's is Hahn's
bibliography (American Institute for Research, 1961b). The titles on
leadership research are divided among characteristics, skills, acts, and
training. Only some ten percent of the references concern training.

RESEARCH ON LEADERSHIP BEHAVIOR

Noncommissioned Officers. An important earlier study on leadership
and squad effectiveness in Korean combat was not included in either of
the above reviews. Clark (1955) and his team interviewed the members of
81 rifle squads on the front line during the winter of 1953 to determine
some of the factors related to effectiveness of squads.

oociametric indices were obtained of group cohesiveness, patterns
of acceptance among squad mates and of platoon members outside the squad,
and interactions related to sociability, fighting, and recognition of
military skills. Twc criterion measures of squad effectiveness were
developed: (1) a weighted composite of ratings made at the battalion,
company, and platoon levels, and (2) results of a y=-sort cf rec rds of
squad behavior made by officers with recent Korean cambat experience at
the platoon level.

Detailed descriptions developed for 69 of the squads revealed con-
sistent pertormances of individuals which were classified as five leader-
ship functions: (1) managing the squad, (2) defining rules and proce-
dures for appropriate vehavior, (3) perform.ng as a model, (4) teaching
squad mates, and (2) sustaining squad mates with emotionul support.

These functions occurred in the various squads with differing frequencies;
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managing was observed in all but two of the total 69 squads. Defining
occurred in 52, and the other three functions; were seen in fram 2% to
30 squads each.

The occurrence of these functions in squads was positively related
to both combat criteria, significantly so to the Q-sort measures. Only
one squad leader performed a1l five. The assistant squad leader often
carried out the management function, while defining, modeling, teaching,
and sustaining wvere doue by leaders, assistant leaders, or other squad
members. In theoretical terms, Clark saw these leadership functions as
acting on the squad's value structure and thus indirectly affecting
performance. Indices of these value structures, derived fram sociometric
choices relating to sociabiliiy, fighting, and crediting each other
with skills, showed same significant relations with the cambat criteria.

Since 1960, a number of studies of Navy petty officers have appeared.
In the first, a questionnaire survey was made of the utilization of 1690
petty orticers (Bureau of Naval Personnel, 1960). It was found that
superior ratings of Jjob performance were awarded in greater frequency
to graduates of the five-week schools than those of the one-week schools.
Raters believed the schools to be effective in teaching leadership,
although no information was given on how students were selected.
Another study (Mayo and DuBois, 1963) indicates a gain in leadership
rating following schooling.

Concerning important behavioral characteristics of petty officers,
three studies provide same information about the influence of petty
officers on their men. By means of questionnaires answered by officers,
CPO's, and subordinate enlisted men, Spector, Clark, and Glickman (1960)
obtained same information on characteristics of CPO's which influence
attitudes and morale of their men. Analyses revealed two of five
factors to be of consequence: first, the CPO's regerd for the regular
Navy and, second, consideration shown his men. The first was positively
and the second negatively related to subordinate expressed interest in
a Navy career.

Two studies by Kipnis and his associates (Kipnis, Lan¢, and
Frankfort, 1901; Kipnis and lane, 1962) examined the kinds of actions
petty officers took when they judged that a man's performance was
below Navy standards. One study indicated that senior petty officers
tend to deal with men on interpersonal terms while junior PQ's charac-
teristically passed the problem up the chain of camand by informal or
formal action. In the second study this relation to rank was not
significant, but there was evidence that those of any rank who indicated
greater self -conf'idence in their leadership abilities on a special test
form tended to deal interpersonally.

In 1961, Hahn and his AIR associates gathered critical incident
data from petty officers during the research phase of a training develop-
ment project (Trittipoe and Hahn, 1961). He wae able to classify these
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incidents into eight l:inds of problem situations, including assignment
and supervision of work, training, discipline, technical campetence of
men, and personnel and emergency actions.

Wiith Army NCO's o infantry and artillery teams, Ziller (1963)
found a small positive correlation between the leader's assumed similar-
ity score and ratings of team effectiveness. To explain this divergence
from Fledler's findings, Ziller assumed that Army NCO's have little
choice of subordinates so they devote their efforts to praomoting the
oroficiency of all unit members rather than to selecting superior ones
for intensive development. 3uch variations from earlier Zindings on
the assumed similarity of opposites are also reported in a recent paper
by Fiedler himself (1963). However, with \est Point cadets in competi-
tive squad problems, Gottheil (1963) found evidence for the negative ASO
relationship, as well as positive correlations between various leader
attitudes and squad morale.

An experimental study using ad hoc four-man groups of Army enlisted
men of various grades has Just been completed by Drucker (190%). He
appointed leaders and conveyed different deygrees of power, authority,
and responsibility to each. The teams worked at a signal monitoring
task and three cognitive tasks for one d.y. First-order rclations be-
tveen the three leader variaples and team performance verc few, but
cobined eff'ects of authority and responsibility appeared on different
tasks.

At the outset of a cawprehensive ReD program for leadership train-
ing of potential Army NCO's, Hood and his associates at the HwnRRO Unit
at Fort Ord did a large amount of background research (Hood, 1960). One
study accaiaplished a survey of the programs and methods in noncamnis-
sioned officer acedemies (Kern, 195C). The teeching of leodership
principles rather than the provision ol same kind of prectice in leader-
ship acts characterizes the main features of programs designed to build
NCO confidence. 1In a second study (Showel and Peterson, 1953), a total
of 3960 critical incidents were obtained about squad leaders from 135
supervisors end a like number of subordinates in four infantry divisions
and an armor cavalry regiment in Europe. Jorted into nine categories,
these data provided considerable insight into typical NCO behavior as
seen from above and below. Particular attention was paid to conflicts
in role, resulting from the NCO's intermediate command position. GSeveral
other minor studies of NCO behavior were also made. In addition, a train-
ing guide for potential NCO's was prepared from these studies (U. s.
Continental Army Command, 1963).

Officers. To gather background informetion for development of
leadership training, Lange, Jacobs, and their associates carried out two
studies to answer the question, "How does the leader function to maintain
high motivation and high standards of performance among his followers?"
(Lange, 1962, p. 286). They took the view that the leader function is
one of modifying the motivation and capability of group members to per-
form assigned duties.
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The sample drawn for the first study (lange et al., 1953) comprised
42 platoon leaders frouw two infantry regiments of a combat-ready divi-
sion in the United States. Interviews with both superiors and subordi-
nates obtained retrospective reports of actual behavior of the platoon
leaders in specified situations. Content analyses of these interviews
resulted in the recognition of 140 "dimensions" of behevior and situa-
tional context, on which each incident of leader-follower interaction
was scorable. Frequencies with which each leader performed various be-
haviors were related to ratings of the leaders by both subordinates and
superiors. Thesec two sets of Judgments offered a pair of remarkebly
similar criteria. The leadership behaviors related to these criteria
fell intc {ive categories:

(1) Giving information that facilitates the
improvement of group performance.

(2) Establishing high standards of expected
performance.

(3) Using reward and punishment appropriately.

(4) Handling disruptive influences in the unit.

(5) Ootaining information from group members on
matters relating to the execution of the
first four functions.

These findings were checked in a second study (lange and Jacobs,
1960) in which a questionnaire instrument vas developed tc measure the
variables identified. This instrument was used with junior officers iu
another combat division to measure the frequency with which leadership
behaviors occurred. Results of the first study were confirmed and thus
provided a camprehensive hasis on which to develop leadership training.

Mention should be made of two HumRRO studies now in progress which
bracket leadership training at both ends. In the first, a study of the
college Army ROTC program has recently gotten under way. The second
concerns leadership and the exercise of command at the division level.
A source book is being prepared (Olmstead, 1964) which will integrate
research results from a variety of behavioral sciences with practical
military commentaries on the exercise of command at higher echelons.
This work is intended to serve both as a reference volume for the Army
Command and General Staff College and as a basis for planning research
in the areas of high-level leadership and command.

DEVELOPMENT OF TRAINING IN LEADERSHIP

Noncommissioned Officers. The critical incidents collected by
Hahn and associates on Navy petty officer behavior formed the basis for
development of 15 role-playing situations which were also rendered in
case study form (Trittipoe and Hahn, 1961; American Institute for
Research, 1961a). After intermediate tests, final evaluation of both
role playing and case study work was accamplished by measuring the
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agreement between assessments of student performance in this training
by other petty officers and research personnel. Also, ratings of
probable job performance end mutual rankings of men during discussion
groups were obtained. Modest significant correlations were found among
these three measures. Measures taken during this treining showed sub-
stantial positive relationships to performance in petty officer school,
but only small e \d nonsignificant correlations with the next regular
six-month performance evaluation on the Job. During the course of this
work a text on leadership for petty officers was prepared (Hahn and
Trittipoe, 1961).

We return now to the Army study of NCO leadership to trace the
development of a system for training potential nocommissioned officers
during their first 16 weeks in the Army. Having made the study of
existing NCO academies and completed the analyses of =ritical inciden’s
collected in several Army divisions, referred to earlier, Hood and his
research team moved toward the engineering phase of the work. OGome kind
of training system involving instruction and practice in leadership
during Advanced Individual Training was the goel. Further studies re-
lating to various aspects and options of possible training systems were
made. A cooperative working relationship was established between the
U. S. Army Personnel Research Office arnd HumRRO to handle selection
aspects of the work.

First, a longitudinal study (Hood, 1963a) followed two companies of
Reserve Forces Act trainees through their enti.- six-month career in the
Armmy. Peer ratings, performance tests, written tesus of knowledge,
selection devise ., and measures of motivation and attitudes taken during
Basic, Advanced . 1dividual, and Unit training were intercorrelated to
provide beckground information on the kind of situation in which leader-
ship training was to be developed. A second study examined the Advanced
Individual Training program for possible shortening to make rocom for
leadership training. In a third (Showel, 1963), the attitudes of
trainees toward the Army and their perceptions of the NCO's role were
determined by questionnaire and interview techniques. In the fourth
study, selected trainees were given leadership trainirg concurrent with
Advanced Individual Training where they occupied leadership positions
(Sloan et al., 1963). In the final pilot study, a four-week training
program in leadership and military subjects was glven to selected gradu-
ates of Basic Combat Training, who went through Advanced Individual
Training as acting squad leaders under the direction of "leadership
NCO's" (Sloan et al.).

These studies provided information on three ways of combining
leadership training and practice with Advanced Individual Training:
(1) by recycling students for the second eight-weeks, (2) by integrat-
ing the training with the second eight-weeks, and (3) by a special
course between the first end second eight-weeks. At this point in the
development, these alternative solutions were discussed with Headquarters,
U. S. Continental Army Command, the responsible Army Headquarters, to
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obtain guidance on which method would be most suitable for Army adoption.
The short-course method was selected.

Beginning in January 1961, and continuing throughout most of the
rest of the year, the main experiment took place. Principal interest
was centered on the 400 trainee leaders who acted as squad leaders, and
the 100 who acted as platoon sergeants. Alsoc, dat. scre obtained on 100
officers and 100 cadre sergeants commanding these tre..nees and on the
800 fire-team leaders and 3200 followers who were supervised by the
trainee squad leaders.

In this complex latin Square design, the following independent vari-

ables were involved: (1) aptitude level of the trainee leader, (2) peer
rating of the trainee leader, (3) duration of the preparatory course,
(4) nature of the training method, (5) supporting cost of the training
method, (6) degree of training of the cadre, (7) Jdifferences in mili-
tary occupational specialty of trainees, (8) differences between train-
ing campanies to which student leaders were assigned.

Seven dependent variables included the following: (1) motivation
and morale of trainee leaders, (2) global assessment of their leadership
aptitude by peers, superiors, and followers, (3) specific observations
of trainee leadership behavior by peers, superiors, and followers, (4)
performance measures of the squads headed by trainee leaders, (5) written
tests of leadership knowledge of trainee leaders, (6) measures of trainee
leader's influence on followers, and (7) various administrative records.

Analysis of all these variables is now under way. One report on the
climate for trainee leaders is currently available (Hood, 1963b). This
report concludes: "It is clear that a 'leadership climate' influence can
be discerned in the matrix of data, but its trace is not always direct
or covious."

Because of the Army buildup during the Berlin crisis in 1961, steps
were taken by the Army to implement this work almost immediately after
the conclusion of the experimental runs. Today there are leader prepara-
tion courses in operation in all Army Training Centers.

Officers. We return now to the work on junior Army officer training
by lange and his assoclates. Before they undertook the analyses of
leadership behavior in combat-ready units described in two studies cited,
the research teem completed a study in leadership training media stemming
from the work of Launor Carter. Jound motion pictures depicted real life
leesdership problems from garrison and cambat. The films ended before the
problem was solved by the leader in the story. Students then discussed
and acted out various solutions for mutual criticisms under the guidance
of an instructor using an instructor's manual prepared by the researchers.
Army training films based on these prototypes have found extensive use
in officer and noncommissioned officer training (lange, Rittenhouse, and
Atkinson, 1956).
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Using the results of the research on leadership behavior referred
to previously, and with the experience gained from developing the motion
picture technique, the “inal engineering step in the program was com-
pleted (Jacobs, 1963). A 20-hour period of instruction was developed
in which leadership problems were presented from audio tape recorders
and students worked through a textboock in small unit leadership. This
completed package, which includes en instructor's manual, was given
several trial administrations with junior officers at Fort Benning and
was recommended for adoption in ROTC programs where it 1s now in use.
While the developed training package has not been subjected to follow-up
study against criteria which measure either the leadership behavior of
the officer or the performance of his group, considerable user satisfac-
tion has been expressed for the program. Its efficacy has been assumed e f
| because it was based on extensive research on leadership behavior.

P e AT ———

During the course of these studies, lange (1962) formulated a
general theory of leadership behavior. BHe recognizes the importance of
i group codes and identifies the leadership functions of defining, motivat-
ing performance, handling disrupting influences, and getting information
in terms of their effects on the formulation and enforcement of this code,
which seems to determine so much of group performance.

- A source of important research findings on behavior of junior Army

officers s the Officer Prediction study now being conducted by the Army
Personnel Research Office. Performance in situational criterion tests
of both administrative and tactical knowledge and skill is being related
to assessment variables and efficiency reports for a large sample of
officers during their first tour of duty (Willemin, 196L).

ORGANIZATIONAL AND TECHNICAL ASPECTS OF COMMAND

Fundamental to the effective performance of a military leader at any
echelon is technical competence in particular weapons, equipment, and
i tactics as well as understanding of the organizational and asdministrative
relationships and responsibilities which are his. A number of HumRRO
efforts have been and are devoted to this aspect of officer and non-
commissioned officer training. In each case, a camprehensive task, ulti-
mately directed toward the construction of a training program, has begun
with a study of the military system in which the officer or NCO is to
operate and a determination of his particular job characteristics (e.g.,
. Cook, 1963, end Warnicx and Baker, 1964). From these, requisite knowl-
edges and skills are derived and training objectives formulated.
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In the field of Armor ¢ continuing series of investigations has been
under vwoy 2t the HumiRO Unit at Fort Knox. An early study in the United
states and Burope determined the job requirements for tenk crew members ]
(3aker, 19%), including those of the tenk commander. The latter's re- !
sponsibilities include: (1) controlling the immediate cctivities of the
tenk under platoon leader command, (2) supervising the crew, (3) gather-
ing, processing, and distributing information, and (4) performing opera- f i
tional duties. As a self'-study aid, The Tenk Caamander's Guide was pre-
pered (Cook, sarnick, and 3aker, 1903).

i I
RESZARCH OIN JOB D'TIES AND RESPONSIBILITIES ' 1

3

I

At the platoon level in Armor, & study of the jJ requirements of
the platoon leader (officer) ond the platoon sergee~ as made in 4O |
armorcd units in this country and Europe (Baker, lw. Roech and Beker,
1961). A list of more than 300 job duties, compiled from Army literatur:
and intervievs, was adninistered to ecpproximately LOO officers in these
units, from battalion commanders to platoon sergeants, for rating of
combet importance. The same list served, with different instructions,
Tor both platoon leader and platoon sergeant. In addition, written logs
of all activities performed during the preceding 43 hours were obtained .
from 160 platoon leaders and 257 platoon sergeants in operating units. ]
From these data, schedules of combat job requirements were compiled for
the two positions under study. Bight major duties, involving from 2 to
12 operations, vere sorted out 2long with the reported knowledge factors f
and responsioilities associated with each. These extcnsive analyses ' :
provided the basis for a determination of the oojectives of new training :
to be developed.

A sinilar line of investigation has been under way at the HumRRO
Alir Defense Unit at Fort Bliss. The platoon leaders for NIKE AJAX and
HERCULES alir defense missile crews have been studied through successive 1
modifications of this system cver the last several years (Ammerman,
196ke, 1964b ). |

Formulation of the Jjob descriptions began with the preperation of
provisional job descriptions based on review of manuals, esttendance at
school courses, interviews, and job observations (Derby et al., 1959). | ]
They were then checked in intensive interviews with all officers at 12 '
NIKE AJAX batteries and were criticized by competent agencies at Fort h

Bliss. From these revised job descriptions, training-need checklists i

were prepared and officers from 72 batteries were asked to judge

selected activities for their jobs in terms of (1) importence for |
ttery operation, (2) degree of proficiency required, and (3) priority 3

for training (Darby, Brown, and Morse, 1959). Job requirements lists
from this study were prepared for students in the Air Defense School
officer courses. To keep up with the changes from NIKE AJAX to its
successor, HERCULES, these job descriptions were revised by field inter-
views and observations, consultetion of new manuals, and interviews at
Air Defense Center agencies (Haverland ani Fightmaster, 1960). A more
refined analysis of Jjunior Air Defense off'icer Jjobs is being completed L
by Ammermen (196Lb).
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A compareble kind of study of the job requirements for the Junior '
infantry oft'icer in combat is now under way at the HwnRRO Unit at Fort
3enning. Cambat reports, vault files at the Infantry School, combat
incident reports and analyses, and interviews in operationally ready
units on meneuver in CONJS and Europe ere providing the vasis of a
statement of job requirements and will supply a good deal of content
material to supplement existing treining.

DEVELOPMENT OF TRAINING IN COMMAND

We turn nov to the kinds of training progrems in the exercise of
command that are based on these background research studies. For use .
in informal training of tank commanders in their operating units, two
forms of a standardiued, simulated, combat mission test using live tanks
have been constructed (Schwartz and Floyd, 1963). Test-retest reliabili-
ties, corrected for practice effects, range from .42 to .62. The test
is diagnostic in nature.

For Armor platoon leaders and platoon sergeants, a set of 10 tacti-
cal training e:xercises was developed to provide practice in six essential
combat skills and several aspects of platoon tactics (Baker et al., 1964).
For indoor practice on these exercises, two miniature trainuing devices
were developed: (1) the Miniature Armor Battlefield, and (2) the
Cambet Decisions Game. The former moy bpe used in training platoon
leaders and tank crevs, while the latter is for platoon leaders and tank
commanders only. The Miniature Armor Battlefield is built to a scale of
1:25 and employs self-propelled miniature tenks, controlled by radio by
the tank commender, seated on a movable platform with other crew and
platoon members above the model terrain. The Combat Decisions Game,
using e scale of 1:115 (HO gauge), requires tank ccmmanders to move model
tanks over a grid square with a pusher at a recalistic cpeed. 1In both
problems, platoon leaders communicate with their platoon commanders above
and tank commanders below with standard tank radio equipment.

The effectiveness of the training given by each of these techniques
was measured for experimental and control groups of platoon leaders with
two instruments: (1) en objectively scored field test using reel tanks
and blank ammunition in a platoon mission against a live agressor force
(Baker and Cook, 1963), and (2) an essay-type test of 1l platoon-level
combat problems requiring tactical decisions and command actions by the
platoon leader. A written test of Armor knowledge was also ‘sed.

Results of the field testing of 20 experimental leaders trained on
the Miniature Armor Battlefield and 20 controls indicated a significant
superiority of 18.3% of trained over non-trained and a 5% superiority of
trained over field-experienced platoon leaders not given these training
exercises. Similar results obtained with the less elaborate Combat
Decisions Game also favored the experimentally trained groups.




: This study indicates the feasibility of providing realistic tactical
training indoors. The extent to which those aspects of the tank platoon
leader's job call for leadership, as opposed to sound tactical decision
making, command, and control, is difficult to estimate. While offering
variety of terrain and enemy action encountered, the situations probably
were more nearly "established" than "emergent'", in the terminology of
Boguslaw and Porter (1962). To look at it another way, however, all
tactical situations are by their very nature more or less emergent, re-
quiring commanders to produce new solutions and new behaviors, which
combine insightful tactical decisions with motivating leadership in
implementation of these tactical choices. The motivational requirements
are hard to simulate.

For the training of Air Defense officers, an on-site proficiency .
test has been bullt and tested (Morse et al., 1960), e refined method '
for determining the objectives of Jjunior orfficers is nearing campletion
(Ammerman, 1964a), and programed instructional material is now under
final test.

TEAM TRAINING

Having revieweu the current work on training for leadership and
commend, we turn now to investigations of team function and team train-
ing. While teams do not operate without leaders, and commanders have no
functions apart from their units, it has been profitable to cerry on re-
search in which the team, rather than the leader, is the primary focus.
The literature is much richer in theoretical studies and reports of
laboratory experiments than in descriptions of training program develop-
ment. Much is yet to be learned sbout teams before new techniques and
Principles can be applied to improve current pructice. .e have learned,
however, from the original worx by the Rend Corporetion thut vhen teams
work together they learn and improve their performance. ile have much to
find out about how this learning occwrs.

Fram his recent review of the literature, Glanzer (1962) concludes
that the two most important aspects of tecam training needing further
study are the processes of monitoring individual behavior and supplying
feedback and reinforcement to team members. One conclusicn from another
recent comprenensive review by Boguslaw and Porter (1962) is that effec-
tive teen training is best done on the job where both "established" and
"emergent" situations occur, providing varied opportunities for learning
by the crew. To dig a little more deeply into the variables which seem
to influence crew effectiveness, George (1962) offers a detailed discus-
sion of the literature from 1955 tc 1962. He concludes that group codes
are of paramount importance in determining motivetion of group members,
and that activation theory provides a guide to the wderstanding of the
amount of group stimulation which will optimize efficiency. Additional
conzlusions by George will be discussed later when we come to an account
of the work he is beginning on the training of infantry teams.
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A wealth of recent summaries of laboratory experimentation is
available (Glanzer and Glaser, 1959, 1961; Golembiewski, 1962; Hare,
1962; Stogdill, 1959). Sophisticated analytical treatments of small '
group interactions were presented at the Stanford symposium in 1961
| (Criswell, Solomon, and Suppes, 1962). Coming somewhat closer to the
practicalities of military team training are some papers in Guetzgow's
= readings in simulation in social science (1962), and the Havron-McGrath
: chapter in Petrullo and Bass (1901), referred to previously. An instruc-
tive discussion on air crew traeining, between research and military per-
sonnel, occurred at Castle Air Force Base in 1960 (Hood et al., 1960).
Finally, recently developed techniques for studying team training are
i well summarized by Smode (1962).

RESEARCH ON TEAM FUNCTION

The work of Alexander, Kepner, and Tregoe (1962) concerns the ef-
fectiveness of the knowledge of results in the performance of crews in
] air-direction centers. Four crews at four coastal locations were
matched and placed in experimental and control groups. The experimental
group was given knowledge of results by careful and systematic debrief-
ing exercises, while the control group had no post-action critiques.
Results clearly fuvored the experimental group; these two crews showed
more improvement in all functions than the control group. An important
finding was that those functicns which have the "highest visibility"
improved most with the control group, while the less visible functions
improved markedly in the experimental group having post-exercise discus-
sions. It appears that team members learn fram group e:periences vhen
the actions cof the individuals can be clearly recognized. These find-
ings tend to confirm earlier results of work by Horrocks and his
associates on Navy crews (1959, 1960).

A more analytical approach to this problem has been taken by Glaser,
Klaus, and Egerman (1962). From their "molar" approach, the team is con-
sidered as a single organism which exhibits the typical phenomena of in-
\ dividual learning. Team performance can be accounted for in terms of
the amount of individual reinforcement provided each menber from the
reinforcement given to total team products. Suggestive conclusions con-
cern the kind of reinforcement the individual can derive fram knowledge
of results of total team performance. Also, more precise indications
are offered as to vhere and how supervisors can provide critical individ-
ual reinforcement.

In another laboratory-type study, Rogers, Ford, and Tassone (1961)
addressed the important question of the effect of turnover in crew per-
formance. In e simulated air defense problem, the effects were observed
of introducing team members with varying degrees of individual and team
experience into crews of varying crew experience. Degradation in crew
performance or lack of improvement with experience varied with the stage
of team experience of the crew and replacenent experience. Jystem
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performance was degraded and "... the concept of 'skill dilution' could be
used to account for the direction and relative magnitude of the effect of
turnover ..." on the experimental information-processing system. In this
study, no training techniques to overcame this degradation in perforamance
proved to be effective.

DEVELOPMENT OF TEAM TRAINING

In the attempt to develop a program of training for B-52 aircraft
pilot-navigator teams, Krumm and Farina (1962) studied existing missions
provided by JStandardizaetion Boards. Five kinds of criterion measures were
constructed, to be used in operational missions and during simulator train-
ing. Thirty-eight experimental and 37 control crews participated in the
experiment. Small improvements in performances, especially for the navi-
gators, were noted, but frau the follow-up data from operational bases early
reflections of improvement in experimental groups washed out rapidly.

During the course of the study, Krumm and Farina devoted considerable
attention to crew coordinating activities and to categorizing the various
kinds of communications on the intercom system. There was same evidence that
voluntary inputs by crew members were significant indices of crew coordina-
tion. This effort to discover some important intervening variables in crew
coordination is significant in the attempt, if not in the actual finding.

Development of indoor training exercises for the Armored Reconnaissance
Platoon is under way at the HumRRO Unit at Fort Knox. Following a survey of
activities of platoon members (Cook, 1963), a training exercise employing a
map terrain display and requiring appropriate decisions by key platoon mem-
bers is under development. The armored cavalry platoon is unique in Army
organization in that coordination between armor, infentry, and heavy mortar
crews is required within the same platoon.

Team training of infantrymen offers same unigue problems, since these
teams have no large weapon or plece of equipment which defines their Jjob
duties. Toward the development of team effectiveness, George (1962) has
proposed three kinds of manipulations designed to induce team effectiveness.
First, there is the use of team training in situations designed i1o cdevelop
and reinf'orce the habit of coordinatc behavior; the hypothesis is that such
a habit will carry across situations and across groups. Second, there is
the possibility of increasing resistance to high activation by exposing the
team to gradual increases in pressure and suitable variation of the "central
person" in the group. Finally, experimental training which enhances the task
orientation of the position of formal leadership can be designed to increase
the amount of task orientation in group code.

This work is now under way in a series of five experiments, one of which
has been reported (George, Hoak, and Boutwell, 1963). Evidence has been
accumulated that the conditions of training can be so arranged as to require
teamvwork among members ~f four-man rifle teams which will produce same 20%
improvement on criterion problems. The criterion problems involve team
firing on an advancing series of pop-up targets by the team as a whole; ex-
perimental treatments involve other kinds of team problems. Evidence fram
these experiments indicates that necessary characteristics of effective
team training include the following demands:
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(1) A minimum performence level must be required
of the team as a whole.

(2) Teemwork--that, sharing of work, compensating
for each other--must occur to attain minimum
ariterion standards.

(3) Team treining must not be allowed to stop until
criterion is reached.

During these experiments, increases in attitudes favorsble to teamwork
were shown to increase as team output went up, suggesting that it is
possible to engender positive attitudes toward teem performance and
cooperation which will go with the individual as he joins new teams.
One further aspect of this work is being reported at this convention
(McRae, 1964). Evidence is presented for the development of a positive
relationship between task-specific verbal team interaction and improve-
ment in team performance, but no reletion has been found with team
interaction of an organizational naoture.

CONCLUDING REMARKS

In assessing the current state of research and development cn
leadership, command, and team training, I would make the following
observations:

1. Considerable gain in the effectiveness of leadership treoining
has resulted from studies of what specific leadership acts are related
to good team performance.

2. Training which allows for student participation in leadership
activity is proving to be eff~-ctive.

3. Instruction in the more impersonal duties of command has been
enhanced through exhaustive studies of job responsibilitiec.

i, Team training has be=n projected from studies which have speci-
fied the roles to be played by each team member in the small military
group.

5. The use of simulated situation training is becoming more
sophisticated, and has provided means of analytic observations of
behavior within teams.

6. The neture of the kinds of individual behaviors on which team-
work depends, and means for developing these, 1s becoming more fully
understood.

7. Techniques are becoming aveilable to develop positive attitudes
of individuals toward teamwork.
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CHAPTER 6 GORDON ECKSTRAND

CURRENT STATUS
OF THE
TECHNOLOGY OF TRAINING

Purpose. The purposes of this paper are to present a brief over-
view of the current status of the technology of training and to indicate
some areas where further improvements would make major contributions to
training efficiency. The technology of training refers to a body of
systematic knowledge and techniques which supports the design of training
systems. It is the technology which bears on the things a training
institution characteristically does in setting up and managing a train-
ing program to produce men capable of "performing effectively".

General Status of Training Technology. lLet me begin by simply
stating that a substantial technology of training does exist. The past
decade has seen the develcpment of a body of knowledge and technique
which is rather directly applicable to the practical problems involved
in designing training systems. It is by no means as well developed yet
as the technology of aptitude testing; nevertheles:, it is still sub-
stantial and it is growing.

3o0th research on treining and actual experience in training develop-
ment contribute to this gradually developing technology. In fact, it
might be caid that something like a psychology of training is developing
which is separate and distinct from a psychology of learning: separate
and distinct in terms of the goals, hypotheses, methods of investigation,
and criteria by which its development is measured. Certainly, it is true
that through the years there has veen a hiatus between learning research
and training practice. [t appears that this gap is beginning to be
filled, and that a psychology of training is providing the active re-
search and development needed to bridge the gap between basic science
and practical technology.

let me now brief'ly mention two aspects of training technology which
characterize its state of maturity in a general way. One, most note-
worthy, is the current emphasis on a systems approach to training. In
this approach, the development of a training program is likened to the
development of a weapon system. The systems engineer begins with au
operational requirement: a precise statement of the objective to be
achieved by the cystem. The systems designer then works backward fraa
these obLJjectives to produce an arrangement of subsystems which, when
operated according to come operetionnl plan, will fuld'ill tne objectives.
The process ends with ¢ series ol tests to assure that the design
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achieved does in fact fulfill the requirement. The design of a training

system can proceed in the same manner. The behavior which same particular

class of military men must exhibit on the job becomes the objective which
must be achieved by the training system. The job of the training de-
signer, then, 1s to select and sequence a series of learning experiences
which will produce the required behavior. A testing phase is required to
assure that the training program designed succeeds in producing men
capable of performing as specified.

Figure 1 (adapted fram Hochn and McClure, 22) shows the processes
involved. The first process is the definition of the training objectives
or desired performance outcames. These objectives not only provide the
critical input to the derivation of training content but are basic to
the development of the criterion measures required to test the training
system. The selection of training content, in turn, provides inputs to
the design of training methods and materials. The training methods and
materials, when implemented according to some administrative training
Plan, become the training program. At the completion of the training
program, criterion measures are applied to obtain indications of the
adequacy of the program outputs. The dotted lines show the various
feedback loops that are used to modify the training system if the de-
sired output has not been achieved. This general systems approach to
training 1s having an increasing impact on the development of our under-
standing and control of the training process.

A second aspect of current training technology which characterizes
its maturity is the rather considerable literature which has been pro-
duced deccribing this technology. Many books and reports have been
published since 1960 which provide excellent summaries of the status of
our knowledge in the various areas relevant to a technology of training.
They are indicative not only of the growing body of applicable knowledge
which existe but of the growing number of psychologists actively engaged
in training research and development.

Elements of a Technology of Training. The next sections of this
peper are organized around a general conception of the training system,
following the basic idea presented in Figure 1. For purposes of this
discussion, the processes involved in designing a training system are
arbitrarily organized into the following three areas:

l. Determining Training Requirements
2. Developing the Training Environment
3. leasuring the Results of Training

In each area, an attempt will be made to summarize and evaluate the
adequacy of our technology. This is not to imply that this technology
is being applied to the development of all military training programs.
This is definitely not the case. Iy purpose is to sketch out the status
of the technology that is available Tor application, and I will not
ibteapt Lo evciante the extent to which it is veing applied.
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DETERMINING TRAINING REQUIREMENTS
SHPING LS O TWAILLLIG G3JuClIVew

I"andamentil to the design of a training progrem cne cupporting
materials i the dcterminetion of the tehaviors to be trained. The
vchaviors to ve trained cre those required {or successiul periormance
on the job. It is the determination of behaviors whicn proviaes the
starting point o the design of the training systen .nd r'or the uesign
or the criterion niccsures which will ve used to evalucte the training
systen.  Certeinily, once ol the most significant recent developments in
troining technoloyy 1is the emphasis placed on the precise statement of
training oojectives and on the wevelopment of methods for accamplishing
this teske In fact, Crawford has suggested that this nmoy constitute the
single most important contribution which has been made to the daesign of
training systems (6).

Perhaps the above sounds like o statement of the oovious. If so,
one should recall that the description of job requirements in behavioral
terms is certoinly not the starting point for all efforts to develop
training progroms.  Mony such efforts still begin with consideration of
what 1s nown in ¢ generazl arco rather thon what the troinees nust know
in order to co their Jov.

STEPS L] DERIVING TRAINING O3JuCTIVI,

Current knowledge is not yet at thce point where the concepts and
techniques for determining obJective training requirements can be pre-
cisely specified. llevertheless, principles and procedures have been
developed and tested which provide a systematic approach to this aspect
of training design. Jeveral recent sumaries of this material are
available (22, 32, 33, »1). ‘hile same differences in nomenclature and
detail cxist among the verious approeches available, the major steps
involved in deterzining training requirements can be sunarized as
follous:

Analysis of the Jjob. An analysis cf a job for purposes of “raining
must vegin wvith a listing of all of the tusks which comprise the job.
A task may ve defined as any group of activities performed =t about the
same time or in close sequence, and having a cammon work objective. A
position or job, ot course, is the sum total of tasks a single person
may ove responsible for.

Once tasks have been identified, task descriptions mist be pre-
pared. Task descriptions specify the essential activities involved in
the perlormance of a task. They describe the activities of the human
being in operational terms, i.e., terms which are characteristic of, and
approprinte to, the system. Usually inciuded in task descriptions are
the purpose of the activity, the equipment involved, the conditions
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under which the activities are performed, and criteria which defir:
adequate performance in terms of time, errors, probability, etc. These
task descriptions form the basis for job descriptions which are essen-
tially a specification of job performance requirements. They specify
what a man must be able to do to be considered satisfactory on his Job.
Miller has defined a good task description as '"one which specifies what
criterion responses should be made to what task stimuli and under what
range of conditions" (32).

Specification of knowledge and skills. The rext step is to select
the concepts, skills, information, etc., which trainees must be taught
to enable them to meet the performance requirements specified in the job
description. This is the process of determining the means by which the
Job performance requirements can be achieved. This process of determin-
ing knowledge and skill requirements is a complex and difficult one, and
ve are far fram being able to specify an optimum procedure to accomplish
it (20). Ve do know, however, that the process is aided by looking at
Job performance requirements in behavioral rather than operational torms.
The techniques of task analysis have been developed and reiined over the
past decade for this purpose. Task analysis 1is a systematic method for
determining the behavioral requirements in task performance, and a number
of procedures and formats for this purpose have been developed and used.
The training designer must use the task analysis to determine vhat the
trainee should be taught in order to perform effectively on the job.
Many criteria will assist him in making these decisions, butf task
analysis essentially remains a process that is highly subjective and
based considerably upon experience. Any major improvements in this area
are dependent upon the development of a taxonamy which will provide the
task analyst with terms and concepts useful in looking at tasks in terms
of their behavioral ingredients.

Determination of training obj2ctives. DBased upon the specification
of knowledges and skills which are required to meet job performance
standards, the objectives of training are formulated. Referring back to
our systems model, these obJjectives are essentially specifications which
define the output expected from the training system. The clority and
adequacy with which this can be accomplished is primarily dependent upon
the completeness and accuracy of the determination of kmowledge and skill
requirements. A well formulated set of training objectives must meet at
least the following general criteria:

1. Relevance - Is each training objective defensible in terms of
the knowledge and skill required for adequate job performance?

2. Campleteness - Do the objectives account for all of the required
performance outputs?

3. Measurability - Are the objectives stated in a way which suggests
an operation for determining that the objective has been achieved:
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The previous paragraphs have teen written as if the particular
training system being designed was the sole means for developing the
required performance output. This is an obvious oversimplification.
Training obJjectives are not necessarily the same as job performance
requirements. Jn ract, they rarely are. Training is almost always
divided into certain stages (basic, individual, team, etc.). The
objectives of any one course or stage of training are, consequently,
usually something less than the complete job performance requirements.
Likewise, same truining is almost always left to be completed in the
actual job context. The achievement of certain performance capabilities
may be assigned to variors types of job aids. Therefore, even the final
stage of training may have training obJjectives that differ from the job
performonce standards. Thus, the overall training objectives wlich are
to be accomplished by uny particular training system must bLe broken
down into a series of sub-objectives. In terms of a technology of
treining, it is important that the process start with an analysis of
vhat the trainee will be expected to do on the job. Illowever far the
process of fractionation is carriea, the process remains rooted in Jjob
performance.

SUMMARY

In summary, what can be said about the status of cwr knowledge on
determining training requirements? DBriefly this. ve can specify a
series of steps that one should follow, and there is reason to believe
that these steps have considerable generality. A numpber of tested
formats and procedures are available which are useful in carrying out
thesc steps, and criteria are available for evaluating the results.
llevertheless, the gathering, classifying and organizing of information
about training requirements is still s judgmental process dependaing to
a considerable extent upon the experience of the training analyst. The
current state-of -the-art does, however, serve to make this Jjudgmental
process explicit and systematic.

DEVELOPING THE TRAINING ENVIRONMENT

After the ov,jectives of tralning have been specii'ied, the next step
is to determine how thesc objectives can best ve attained. This involves
developing a training environment which will transform inputs to the
training system (trainees) into (raduates who can perform at specified
levels on the job. lere again, the systems design analogy is appropriate.
"he goals ol the training system designer are the required human perform-
ance outputs. His task is to design and asserble methods, materials und
medie which will provide the lecarning experiences required to achieve the
training gouls. This can be locked upon as o procedurc of selecting or
designing training tesks and of estublishing the proceaures for practice




on these tasks. We see here the two factors that are involved in opti-
mizirng training efficiency--transfer of training and learning efficiency.
Training tasks are designed to produce transfer, and procedures are se-~
lected to assure that these tasks will be learned efficiently. What

does the technology of training have to offer in carrying out this
process?

APPLICABILITY OF GENERAL PRINCIPLES

An impressive body of information on human learning has been ac-
cumulated. One might expect that this body of information would pro-
vide systematic and practical guidelines for the treining systems de-
signer. As is generally known, I am sure, this is not the case.
Attempts to derive from this information principles useful in designing
training tasks and procedures have proved to be disappointing. Gagne
and Bolles have suggested several reasons why this is true (16).

Despite this state of affairs, some general principles regarding
the design of training tasks and procedures of practice appear to have
rather wide applicability across aifferent types of training functions.
Although such principles are generally only qualitative in nature, they
are of considerable assistance in developing efficient training environ-
ments, and meny existing training programs could be improved by their
application. Several recent publications provide useful summaries of
these principles (16, 21, 28, 43).

One of the major results of the past decade of military training
research has been the recog.ition of the appropriateness of different
training activities for different task characteristics. For example,
the training activity appropriate for learning e fixed procedure differs
from that appropriate for a problem solving task. Any very precise and
specific guidance for designing the training environment will require
that principles be differentially related to tasks on which training is
required. Hoehn has made a preliminary attempt to do this with respect
to electronics maintenance positions (21). It is difficult, however, to
organize existing information in this masnner. What is lacking is a reli-
able system for classifying tasks into a set of categories which are
homogeneous with respect to the conditions fostering learning. Such a
classification should readily encompass both the tasks which are used
in the laboratory and those found in military jobs. The availability of
such a task taxonomy would be valuable to the technology of training in
two major ways. First, it would immediately provide a system for
organizing existing information in a way which would facilitate its
application to particular training problems. Second, it would provide
a most useful tcol in determining deficiencies in our knowledge and
thereby serve to guilde future research. Until such a task classificetion
scheme is available, the differential application of principles in the
design ol training environments will be difficult and imprecise, having
more of the characteristics of an art than a technology. A general dis-
cussion of this problem has been provided by Cotterman (5).
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One of the major problems in developing an efficient training
program is how to divide the total knowledge and skill requirements of
a job into segments of training content and how to sequence these seg-
ments. This is a problem which is never faced by learning research in-
volving only simple tasks. It is also a problem on which it is difficult
to do good applied research due to the sheer magnitude of the task of ex-
perimentally camparing alternative ways of organizing a lengthy training
program. Consequently, little is available in the way of experimental
data. Miller, however, has developed a general approach for dividing
total performance requirements into training segments (%1) and Jones has
pointed out how molar correlational analysis can be used to determine
the best ordes for a series of training program elements (23).

TRAINING MEDIA

The term training medie has came to refer to a class of instructional
aids and devices that vary from training films through camplex simulators.
Military training psychologists have devoted a great deal of their effort
to studies of various kinds of training nedia as opposed to training
methods. There are perhaps two reasons for this.

First, training aids and dev ices are widely used in military train-
ing. The complexity of the jobs ...volved and the requirement for train-
ing efficiency has led to an incre«sing emphasis on technological aids
for training. 1In the development of any particular training progranm,
one of the :most important decisions that must be made concerns the media
through which instruction is to be presented.

second, military psychologists hav: perhaps realized that it is
easier to implement principles of effective training when they are
embodied in devices and other media that provide reproducible blccks of
instruction than when an attempt is made to influence the bvehavior of
instructors. Travers has used this argument in suggesting that behavioral
scientists will have the greatest impact on training if they concentrate
on equipment and devices (47). Likewise, the fact that media can be used
over and over ageain is an important factor in allocating resources to
their improvement.

A great deal of research has been devoted to the various kinds of
instructional media. For most of the media, data are available concern-
ing at least same of the factors which determine their effectiveness.
Several recent treatments of this information are available (10, 26, 27).
Likewise, a good start has been made on organizing information on the
effectiveness of various training medie in meeting specific training
obJjectives. Here also, publications are available which provide guidance
tor determining when media are most suitable (7, 37).
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SIMULATCRS

With the increased camplexity of the weapon and supporting systems
being developed for use by the military, greater dependence is being
Placed upon simulators for training the individuals and crews who must
operate these systems in an extremely accurate and reliable manner.
Because of their importance and expense, training psychologists have de-
voted consideresble attention to the design of simulators, and several
summaries of the available information have been published (1, 15, 35,
43). Nevertheless, engineering technology velated to simulation has
grown much more rapidly than has our ability to specify the character-
istics which a simulator should have in order to be most effective. Con-
sequently, most current simulators are designed against a criterion of
physical fidelity rather than fidelity of the operations and tasks which
are presented to the trainee. In many cases, of course, this is not a
problem, since physical fidelity often does produce high transfer of
training and costs no more than some conditions of lesser fidelity. In
other cases, such as visual simulation and motion simulation, physical
fidelity is difficult, costly or impossible. In these areas, we are
badly in need of additional research. Yet, such research is costly,
time consuming, and poses difficult methodological problems.

AUTQMATED INSTRUCTION AND PROGRAMMED LEARNING

No current summary of the technology of developing training environ-
ments would be complete without some mention of automated instruction and
programmed learning. These techniques have received a great amount of
attention and have influenced many basic concepts of training. Basically,
these are techniques to achieve greater control of learning with minimum
use of an instructor. Usually, automated instruction and programmed
learning involve the presentation of a relatively small amount of instruc-
tion, either an overt or an implicit response by the trainee, and some
indication of the adequacy of the trainee's response. The techniques--
essentially practicing relevant behaviors--represent an application of
the principles of reinforcement and learning. Although most devices and
programs are based on similar principles, a wide variety of devices and
programs have been developed. Publications are available which provide
practical summaries of the types of devices and programs that are avail-
able (19, 25, 38), how to prepare such instructional materials (29, 46,
48), and the potential uses of such instruction (17).

Military research and applications have contributed very extensively
to the technology of automated instruction and programmed learning. Mili-
tary organizations conducted much of the applied research that led to
these techniques and have actively pramoted their use (36). Hopefully,
these techniques will ease same of the military training problems associ-
ated with individual differences among trainees, inadequate number or
quality of instructors, need for personncl trained above a minimum level
but preferably quite uniform in performance capability, and training
programs of fluctuating magnitude (9).
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Evaluations of automated instruction and programmed learning have
revealed a wide range of findings. Pernaps the safest conclusion is
that the techniques can be applied to a wide range of training problems
with a substantial improvement of one type or another (%6, %9).

Future training systems undoubtedly will involve greater use of
autanated instruction and programmed learning. These techniques may
well be mixed with more conventional media. Judging fram the bulk of
many self-instructional programs, and the exploding engineering tech-
nology, we can expect future self-instructional systems to involve
super-reduced film and/or computers. Such systems offer a necessary
potential for the storage and retrieval of instructional information.

The general concept of self-instruction has extensive implicetions
for the technology of developing the training environment. Impressive
results have been obtained by allowing trainees to select their training
environment {ram a variety of offered materials. 1In an early study on
this concept, trainees were given the training objectives and allowed
to select the media to reach the objectives. The trainees offered this
opportunity reached the training objective more rapidly than those
trained in any other way. This concept of learner-controlled instruction
has great potential and should receive increasing research attention.

SUMMARY

In sumary, it can be said that much of the research on human
learning provides little guidance on practical training problems. Still,
a number of useful principles are available. some of these have wide
generality vhile others appear to apply only to training for specif'ic
kinds of tasks. A major advance in the development of eff{icient train-
ing environments would be possible if' a classification of treining tasks
could be developed which would relate task characteristics to principles
of effective training.

A substantial body of knowledge is available about the effective-
ness characteristics o arious training media, and guildance is available
for selecting media for various training functions. oJinulators are being
used increasingly to provide high level training for complex man-machine
systems. Our ability to specify the characteristics which such devices
should have has not kept pace with engineering technology.

Automated instruction and programmed learning appeer to be effective
means of meeting many training objectives. These techiiques ure here to
stay and arc having considerable impact on both older and nev trzining
techniques. Although the printing press is far from being outmoded, film
and computer techniques may promise economical end eff{icient learner con-
trolled instruction in the near [uture.
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MEASURING THE RESULTS OF TRAINING

Proficiency measures during training can serve a number of differ-
ent purposes. This paper is primarily concerned with proficiency meas-
ures whose maJjor purpose is that of quelity control; i.e., evaluating
the training program in terms of the goals which have been set for it.
In assessing the current status of technology in this area, two major
trends should be mentioned.

EMPHASIS ON EVALUATION

In recent years, there has been an increasing ewareness of the need
to evaluate training programs. Trainees have always been tested, of
course, but the purpose has frequently been to assign grades rather than
to evaluate the training program. Several factors have contributed to
this change in emphasis. One is simply the greater urgency for training
efficiency in the modern military organization faced with limited man-
power resources and equipment of increasing complexity. Another is the
use of the systems approach to the development of training systems.
Application of the systems approach is dependent upon various feedback
loops which can be implemented only by measuring the output of the
training system.

The high level of current interest in proficiency tests for train-
ing evaluation is indicated in several recent treatments of this problem
in the literature (14, 18, 42, 50).

CRITLRION-REFLRENCED MEASURES

The second major trend concerns the manner in which the training
system is to be evaluated. Increasing emphasis is being placed on
cvaluating training systems in terms of objectives which have been care-
fully derived from an analysis of the Jjob for which training is being
provided. Such proficiency tests are based on the statement of training
ob jectives and should be prepured quite independently from the design of
the training program (see Figure 1). If the training objectives have
been carefully derived and state what the graduate should be able tec do,
under what conditions, and to what standard of proficiency, they provide
a useful criterion fcr evaluating the training program.

Proficiency measures which rank individuals with respect to such an
absolute standard of quality are called criterion-referenced measures.
They permit assessment of performance and provide information on degree
of competence which is independent of the performance of others. Such
measures are useful in quality control, in that they permit one to de-
termine whether an individual has reached or surpassed performance
standards that have been established.
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Mony of the proficiency measures currently used in training systems
are norm-referenced. Vith such measures, a particular individual's pro-
ficiency is evaluated in terms of a comparison between his performance
and the performance of other members of the group. Norm-referenced
measures tell us only that one individual is morc or less proficient
thar enother, but tell us little about how proficient either of them 1is
with respect to the performance standards. For this reason, such meas-
ures are of limited value in proficiency measurement intended for quality
control.

This is unfortunate, because most of the research which has been
done on psychological testing has been concerned with norm-referenced
measures. However, the two types of tests are quite different, and it
is important that the technology appropriate to one is clearly distin-
guished 'rom the technology appropriate to the other. An excellent dis-
cussion of the important differences between criterion-referenced and
norn-referenced measures is provided by Glaser and Klaus (18).

DEVELOPING PROFICIENCY MEASURES

One of the major problems in the development of proficiency meas-
ures 1is the specification of the behavior to be measured. If the
approach to training system design described here has been followed,
this step will already have been accomplished with the development of
the training objectives. For most military Jjobs, these training obJjec-
tives will be stated in terms of job performance standards. Proficiency
measurement then becomes the task of measuring how well the trainees can
meet these job performance standards. Unfortunately, relatively little
attention has been paid to the problem of measuring how well an individual
can perfo.m the tasks for which he has been trained. In contrast, the
literature on written tests is quite substantial. There is, however, an
increasing recognition of the need for proficiency tests which measure
the individual's ability tc perform specified tasks at criterion levels,
and it is expected that this is one problem which will receive increased
attention in the future.

There are three important classes of problems that must be faced in
developing proficiency measures. These will be discussed briefly below
in terms of the current state-of-the-art.

Mecsurement problems. Any proficiency test is an attempt to meas-
ure human behavior. As such, a number of basic problems in psychological
neasurement are involved--problems such as reliability, testing conditionms,
test formats, etc. Much has been written on these aspects of the measure-
ment problem, and, in general, the technology is well developed. Adequate
treatments of this technology are availaple and no further discussion 1s
required here.
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Relevance. The most basic problem in developing proficiency meas-
ures for training is relevance. The problem of relevance is one of
establishing the degree of behavioral equivalence between the test situa-
tion and same other situation, usually performance on the job. Develop-
ing proficiency measures consists of developing test situations which
will elicit trainee behavior which is closely related to that required
for successful performance on the job. In accamplishing this, a variety
of measurement approaches are available.

The most direct measure of proficiency is to test the trainee's
ability to perform on the job. Such measures are often used both in
industry and in the military. Wilson has listed five categories of on-
the -job measures which have been used (50):

1. Tangible product measures

2. Measures of specific behavior elements
3. Gross performance measures

4. Inferred positive performance

5. Malperformance measures

Tangible product measures are not very useful in military operat. .us
because a product in this sense is seldom involved. Methods 3, 4, and 5
all have the serious disadvantage for use in evaluating training in that
they are really measures of s;ystems performance rather than of human per-
formance. Thus, 1t is impossible to obtain a measure of trainee perform-
ance independent of other factors which also influence system output.
Examples of such factors are equipment variability, adequacy of supervi-
sion, adequacy of logistic support, etc. Measures of specific behavior
elements on the job, however, have often proved to be both feasible and
useful. With this method, jobs or tasks are broken down into individual,
quite specific activities. The performance of these activities is then
observed on the job. When this method 1is used with carefully prepared
checklists and objective standards of performence, it can be quite re-
liable and useful in evaluating training. A recent example of the use
of this method to evaluste training has been reported by Siegel, Schultz
and Federman (40). It would appear that this type of on-the-job measure
deserves considerably more attention.

A second approach to the problem is the use of simulators or other
types of work sample situations. Increasing sophistication and ingenuity
in techniques for simulation are providing new ways to elicit criterion
behavior for proficiency measurement. Tests using simulation of the work
enviromaeent offer many of the advantages of on-the-job measures. At the
same time, the greater control which simulation allows makes it possible
to rule out many extraneous factors which exist on the job. With the
prowing need for more intensive and specific measures of job performance,
simulators will became increasingly important in the proficiency measure-
ment field. Considerable attention has already been given to the use of
electronic simulators in providing improved opportunities for measuring
human performance in camplex man-machine systems. Such simulators
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reproduce zll of the major sources ot stimulus input and also allow t'or
reclistic recponse output. In addition, the computer portions of such
Simulators con often wve usea not only to provide the dynamics required
l'or system simulation vut to monitor and score automatically the per-
{ormance of the trainee. The steotus of the techaology involved in using
simuletors to measure the proticiency of flight crews hos recently been
documented by smode, Gruber, and sly (42). This treatment would apply,
in genervl, to any complex men-machine system. oome Jobs do not involve
exteasive interactions between mon and machine, or course, and in such
cases, it is often poscible to clicit criterion behavior without the use
oi' comple:r equipment. Two recent examples of such joo simulations are
the in-busket test {or school principals (13) ana a classroom simulation
ror teachers (2u).

situations do exist and will continue to arise where it is difficult
or impossible to obtain objective measures of performence. In such cases,
one nmust be content to use tests vhich measure correleted behaviors. Such
tests elicit and evaluate behavier vhich is different from that which is
required on the job, but which is eipected to be correloted with job per-
formance. The most common type of correlated behavior measures is the
use of verbal tests to assess periormance which is essentially non-verbal.
The many job knowledge tests used by the military services are examples of
this approach. Juch tests have the advantage of being easily constructed
and economically administered when compared with on-the-job or simulated
proficiency measures. However, vwhereas proficlency measures made on the
Job or in simulated situations cen be said t> be relevant by definition,
this is not the case with correlated-behavior measures. With such meas-
rues, relevance rmust be established empirically, e.g., correlationally,
with perrormance-derived scores. Once this has veen done, their use is
perfectly defensible. Techkniques for developing and validating written
tests are, of course, well developed. It is quite likely that the opti-
mum proficiency measurement test fcr many situations lies somewhere be-
tveen complete simulation and written tests. At the present time, how-
ever, tevw principles exist for deciding what features of the job environ-
ment nust be simulated for proficiency test purposes. This is a most
important problem area and requires additional research.

Sampling. A third important problem area i developing proficiency
measures is that of sampling. The content of a pi>ficiency test used to
evaluate training must accurately reflect the objectives of training,
and the extent to ‘thich it does is a measure of its content validity.

In some highly repetitive jobs, it is possible to obtain proficiency
measures on the total universe of job behaviors. In most military jobs
the variety of component tasks involved and the range of conditions under
W.i.Ch they must be performed make this approach impossible. In these
cases, it 1s necessary to sample in some way, usually by selecting

for measurement those behaviors judged to ve most important in successful
performance on the job. Techniques in the area of sampling and the
closely related problem of weighting are not well developed, and the most
commonly employed method is that depending upon the Jjudgment of experts.
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An excellent discussion of sampling and weighting in the development of
proficiency tests is provided by Glaser and Klaus (13).

Even with sampling, proficiency tests based upon measuring perform-
ance either on the job or in simulated situations often involve excessive
amounts of time. 1In measuring the performance of maintenance personnel,
for example, a single troubleshooting problem may run scveral hours--one
of the major reasons why written tests have been so much more popular
than performance tes.s. It would appear that there is a need for the
development of new concepts in this area. The present dilemma of ex-
cessive testing time is clcsely tied to the concept of grading students
for the purpose of ranking them. If one accepts the fact that proficiency
measures at the end of training are for the purpose of evaluating the
treining system rather than for ranking students, other strategies may
be possible which will permit adequate evaluation in much less time.

SUMMARY

In summary, it can be said that greater attention is being given to
tiie evaluation of training systems in terms of proficiency tests which
are criterion-referenced. Developing such proficiency tests involves
problems in three arees--measurement, relevance, and sampling. A rather
well developed technology is available to support the development of
tests which satisfy basic measurement criteria. Relevance can be assured
by measuring proficiency on the job or in simulated job situations or by
measuring behavior which has been shown tn correlate with proficiency on
the job. It would appear that proficiency measures taken of simulated
Job performance offer the most promise, but more information is needed
on hcw to specify the degree of simulation required to assure relevance.
Techniques for sampling behavior to include in proficiency tests are not
well developed. New concepts are required to reduce the time which per-
formance tests require.

PROMISING RESEARCH AREAS

The previous sections of this paper have discussed the status of
the technology which bears on training the military man to perform ef-
fectively. It has been seen that a considerable body of systematic
knowledge and techniques does exist, and that it 1is growing rapidly.

We have by no means reached the decelerating portion of' the curve, and
future research and development may be expected to produce substantial
gains in training efficiency. .hat are some of the areas in which
further improvements wouid make major contributions to the training of
military personnel? A general discussion of new ideas, technigues, and
procedures in the field of training and training research hos veen pro-
vided by Smode (4l). My purpcse here is to single out for briel dis-
cussion several areas which appear to oe especially proad.ing. Jefore
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doing this, it would be well to mention again that information which is
available is not being applied in many areas of military training.
Significant, and in sume cases, large, improvements in training efficiency
could be achieved by using what we already know. Therefore, it would
appear that a study of the problems and processes of applying the currently
available technology would have high potential payoff.

TASK CLAGHGIFICATION

The earlier portions of this paper have made clear the basic import-
ance of a task taxonomy to the development ot training cysters. o
rigorc s science of behavicer in instructional situations will be possible
until we have made much more heudway on the problem of clussifying the
tasks on which instruction is given. What is needed is a task classi-
fication scheme such that membership in a class will be related to the
applicability of principles of training. The availability of such a
classification system would be a major advance in the technology of train-
ing. It seems likely that it will be a long time before such a system is
available. A note of encouragement ic seen, however, in the increased
interest which has been demonstrated in this problem during the past few
year . A number of tentative classif'ications applicable to limited areas
have been proposed: Fitts (11) for perceptual-motor skills; !Miller and
Folley (54) and Hoehn (21) for electronic maintenance tasks; and Smode,
Gruber, and Ely (43) for operator tasks ir weapon systems. Likewise,
Fleishman's studies of perceptual-motor learning in terms of the ability
requirements of tasks provides a method for task classification (12).
An early project directed specifically at this problem resulted in three
general classification systems based upon dif.'erent approaches to the
problem. These were presented at the APA Convention in 1500, and two of
them b e been subsequently published (350, 44). Thus, it is apparent
that sume interesting progress is being made in this area. What is
needed now is a vigorous effort to test and evaluate the available taxo-
nomies in terms of their reliability, validity, and heuristic power.
Only then will we know whether we are on the right track or whether
entirely new ccncepts and approaches will be required.

INDIVIDUALIZATION OF TRAINING

The extent to which individuel dit'ferences in lezrning character-
ictics exist sets a limit on the efficiency with which « group of in-
dividuals can be trained using any single training procedure. Any
further increases in efficiency must be ocotained by matching training
procedures to the characteristics of the trainees. This problem is the
counterpart of the task classi?ication problem. Here, however, we are
interested in classifying students with respect to their training
characteristics. It seems quite likely that one of the most signifiicant
ways in which the eftficiency of militury training can be increcsed is
greater use c¢i' the various devices and techniques which «llow instruction
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to be individualized. There is some evidence to support this position.
In a promising basic research study, Allison found significant relation-
ships between learning parameters and measures of human ability (2). A
few other studies have shown a relationship between training methods and
aptitude differences. Theoretically, of course, any measurable differ-
ences between individuals which affect the efficiency of learning can be
used as a basis for the differential programming of instruction. The
general implications of this concept for training and training research
have been discussed by Eckstrand (8).

Recently, the development of autcmated teaching devices and tech-
niques has provided a class of teaching and training media which are
capable of adaptation to individual differences. However, these devices
and techniques have as yet provided only the most limited type of adapt-
ability. This is perhaps not surprising in view of our lack of knowledge
about the relationship between individual differences and various methods
of programming training. Stolurow has recently described a concept
called idiomorpiic programming in which the responsiveness of the teach-
ing system is based upon a large amount of information about the individ-
ual student (45). The effective implementation of such a system will be
impossible, however, until much more information is available. This is
certainly an area of research which offers high potential payoff. The
importance of this research is highlighted by the rapid advances being
made in computer technology and adaptive programming techniques. Elec-
tronic computers are making possible training systems with almost un-
limited possibilities for responsiveness to individual differences, but
we do not yet know how to make use of this potential.

FACTORS OUTISIDE THE TRAINING SYSTEM

As the quantity, variety, and complexity of the equipment used by
the military increases, there is an increasing need for methods to reduce
the cost and time for developing technically qualified personnel to
operate and maintain this equipment. One way to do this is to increase
the efficiency of training, and this has been the primary subject of
this paper. Another approach is through factors outside the training
system itself which have an impact on the nature and magnitude of the
training required. It seems likely that major reductions in training
costs and time can be achieved by exerting some kind of control over the
training requirements generated. Two areas of importance will be
mentioned.

Personnel system. The personnel system in the military services
has an impact on the training system in several ways. Consider the
matter of assignment at the end of training. In a recent Navy survey
of Electronic Technicians, it was found that approximately one-half of
the ET's serving with the fleet and about one-fourth of those ashore
were not working primarily within the area indicated by their service
ratings (3). Jimilar findings have been reported in an Army study (L).
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If the personnel system cannot assure that a graduate will be assigned

t> the Job for which he was trained, the training system is required to
produce a generalist rather than a specialist. This greatly increuases

cost and time. Thus, one area which would warrant additional research

is the relationship between assignment and rotation procedures and the

cost and time required for training.

Equipment design. Training requir-ements are, tc a considerable
degree, implicit in the design of the equipment which the militery
services develop and use. Various techniques are used to predict what
training requirements are generated by new equipment so that appropri-
ate training systems can be developed and operated. At the present
time, however, very little effort is made to control training require-
ments by influencing the design of equipment. There is no reason why
this should not and could not be done. Certain operational and engi-
neering constraints have been placed on system d~signers for years,
e.g., weight, power, reliability, compatibility with existing facili-
ties, etc. Logically, the same approach could be taken with respect
to personnel and training requirements. In order to make this possi-
ble we must develop much more quantitative information about the
trainability of various kinds of tasks. The availability of such
data would msake it possible for training requirements to be considered
and traded off with other engineering factors in the design of systems.
This capability would permit a great improvement in our ability to
train military men to perform effectively.
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INTRODUCTION TO PART il

The military, operating in three media, imposes major constraints
and stresses on men's sensing, decision-making, and controlling abilities.
Assuring maintenance of the individual and continuation of function
vithin a system has required--and continues to require--ingenuity and
critical sharpening of research.

Dr. Richard Trumbull, head of the Psychological Sciences Division,
Office of Neval Research, planned and organized Part III covering the
history and thallenge of research relevant to psychophysiological
factors influencing military performance.

For Chapter 7, Dr. Trumbull invited the participation of Dr. Earl
Alluisi of the University of Louisville, Dr. W. Dean Chiics of the
Aerospace Medical Research laboratories, and Dr. Richard P. Smith of the
University of Loulsville. This chapter reviews the situational factors
likely to occur in the operation of military systems--factors placing
atypical demands on the operator in a system--and reports the influence
of these factors on individual performance where such influence is known.
The review includes discussions of effects of atypical work-rest schedules
and schedules for high-alert situations demanding 2L-hour operation
daily, the interactions of selection and motivation on adaptaticn to
atypical schedules, and some effects of nonlethal chemical incapacitating
agencies such as LSD on individual performance.

In Chapter 8, Dr. Randall M. Chambers of the U. 3. Naval Air
Development Center, University of Pennsylvania, discusses physiological
tolerances to G-stimulus variables and the effects of acceleration on a
spectrum of humen abilities. He bases his treatment of the subject on
data obtained on astronauts, pilots, and volunteers during exposure to
acceleration environments, 1 points out that physiological tolerance
and performance tolerance may be functionally related but neea not be
the same, since both are dependent on the criteria of reliable function-
ing which are accepted.

Dr. Saul B. Sells and Dr. Nurhan Findikyan, both of the Department
of Psychology, Texas Christian University, continue the discussion of
psychophysiological performance. In Chapter 9, they center their
attention on the processes which maintain skills and the processes which
impair skills under conditions encountered in both conventional and new
military and aerospace activities. While emphasis is on ways and means
of mitigation of performance decrement, identification of human tcler-
ance parameters is considered a necessary sujplementai task. These
authors point out that tolerance, measured in terms of physiological
parameters, may be unrelated to performance in various skilled tasks,
and that in saome cases massive phyrs »>logical damage can be endured
without impairment of certain measured skills. They also caution
against unequivocal acceptance of tolerance limits for any variable
taken -ingly as holding for the same variable in complex situations.
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EARL A, ALLUISI
CHAPTER 7 W. DEAN CHILES, RICHARD P. SMITH

HUMAN PERFORMANCE IN MILITARY SYSTEMS:
SOME SITUATIONAL FACTORS
INFLUENCING INDIVIDUAL PERFORMANCE

Among the special characteristics of military systems, especially
in times of national emergency, are the atypical demands they make upon
the men who operate them. Most of these atypical conditions are situ-
ational; i.e., they are the products of sets of circumstances, and taecy
serve to change the working conditions from those designed to be typi-
cal to some other set. Thus, they are situational in two senses--they
are created by the circumstances of place and time, and they constitute
special sets of conditions under which operations must take place.

Some of these situational factors, and their influences on indivilual
performance, are discussed in this chapter.

Atypical work-rest schedules. During times of war or other na-
tional emergencies, men are often called upon to work atypical sched-
ules. An infantryman does not work merely an 8-hour day and a 5-day
veek--not, at least, while he is assigned to front-line cambat duty.
The operator of defensive alerting systems must nct work at less than
maximum alertness--too much is at stake. 1In both cases (and the hun-
dreds like them) the situation demands more work than is typical, at
higher levels of performance than are typically necessary, with less
rest (and, perhaps, less sleep) than is usual, and a cycling of work
and rest to which the operator may or may not have previously adjusted.

Yet it is known that men's physiological processes (and to some
extent his performances) exhibit variations that are a function of his
being adapted to a 2i4-hour day. When he follows an atypical non 24-
hour-cyclical schedula of activities, his physiological rhythms will
show some, but not compiete, adaptation. Furthermore, persons differ
widely in their ability to adapt and in the speed with which their
maximum adeptation takes place (Brindley, 1954; Kleitman and Kleitman,

1953).

A recent review of the literature on work-rest cycling (Ray,
Martin, and Alluisi, 1960) indicated that within broad limits perform-
ance does not appear to vary significantly as a function of the work-
rest cycle, provided the work-rest and sleep-wakefulness ratios are
held constant and the period of observation does not exceed one week.
The exception noted was the decrement in the performance of certain
watch-keeping or vigilance tacks that has been commonly observed.
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Man is apparently capable of maintaining high-level performances
on various tasks while living according to rather rigorous, atypical
work-rest schedules, at least for short periods of time. Very few data
are available for valid generalizations to longer periods of time, and
until recently very few data were available to indicate what might be
an optimum work-rest schedule for situations of military importaiice--
i.e., for situations that demand 2h-hour-a-day operation, on a high-
alert basis, with maximization of the operator's efficiency and relia-
bility, and minimum use of manpower. Data concerning such optimum work-
rest scheduling have been coilected over the past several years in the
Lockheed-Georgia Company's Human Factors Research laboratory under the
contractual support of the 6570th Aerospace Medical Research laboratories.
These data are discussed in the following sections.

Optimum work-rest szheduling. In the earliest of the experimental
studies (reported in detail by Adams and Chiles, 1960), the performance
of 16 subjects was messured over a period of 96 hours on four differ-
ent duty-period and rest-period schedules (2 hours of work and 2 hours
of rest, 4 work and 4 rest, 6 and 6, and 8 and 8). The subjective re-
ports of the individuals tested suggested that the 2-hour and L-hour
shifts were superior to the others. Becauvse the tota) period of time
studied was relatively brief and the total number of subjects was
relatively small, the study probably evidenced low statistical power;
it may have been for this reason that the performance differences among
the schedules were not statistically significant. It was evident,
however, that the subjects could work at the tasks assigned with main-
tained efficiency for 12 hours per day over periods at least as long
as 96 hours.

Two additional 96-hour experiments followed the initial study.
These experiments were designed to examine the ability of the subjects
to work for greater proportions of the time. During one of these ex-
periments the subjects followed a schedule of 4 hours of work and
2 hours of rest. In the other they followed a schedule of 6 hours of
work and 2 hours of rest. Both studies have been reported in full
elsewhere (Appendix I, Adams and Chiles, 1961).

The performance data obtained failed to demonstrate the superi-
ority of either the 4-2 or 6-2 schedule of work and rest. But again
the evidence obtained fram questionnaires completed by the subjects
was important; it suggested that severe decrements in performance
would probably have resulted fram prolongation of the 6-2 schedule
beyond the 96 hours of testing. For example, the subjects on the €-2
schedule averaged less than 4 hours of sleep per day, whereas those on
the 4-2 schedule averaged 5.5 or more hours of sleep per day. Unless
the circumstances of operation of the system are such as to reduce the
sleep requirements of the operator (and, to date, no set of circum-
stances has been demonstrated to do this), 4 hours of sleep per day
over a prolonged period may be considered inadequate (cf. Ray, Martin,
and Alluisi, 1960).
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These b-duy experiments have been followed by a number of longer
term investigations. In the first of these, which we shall call
"Operation 560" (Opn-360), two crews of operational personnel from the
United Jtates Air Force served as subjects. Each crew was confined %o
a relatively small (1100 cubic feet) crew compartment and tested on a
-2 work-rest schedule over & 19-day period (Adams and Chiles, 1961).
During this period the subjects had no carmmunication with their normal
environment, and communications with the experimenters were limited to
intercom messages of direct relevance to the simulated aerospace mission.
The 4-2 schedule was selected f{or early study becuuse it showed promise
of being the most ei{ficient, practicavle schedule of &ll the cycles
previously studied. When working such a schedule, three men with
eppropriate cross-training can operate two work stations continuously.

The 15-day period was selected because it extended beyond the
point at which individuals can be e:xpected to compensate by extra effort
for serious degrees of fatigue-induced stress or deterioration in per-
formance. Also, the choice was influenced by the belief that the sub-
Jjects would consider 15 days to be a relatively long period of time;
they would consider it not a trivial experience, especially if the
situation were to have been unpleasant. Practical considerations of
economy, and of equipment reliubility and maintenance at the time of
the study also acted to preclude the use of a longer period of confine-
ment.

Well-marked diurnal rhythms were evidenced in the levels both of
performance efficiency and of sympathetic activation. These hourly
varietions, which equaled or exceeded the variations between daily
nmeans in most cases, continued f'or the full 15-day period of confinement.
Wide individuel differences were evidenced in the ability to adapt to
the 4-2 schedule and tu maintain a high level of performance over the
15 days; most subjects showed general drops in performance over the
15 days, but two of them mointained generally steady performance. Also,
the performance of a volunteer crew was generally better than the per-
formance of the other which had "volunteered" because it was the only
crew available at the time of the study.

Subsequent to the coilection of these date, a control study was
carried out (Appendix II, Adams and Chiles, 1961). Ten coliege students
served as subjects in the control study. They worked 4 hours per day
for 9 consecutive days per weex over a period of 6 weeks on the same
tasks, and in the same crew compartments used by the e:perimental
groups. Of course, they were confined to the crew compartment only
during the 4 hours of work on each day.

The trends in the performance of the confined subjects as cam-
pared with those of the control group led to the conclusion that with
a minimum of selection, subjects could be found whose motivation and
abilities would lead to acceptable levels cf performance on a schedule
of 4-hours work and 2-hours rest for periods of at least as long as 15
days.
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Subsequent to the Opn-360 study, the task battery was extended to

include group-dependent performances as well as individual performances.

That is to szy, two group-performance tasks were developed and tested
(Alluisi, Hall, and Chiles, 1962). After further modifications they

were incorporated in the battery. In each of the tusks, successful per-

formance required interactions among crewmembers in the form of ex-
changes of information, cooperetion, and coordination. Both provided
quantitative indices of crew performance.

In the first of two subsequent long-term confinement studies
(HOPE-II), six Air Force Academy Cadets followed a schedule of 4 hours
work and 2 hours rest for 15 days. These six subjects manned four work
stations continuously on a 2h-hour-a-dey basis. In HOPE-III, the
second of these two studies, 10 USAF Pilots manned five work stations
continuously for a 30-day period; the pilots were organized into two
S5-man crews thut worked alternating h-hour shifts. (Both studies have
been reported in full by Alluisi, Chiles, Hall, and Hawkes, 1963.)

During the entire 15-day (HOPE-II) and 30-day (HOPE-III) experi-
mental periods, the groups were confined to the 1100-cubic-feet volume
of the advanced-system crew-compartment mockup used in the previous
studies. While on-duty, each subject performed on 6 tasks (arithmetic
computations, auditory vigilance, warning-lights monitoring, target
identit'ications, probability monitoring, and code-lock solving). The
tasks were displayed on operator panels located in the work-station
area of the crew campartment.

The previous conclusion with respect to the L4-2 schedule was
supported; namely, with a relative minimum of selection, highly moti-
vated subJjects can te found who can maintain acceptable performance
levels on a schedule of L4 hours on-duty and 2 hours off for a period
of at least 2 weeks duration, and probably for a month. On the other
hand, performance was generally better sustained by the crewmembers who
followed the schedule of 4 hours on-duty and 4 hours off, and it was
maintained for the entire 30-day period of their confinement. It was
concluded that during actual missions, the L-4 schedule can probably
be followed for 60 or 90 days without decrements in performance.

Because of this, and because the L-4 schedule permits a certain
safety factor (crewmembers can make up for an illness or other loss of
man-hours by following a 4-2 schedule when necessary), the L-l4 work-
rest schedule was recammended as feasible for use over moderately long
intervals of time where high-alert performances are required on an
around-the-clock basis, and where total manpower is to be minimized.
In short, the 4-k work-rest schedule appears to be an optimum schedule
under the requirements noted and with the criteria used.

Adaptation, motivation, and selection. 1In the three long-term
studies summarized in the preceding section (Opn-360, HOPE-II, and
HOPE-III), evidence was obtained to show something of the importance
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of motivation and selection in relation to the maintenance of high-
level performance while working the demanding schedules used. It has
been noted that in Opn-360 the volunteer crew performed better on the
average than the crew which "was volunteered." It has been noted also
that in the same study individual differences in adaptability were wvwide.
It was the experimenters' judgments, prior to seeing the summarized
data, that two of the subjects would score better on all tasks than the
other subjects because they appeared to be more highly motivated--they
appeared to be trying harder. These two subjects did in fact show
generally stable performance with little or no decrements over the
15-day confinement period, and they were the only two subjects in
Opn-360 who showed no general decrements.

There were three maJjor differences between the Opn-360 study and
the HOPE-II and HOPE-III studies, and these differences relate to the
motivaticn of the subjects. First, in the latter two studies, the
subjects were required to perform two group-tasks, whereas such tasks
were not contained in the battery used in the earlier Opn-360 study.
Whatever the effect of group interaction (we suspect it serves a
social-incentive, alerting function), it was a requirement placed on
the subjects of HOPE-II and HOPE-III1, whereas it was only incidential
in Opn-360.

Secondly, each subject volunteered as an individual to serve in
HOPE-II and HOPE-III, presumably without the kind of social-pressure
phenamena that might have existed in the regularly constituted groups
that were being asked to volunteer as units to serve in Opn-360. 1In
addition, the HOPE-II and III subjects reported that they viewed their
participation as being of some value to their potential careers as
aerospace vehicle operators.

Finally, the HOPE-II and HOPE-III subjects were asked to attempt to
minimize the previously demonstrated diurnal performance effects. (Of
course, we have ig.ored in this listing the principal difference in the
work-rest schedules--4-2 for Opn-360 and HOPE-II, and 4-4 for HOPE-III.)

The performance of the individual subject in these studies was
evaluated as follows: A rank-order coefficient of correlation was
camputed between each of the performance measures of each of the sub-
Jects and the days of confinement; thus, a positive coefficient (rho)
represerited performance that improved with time, and a negative rho
represented performance t{hat deteriorated with time.

Of all the rho's that were computed, approximately 2/3 were sta-
tistically significant in each of the three studies. Of these signifi-
cant trends (1) 90% were negative and 10% positive in Opn-360, (2)

724 were negative and 28% positive in HOPE-II, and (3) 8% were negative
and 92% positive in HOPE-III. We believe these percentages may be taken
as an indication of the order of magnitude of the essential differences




that might be expected on the basis of motivation and selection (in the
case of Opn-360 versus HOPE-II, or on the basis of the scheduling of :
work and rest (HOPE-II versus HOPE-III). J

Finally, the diurnal variations in performance that were so strik-
ing in the data of Opn-360, and that appeared to be highly correlated
with the diurnal variations in physiological activation, were not ob-
tained in HOPE-II and were greatly reduced in HOPE-III. Apparently man
can be motivated and educated to avoid the diurnal variations in
performance--but only to an extent. In both HOPE-II and HOPE-III
diurnal rhythms were evidenced in the data on body temperature and
heart rate, as well as in the performances obtained under conditions of
performance stress. That is to say, when the operator was overloeded,
the diurnal cycling re-appeared in the r rformance data.

Thus, "Channel Capacity" can be taken as a linit beyond which
motivation cannot push; since we seldom work at full channel capacity,
even in military systems, this does not seriously limit our generaliza-
tion that the degree of adaptation to situational factors will be in-
fluenced greatly by motivation. Of course, it will also be influenced 1
by selection, to the extent that the men selected are either (1) better
able to adapt to the specific situations or (2) more highly motivated
to adapt.

Performance reserves and the measurement of situational stresses.
The data of the preceding sections can be interpreted as suggesting
that man typically has performance reserves upon which he can call when
faced with situational stresses, if he 1s sufficiently well motivated
to do so. If this is true, then the degree of stress imposed by the
situation cannot always be measured simply in terms of the levels of
performance obtained--these latter also being functions of the operators'
motivationel levels and of their performance reserves. Instead, the .
first stress can be evaluated at times only indirectly, for example, by
measuring performance when a second stress imposes demands that can be
met only by use of already depleted performance reserves.

That is tc say, our normally assigned duties do not typically push
us to any physiological or psychologicel limits, and when sufficiently
well motivaeted we are remarksbly able to maintain high performance
levels, at least for short periods of time, even under quite stressful
conditions. The costs of maintaining performance might well be evalu-
ated in terms of an associated reduction in performance reserves; indeed,
this might be used as a measure of the degree of stress imposed. Thus, ]
whereas a 16-hour work period per day may not show gross deteriorations
in performance over a 2-week period relative to the performances obtained
with 12~-hour work periods, those persons who have been following the more
stressful schedule might be less able to meet additionzl demands (such
as a 2l-hour period of continuou: work) than those who have been follow-
ing the less stressful schedule even for only a short period. Results
of recently completed experimentetion (Alluisi, Chiles, and Hall, 196k4)
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