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POREWORD
SURVEY OF HUMAN PACTORS IN ARMORED VEHICLES OPERATION

Since the beginning of the investigation leading to the preparetion of
m-w,mmmmmmwwmmw
and research design in the light of increasing scphistication in this area

of research. There have been indicatiocns that portions of the research berein

- mmmmammmumnm-tm. The aifei-

culties of obtaining needed facilities and support for research in the armor
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that the effort as & full-scale task be discontinued, work in
mutovnummwmwimbottmtcrmm
mxummmummnmm. The report,
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research payoff to the military.
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SURVEY OF BUMAN PACTCORS IN ARMORED VEHICLES OPERATION
PURPOSE OF THE SURVEY

Armor has in the past played & prominent role in the successful
accomplishment tactical missions. Without exception, each of the many and
varied plans for reorganization of the Army's combat force places
increased emphas: on the role of armored vehicles such as tanks and per-
sonnel carriers. ' To provide the requisite firepower, mobility, protectiom,
and shock action on the battlefield, the cspabilities of armor will de
exploited to the fullest. To supply and improve these capabilities, increes-
ingly complex warfare systems have been developed. Optimal exploitation of
mquanwttwmm-.mmmwm-
zation of buman skills and ebilities. Although developments in guidance
systems; automatic weapons, and homing devices can be expected to play an
incressing role in armored vehicle operation, the humen components remain none
the less the controlling elements of the vehicle and its subsystems, Plans
for mid-renge and long-range time freames, futhermore, call for modifications
of combat cperations and procedures vhich may intensify the classic buman
factors problems associated vwith armored vehicle cperation, including the
effects of noise, heat, confinement, and isolation. In line with this
tm,wmmtedarwtwmrwtmnm
in fighting vehicle operstion., In order to meet its obligation under this
requirement, the US Army Persoiinel Research Office has conducted thbis
exploratory study to identify problem areas that

1. Focus upon the more critical needs of the Army in the light of
current and future requirements.

2, Are observable, measurable, and amenable to research attack.

3. Promise to yield a payoff to the military.

To accomplish this study, USAPRO research scientists beceame familiar
with fighting vehicles, their characteristics and employment. They
discussed operational problems with armor personnel and personally observed
ficld activities. They surveyed the literature to become aware of related
accomplished, ongoing, and proposed research and research methodology.

BACKGROUND- -EVOLUTION OF ARMOR SYSTEMS

The nature of coaflict in World War I dictated a need for a weapon to
advance across the no-man's land between trenches and destroy the machine-
guns that had immobilized infantry. The tank offered a solution to this
need for the removal of obstacles. The mission of this tank--to support
infantry--required onl,  that it de slow, that it have great crushing power,
and that it be capable of withstanding the wespons of the day. The tank
vas at first only qualifiedly successful. Treining in tank varfare ves
insdequate. In many cases the users vere as naive to the potentialities of
this nev "system" as were the victims. Nevertheless, the nev system led
men of imagination to envisage a drastic reinterpretation of one element
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of combat--the attack. A nevw type of tank was conceived--made possible by
technological advance--wvhich took on the historic role of the

Napoleonic Armies. Further increase in firepower, in mobility, and in
shock-producing capability led to the reorganization of whole units around
the tank. Each alteration called for a more capable operstor and corev.
Propulsion, armement, commmication, coordination, all have become exceed-
ingly complex, all making demands on personnel unimeginadle in 1916.

With respect to planning for the mid-range and long-range time frames,
it is not likely that the basic elements of combat will change. However, once
again emphasis on and within various elements has shifted as a result of the
tremendous advances in weaponry and the resources of a possible enemy. For
the greater part, changes since World War II reflect only merginal improve-
ments in the tank system, suggesting that these new developments are in
fact a rebuilding with the same bricks. Current developments in arms, missiles,
and tactics suggest further that such rebuilding will prove inadequate.

The greatest changes in armor systems will come as a result of increased
kill-povwer of friendly and enemy weapons and greater mobilization of a
possible enemy. Both developments dictate a reinterpretation of the attack
phase of varfare. The Army of the mid-range time frame must be prepared to
wvage var against a well-equipped, highly uchnniud“ and numerically superior
enemy having the capability of nuclear firepower. "Offensive defense"
against such an enemy requires a highly mobile Army utilizing principles
of defense in depth and counterattack, exploiting its own use of nuclear,
chemical/biological, or conventional weapons strike. Anticipated use of
nuclear and high yield nonnuclear weapons, as well as an anticipated
imbalance of forces, will necessitate dispersion of units to afford the
enemy no massed targets for missiles or concentrated attack. Moreover, large
tank-heavy forces will have to be kept in reserve to effect crushing counter-
attacks against the inevitable break-throughs of massed attacks on an extended,
dispersed front. Ground will often be controlled through careful surveillance
and control of approaches rather than through static occupation.

On this highly mobile, fluid battlefield, heavy blasts from nuclear
and nonnuclear emmmition will f£ill the air with high densities of
munitions, which, along with radiation and various types of gasses and
other airborne fatal agents, will be extremely lethal to any exposed troops.
Widely dispersed concentretions of troops will be messed briefly and
redispersed as the situation demands. PFriendly strikes of conventiomal,
nuclear, or chemical/biclogical weapons will be rapidly exploited by
vehicles which can carry the attack over the battlefields while offering pro-
tection from the immediate and/or lingering effects of friendly and enemy
veapons. To wage this type of war, the Army must have weepons and persounel
carriers that reflect the principles of firepower, mobility, and shock
action. Operators and personnel menning these weapons must also meet new
requirements.

VISITS TO FIELD INSTALLATIONS

During visits to field installations (See Appendix A for s list of
those visited), task personnel observed exercises and Army Training Tests
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and conducted conferences and interviews with enlisted men and officers
Meduthmmsem,mwm-mu, Training Centers,
and Cperating Units. Information was developed pertinent to the delineation
o;rnmhmumammmmtomwmmmm
effectiveness.

The prime mission of Armor is to deliver swift, crushing blows utilizing
its basic capabilities of firepower, mobility, and shock action. Tanks and
other armored vehicles characteristically operate together. It is often
wtheuhﬂofthemiteannderincowumtmmumtmmw
maneuvers and efforts of his vehicles that the outcome depends. Four bdasic
elements are prerequisite to the effective coordinsted performance of an
armored unit under the control of an able unit commander: (1) equipment must
function; (2) crews must be capable of operating the equipment under the
conditions encountered in the field; (3) crews and individuals must be treined
and disciplined to respond; and () commnication channels must be open to
allow the commander to issue orders, the vehicle crews to acknowledge or
respond to orders. The relative effectiveness of the operation may be stated
then, as a function of (1) the design and maintenance of the equipment;

(2) the physical capabilities and limitations, the aptitudinal and psycholog-
ical charscteristics of crew members; (3) the developed skills and procedural
techniques nloyodbythecmundcmnubenmthwuonottho
machine together vith all other factors which might influence the effectiveness
of the application of these skills and techniques in the operational situation;
and (4) the equipment, procedures, and utilization of commmmnication processes
through which orders and information are received, channeled, and fed back

through the system.

It is during the relatively brief period of closed combat--in which
men are "buttoned-up" within a vehicle--that operations within the tank or
armored vehicle are most trying on the crew, physically and psychologically.
During this time also factors vhich might influence the effectiveness of the
operstor's skills and techniques become most important. Most eritical of
these factors influencing individual performence are enviromment, equipment
design, and interaction with other crev members.

ENVIRONMENTAL PACTORS IN ARMORED WARFARE

Within the armored vehicle, crewmen are generally either very hot or very
cold--reports from crevmen indicate that fans and heaters in present equipment
are inefficient and are very seldom used. KNoise from the weapons, the
engine, and the redio set is at an extremely bigh level. Vibration and Jarring
as the vehicle advances over cpen terrain constitute an unavoidable hazard.
Although vehicle crews need be "buttoned-wp" for only comparstively short
pmmatm,umutunumrmaurm-umm-
mﬂn,m«toﬁwwwcﬁcmw-\o"nw
unplessant, and, further, that performance is affected. Noise is both trouble-
scme and tiring. Combined with the effects of heat, vibretion and bouncing,
mwwwmam:nwmmmammm
loader during tactical movements, noise is held responsidble for slowing down
reaction time and reducing efficiency vithin the tank or vehicle at precisely
the time vhen efficiency is most critical. Reports indicate also that
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"buttoning-up" results in disorientation, apparent increase in noise, and
feelings of coufinement. Ww”wmwmmm'o
perception of danger, feelings of isolation, and susceptibility to fear.

These feelings are akin to those smntedhv--crwutmummby--
sensory deprivation as the result of auditory masking by smbient noise, tactual
masking by vibration and Jarring, and decrease in visual stimulation through
loss of contact with the external enviromment (perticularly in the case of

the losder and gunner), blurring csused by vibretiom, and decreased illumina-
tion.

Advences in the art of warfare, as reflected in tactics projected for
the mid-range time frame, nmnhtveucutedaohiﬁofqhuuutmm
elements and implements of combat. The use of axrmored vehicles to move troops
and mounted weapons with great speed over comparatively long distances
implies extended periods on alert status snd greater periods of sctual
"combat" time than the shorter battle commitments heretofore associated with
mounted warfare. Movement across radiologically "hot" areas as well as the
threat of unexpected nuclear or nonnuclear missile attack will require that
vehicles "button-up" even when not directly camitted to combat and that crevs
remain sealed within their vehicles for extended periods of time. These major
requirements can be expected to affect significantly the elements of performance
as outlined earlier: equipment must be redesigned to furnish the firepower,
mobility, and protection required, as well as to be relieble and easily
maintained; crwsmstbenlected,perhaplmchumm'm,to
function efficiently under these nev battlefield conditions; crews must be
trained and disciplined under the new tactics; and cammmication, now effected
almost entirely by radio because of dispersion and isolstion within the
vehichn,mtumprmtmmme. In terms of the human factors
requirements introduced, extended periods of mounted warfare on the mid-range
battlefield can be expected to increase significantly the effects of poise,
vibration, tempersture, and sensory deprivation. Reaction to isolation,
disorientstion, end danger will intensify, and heightened alertness will be
required for extended periods of time. Dependence on radio cammnication
will increase.

EQUIPMENT DESIGN FACTORS

Human factors considerations up to this point bave dealt only with
environmental conditions affecting the intersaction of the crev member with
his equipment. Equally relevant are the human factors considerations
associated with the introduction of new equipment into the vehicle system or
the drastic alteration of the system itself. Alterstions in weapons and
fire-control systems, in propulsion systems, in commnications systems, in
vision and guidance systems, all will make nev demands upon the crev members.
With the increasing emphasis on guided and homing missiles, such a8 the
Shillelagh, the system will likely beccome more complex, and its demands upon
the gunner mey require aptitudes quantitatively or qualitatively different

mh,mrmiusmatunmm“wmmrmdom
systems. Requirﬂentoonotherwmbeﬂmmonhutow.
Maintenance problems may increase, functions in the firing cycle may de
redistributed, and the loeader position may even be eliminated with the
introduction of automatic weapons devices. With increasing emphasis on
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ability to operate under cover of darkness or smoke vhile troops and
vehicles are being massed, increased dependence vill be placed upon
‘covert artificial illumination such &s infra-red and automatic position
‘locating devices. Use of such devices will likely make demands
upon the driver, vehicle commander, and vespons cperstor(s) in terms of
sptitudes and abilities.

Finally to de considered is the interaction of crev members as a
variable bearing upon the performance of an individual within the system.
Sequences of cperations in & system generally require coordination among
the several crev members and between crev and vehicle commander. In some
instances, several crev members must work together on one sudbsystem, for
example, the fire control subsystem in boresighting. Sometimes the various
subsystems on vhich the individuals work are functionally and/or sequentially
linked, as in fire control and propulsion sudbsystem when vehicles are pre-
paring to move out. Therefore, the influence of interpersonal factors on
individual and crewv performance mey be a subject for investigation. Such
variables as mumber of crew members, relative ability of specific members
vithin the group and the like, will very likely influence the productivity
of the group and of individuals within the group. Other hypotheses may
derive from prior research on small work groups.

To the extent that the effects of interpersonal factors reflect
individual differences, the solution may lie in the development of proper
selection instruments and procedures. To the extent that personnel can
adapt to the conditions encountered, the solution may lie in the development
of sppropriate training methods. To the extent that these factors can be
sliminated, the solution may lie in engineering redesign of the system or
system components. To the extent that the factors can be allowed for
and their effects minimized, the soclution may lie in the development of new
tactics and organizational structure. None of these proposals is
of the others, however, and none alone will provide an adequate solution to
the human factors problems.

Obviously, many of the problem areas uncovered in this investigstion
have relevance to the basic mission of, and fall within the capabilities
of, the U. 8. Army Personnel Research Office. Several problem areas which
eppear critical and researchable have been further developed into specific
research plans.

These areas offer many difficulties for the researcher: Future vehicles
and equipment are not immediastely available for research. Current projections
for mid-range and long-reange equipment are unstable enough to preclude
certainty of payoff for studies vhich can be accomplished. While mock-up and
similation of this equipment may be satisfactory for human engineering
studies, such devices 40 not generally afford the researcher cpportunity to
study combat performance either in the field or in a laborstory-simulated
combet situation. This is important, for it is the intereaction of the various
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bumen factors elements--external and internal enviromments, crev and equip-
ment characteristics, methods and procedures, that will be significant in
the cperating situatiov.

ONOOING HUMAN FACTORS RESEARCH IN ARMOR

In October 1958, USCONARC genersted a requirement for a coordinated
effort on buman factors research in the area of effective performance in fight-
ing vehicles. In response to this requirement, a Vorking Group of the Army
Buman Fectors Engineering Committee (AHFEC) was formed to generste recom-
mendstions for coordinated research on the problems raised by USCONARC with
respect to human factors in the design and tactical operation of armored
personnel carriers and tanks. Working with this group were representatives
of the U. S, Army Personnel Research Office (USAPRO), then the Humen
Factors Research Branch, TAGO; the Buman Resources Research Office (BumRRO);
The Surgeon General (TSG); end the Ordnance Tenk-Automotive Command (omAc).
From this coordinated effort came recommendations for specific areas of
research promising military payoff. Inasmuch as USCONARC's proposal cut across
the fields of interest of a number of ies, the Working Group on Buman
Cepabilities in Fighting Vehicles (HCFV) was established with representation
from OCRD, BumRRO, TSG, HEL, and TAG to coavey findings and make recommenda-
tions to HFEC for endorsement to the Chief R and D.

As a direct result of these early recommendations, & research progran
wvas initiated for the purpose of determining: (1) the psychological and
physiological limitations and capabilities of individuals and crevs opereting
in tanks and armored personnel carriers; (2) the conseguences of the
above limitations and capebilities for design of combet vehicles; (3) methods
of measuring the aptitudes and tolerances of individuals for purposes of
selecting and assigning personnel adapted to the stated conditions; and
(k) the training necessary to increase the ability of individuals and crevs
to operate in tanks and armored personnel carriers for sustained periods of
time under battlefield conditions. Within this framework of objectives,
research on various humen factors problems is presently under way at the
several agencies.

BumRRO is engaged in research on armor training requirements at the
. S Army Armor Buman Research Unit at Fort Knox, Kentucky. The research
includes studies on human factors related to operstions under conditions
of limited visability, tank gunner performance, cperational span of comtrol,
tank platoon training, vehicle maintenance, and tank crevw training. In
addition, studies are being conducted at RumRRO's field laboratory at the
Presidio of Monterey and at George Washington University on buman factors
under conditions of stress, controlled isolation, and extreme cold.




ARMOR RESEARCH OF THE HUMAN ENGINEERING LABORATORY (OCRD)

At Aberdeen Proving Ground, Maryland, HEL is currently conducting
studies on confinement in armored personnel carriers and on the effects on
performance of such factors as noise and vibration within currently
operational vehicles. Effects of these factors are evaluated against criteria
designed to measure ability to perform combat tasks. Also under way at this
facility are human engineering studies of several operational and developmental
vehicles, studies on problems related to operations under exotic conditions
such as arctic and desert enviromments, and studies on proposed equipment
design concepts.,

RESEARCH BY THE SURGEON GENERAL

TSG, through its U. S. Army Medical Research Laboretory at Fort Knox,
is conducting psychophysical research on the physical, psychological, énd
peychophysical limitations of personnel in fighting vehicles. Research is
concerned with performance effects of vibration, acceleration and decelerstiom,
confinement and isolation, and the interaction of these effects with
temperature, low visability, and the like.

ARMOR RESEARCH IN THE ARMY TECHNICAL SERVICES

Each of the technical services, in line with its responsibility
for insuring that its equipment is properly engineered, aims at eliminating
the danger of making an operator the bottleneck in a system, and at msking
certain that within the system the man and machine perform the operations
for which each is best suited. Several technical service agencies are
engaged in research directly or indirectly related to fighting vehicles
performance. Quartermaster Research and Engineering Center Laboratories
at Natick, Massachusetts are conducting research on effects on the soldier
and on his performance of varying conditions of natural and military
environmental stresses. The Ordnance Tank-Automotive Command at the
Detroit Arsenal is developing and testing new armor vehicles, including the
Armored Reconnaissance Airborne Assault Vehicle (AR/AAV). The Signal

Equipment Support Agency at Fort Meade, Maryland is working on human
factors related to commmications systems the combat armor situation.

In addition to the Army agencies cited above, a mmber of contract and
other Army agencies have for some years been engaged in human factors re-
search wvhich has yielded information having implications for the armor area.
The Quartermaster Corps, for example, has carried on continuing iavestigation
of the effects on performance of protective clothing and personnel shielding
equipment. In addition, operations research groups, including the former
Operations Research Office of the Johns Hopkins University and Ohio State
University, have dealt with such problems as the development of nev armament
l'yo:m, considering the human operator as an independent variable in the
system,




ROLE OF USAPRO IN ARMOR RESEARCH

As & consequence of the field survey, a program of research, consistent
with the needs of the Army and the capsbilities and mission of the branch,
vas developed for the Mighting Vehicles Task. The program gave due considers-
tion to current research in other Army and contract agencies. The USAPRO
epproach, vhenever possible, was systems oriented. Such an approach
recognizes the interdependency of factors wvithin the system as well as the
variety of relevant disciplines.

A military system, with reference herein specifically to fighting
vehicle systems, includes the equipment, personnel skills and aptitudes, and
techniques vhereby such a composite is capable of accomplishing specified
functions in fulfilling an Army mission within the intended operaticnal
environment and associated conditions for that mission. The comprehensive
study of the operator's role and capabilities involves many technical areas
of specialization, including those of psychology, physiology, biophysics,
medicine, and engineering. Specifically within the field of psychology, rele-
vant areas include human enginecring, performance requirements, proficiency
evaluation, selection standards, and training and operstions analysis. As nev
materiel is developed and new tactical and organizational doctrines emerge,
the role of the human operator in the armor system will be subject to
considerable change. Continuing investigations with respect to future
manpover requirements are therefor imperative as a means of effecting optimal
utilization and apportionment of luman resources.

Within the objectives of improving performance in current systems
and estimating future qualitative manpower requirements to ensure a high
level of performance in future systems, USAPRO's Fighting Vehicles Tesk
marked out two broad problem areas requiring psychological investigation:

1. HOW CAN THE QUALITY OF PERSONNEL ASSIGNED TO ARMOR BE IMPROVED?

2. HOW CAN WORK METHODS AND PROCEDURES BE IMPROVED TO EFFECT BETTER
UTILIZATION OF PERSONNEL?

SPECIFIC RESEARCH AREAS

The suggested human factors studies presented below focus primarily
on the manipulation of human resources to optimize the performance of
acmored vehicle crewmen as an approach to maximizing the output of the
vehicle system, (The Fiscal Year 1962 Fighting Vchicles Task wark -
program statement of the US Army Personnel Research Office appears as

Appendix B.)

DEVELOPMENT OF SELECTION TECHNIQUES FOR ARMOR CREWMEN

Current procedures for selecting armor crewmen are based primarily on
combat Aptitude Area AE (Artillery, Armor, Engineer), a camposite of tests
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of the Army Classification Battery, which has proved valid for the armor area
as a whole. However, no specific measures are used in assigmment to vehicle
or crew position. Many systems proposed for the future will require
personnel who can perform dependably at isolated work locations with a
minimm of supervision. Such field conditions would subject the men to
adverse environmental conditions, lengthy periods of confinement, and
prolonged periods of activity. Selection instruments should therefore
include personality traits and motivational characteristics.

An experimental battery of relection tests will be developed and
evaluated to serve, perhaps in varying combinations, three objectives:

1. To improve the validity of initial selectors
2. To develop differential predictors of crew-position success, and

3. To furnish the armor unit commander with informetion to and
in administrative decisions

Selection Measures for Armor Training. Hypotheses were developed
regarding the basic skills, abilities, apgitudes » and personality character-
istics related to successful performance in armor. Those hypothesized
factors which appear more promising will be assessed in terms of their
predictive efficiency for the selection of EM who perform well both in
training and later on the job. Criteria of training sucess will be based on
operational proficiency tests and task-designed rating scales administered
at the end of Advanced Individual Training-Armor. However, since the
operational situation often imposes many requirements that differ from those
in the school training situation, performance measures will be used for the
on-the-job performance evaluations. Proportionally greater emphasis will
be placed upon the performance measures in evaluating the predictive measures.

Procedures for Assignment to Crew Position. Under current procedures,
MOS 131 is awarded to all EM upon successful completion of Advanced Indi-
vidual Training-Armor. Assignment of the new recruit to vehicle and crew
position is made by the local unit commander after the EM has reported to his
duty station. The unit commander must in many cases make this assignment
with very little consideration save the expediency of filling vacancies with
any available personnel. Moreover, where the unit commander is permitted
the luxury of a considered decision, he seldom has sufficient information
to guide him in his decision. Tests or test composites developed to provide
differential prediction information would assist the commander in making
these and other administrative decisions.

Generalization of Findi to all Armor Systems. Initial investigations
will be concerned with curren opera’ materiel and doctrine. Studies
will also be designed to determine the extent to which new weightings must
be applied to components of predictor composites to meet changing man-
power requirements resulting from developments in future time frames. Such
a modification of procedures might be occasioned by the introduction of a
nev firing and aiming subsystem.
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End Product. Selection measures wvhich can de used, singly or in
combination, to 1) select enlisted personnel for initial assignment
to armor training, and 2) assist the unit commander in making the most
advantageous assignment of individuals to vehicle and crew position.

DEVELOPMENT OF CRITERIA OF EFFECTIVE PERFORMANCE IN FIGHTING VEHICLES

Subsequent reeearch studies have been planned to investigate performance
of crews and crew members under a wide variety of conditions and situations.
The research design required instruments affording quantitative and
qualitative evaluation of performance. Some of the measures developed would
serve as criteria against which experimental predictors would be validated.
Furthermore, as tactical planning requires information as to the avail-
ability and state of preparedness of troop and equipment resources, a need
exists for a realistic scorable performance measure which will differentially
asgess combat behavior. Three types of criteria will be explored: realistic
tactical situational tests; psychometric instruments; and simulated-equipment
performance measures.

Situational Performance Studies. The objective is to design field
studies to afford objective measures of performance, including broed
tactical problems at varying levels of difficulty. These problems will test
the performance of crews and crew members for various armored vehicle systems
and subsystems under such tactical situations as attack, defense, and
withdrawal. Efforts will be made wherever possible to modify and adapt
currently operational tests such as the crew proficiency tests and combat
readiness tests currently in use. A further objective is to develop tests
which reflect demands imposed by anticipated future materiel or doctrinal
developments.

Psychometric Techniques. Two categories of psychometric measures are
plmmﬁ intermediate criteria: paper-and-pencil
achievement tests and performance ratings, by peers and superiors. Where
appropriate, previously developed measures will be employed. Specific instru-
ments to be employed include peper-and-pencil proficiency tests, rating scales,
checklists, and sociometric indices. Where instruments are not availabdble,
appropriate devices will be developed in this task.

Simulator Techniques. Wherever possible, simulation techniques will
be employed in the Esgm of performance criteria. Such an approach offers

8 means of conducting performance evaluation studies that will not entail

the high cost, expenditure of time, complex coordination with other Army
agencies and commands, or noncontrolled experimental conditions attendant

to field research. Currently operational simulators under consideration include
the tank turret simulator, the tank gunnery trainer, tracked vehicle driver
trainer, and the miniature armor battlefield. Use of simulation techniques
might also provide research data on future systems otherwise unavailable for
research.

.




Consideration of Future Systems. As new vehicle systems and subsystems
are developed and as combat doctrines change, it is likely that new
criterion measures must be developed or old ones adapted to reflect these
changes. Although projections using cobtained human factors data as a
baseline may be used, the development of up-to-date criteria will afford
a meaningfulness and confidence in results unattainable by more inferential
techniques. A continuing effort will be exerted to keep abreast of current
and proposed changes in order that criteria may more closely represent the
appropriate time frame.

End Product. A set of instruments to evaluate objectively the performance
of armored vehicle crews and crewmen.

CREW COMPOSITION AND INTERPERSONAL RELATIONS

Under projected operation plans, tactical maneuvers for armor will
require coordinated interactions emong crew members for increased periods
¢f time. Reports from tank commanders in the field and the findings of
research studies on team performance in both formal and informal groups
suggest that the effectiveness of the crew may to a significant degree
be related to the individual personalities of the crew members and to the
interpersonal relations within the crew. The unique contribution of the
vehicle commander in "whipping his crew into shape" and in developing and
maintaining morale and a spirit and condition of preparedness and cooperation
has been indicated by crewmen, tank commanders, and platoon leaders as
extremely critical to the effectiveness of the vehicle.

Previous studies on small groups have dealt primarily with 1) the
identification of combinations of personalities and the patterns of inter-
personal relationships which lead to the emergence of leaders or to the
effective functioning of groups as teams; or 2) the identification of
personality variables which predict or enhance leadership and the generality
of the leadership position from one group to other groups of the same
character. Research in this area will be conducted to check out hypotheses
derived from previous research as well as to investigate the effects of
various other social-psychological factors which might relate to effective
crew performance.

Crew C$sition and Interpersonal Factors. This subarea will be
concerned with the determination of the social-psychological factors which
contribute to,or determine, the nature of interaction or modification of
behavior in the tank crew. Initial investigations will deal primarily with
the loader-Gunner-Driver triad. 1In assessing the effect of individual
personality factors and crew composition factors on tank crew performence, :
variables to be investigated include length of service or experience of {
crewmen, informal and formel social structure of the crew, time together

i as a crew, etc. A corollary research problem is the effect of disruption
|
*

of established crews. Various sociometric devices, rating scales, interview

techniques, and BIB and personality measurement techniques will be developed.

Relevant psychological factors will be related to measures of crew effective-

. ‘ ness developed previously.
|
]
|
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Role and Contribution of the Tank Commander. The intent of this
reseaxrch is to inve ) vehicle c 8 contribution to
crevw effectiveness and to determine those factors critical to the
effectiveness of the tank commander. Personal characteristics of the tank
commander as reflected in such interpersonal phenocmena as social distance
from crewmen, authoritarian vs laissez-faire or democratic leadership,
end perceived or actual similarity to crewmembers will be related to
ratings of crew and tank coammander effectiveness.

Relation of Inte sonal Factors to Other Variables. Relationships
existing among the interpersonal factors identified and selection variables ’
training considerations, and crew work methods and procedures will be
investigated. To the extent that social-psychological factors related to
effective performance can be isolated and related to manipulable variables
these factors can be capitalized upon to improve the performance of
vehicle crews. Thus it may be possible to select and organize armored
vehicle crewmen partially on the basis of interpersonal factors associated
with more effective crew performance.

End Product. A predictor instrument, based upon social-psychological
factors related to effective crew performance » vhich may be locally administer-
ed as an aid to the platoon, company, or troop commander in making initial
assignment of EM to vehicle crews, and in selecting a vehicle commander for
a specific crew.

ANALYSIS OF VOICE RADIO-COMMUNICATION FROCEDURES FOR ARMOR PLATOONS

it e i i e e

The commnications link among the highly mobile elements of the armor
platoon is absolutely essential to the success of mounted warfare. The
voice radio set is an effective method of communication between platoon,
air and ground support elements, and higher echelons. Preliminary inves- |
tigations indicate that severzl rescarchable aspects of armor communications
promise payoff in terms of more effective coordination through improved
commnications. The objective of this aspect of the research is to examine
systematically the conduct of voice radio commmications within armor platoons
and to determine how optimal utilization of the communications facilities
may be attained. Studies will be undertaken on the communications network
of the armored tank platoon and the armored cavalry reconnaissance platoon.

Content Analysis of Voicc Radio Transmissions. The first step in
the research on armor communications will be the monitoring and transcription
of typical communications within the armored cavalry reconnaissance platoon
and medium tank platoon during simulated combat maneuvers. Such a procedure
will permit thorough familiarization of task persomnel with communication
procedure and analysis of messages transmitted during "combat" maneuvers
with respect to type, source, destination, completeness, intelligibility, and 4
other pertinent characteristics. Concurrent observation will be made of
field actions. This accumilation of data will afford the opportunity to meke
several subsequent analyses.

-3B .

CRy




sis of Voice Radio Communications Discipline. Adequacy of
commnication, as defined by communication experts and by quantitative
measures to be developed will be related to observable characteristics of
the commmications flow. The hypothesis is that, for a given period of time,
optimal utilization of the network is related to the amount of relevant
information transmitted and to the amount of time spent on the net. Factors
in the evaluation of information transmittal include completeness, appro-
priateness, relevance, and timeliness. Factors related to time on the net
include brevity, requirement for response or repeat, relevance, and such
factors as interruptions or simultaneous transmission that would garble
the message or cause it to be lost. The intersction of information and time
factors suggest further the investigation of control or discipline factors.
Implied by the central hypothesis is & maximally “clear” or message-free net
available for use by an appropriate number or combination of information
passers, monitors, receivers, and handlers. Utilization of this network
can thus be evaluated against adequacy of communication.

Role of Voice-Radio Communications in Tactical Decision Making. The
armored cavalry platoon characteristically operates within an "open net" commu-
nications system. Any message sent from one element of the platoon to another
is monitored by every other element in the platoon, affording the plaioon
leader access to all information transmitted over the net. Presumably, the
more of this information the platoon leader is able to use in making a
tactical decision, the more appropriate will be his decision. Usefulness of
the informetion in decision making depends upon whether the information is
complete, valid, timely, and appropriate. Laboratory experimentation will be
conducted to analyse types, sources and contents of messages useful for deci-
sion-making; reasons for not using certain information for decision-making;
end methods to improve or augment relevant and appropriate flow of informetion
to the decision-maker.

End Product. Recommendations aimed at the optimization of armor volce
radio communications through controlled procedures governing the use of the
open platoon network. The objective is to devise procedures which will
permit reduction of overloading on the net, transmission of more timely and
relevant information to appropriate receivers, and more efficient utilization
of the platoon net.

RESEARCH IN RELATION TO FUTURE DEVELOPMENTS IN ARMORED VEHICLES

So great is the research and development pace that it is often difficult
to imagine today the concepts and materiel with which we will wage war
tcmorrow. Much of the research planning outlined in the preceding sections
has dealt with problems in the context of current organization and hardware.
Continuing efforts will be exerted, however, to research armor problems
arising in connection with new developments in doctrine and equipment.

Effects of New Developments on Current Work Methods and Procedures. With
each new piece of equipment introduced, the humen factors psychologist will
seek to determine how the new duties and responsibilities occasioned by the
change will affect established functions and duties within the system. For
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instance, the introduction of the Shillelagh into the Main Battle Tank will
probably necessitate a reexamination not only of the duties of the gunner
but those of the other crewmen as well. Wherever possible, research will
be conducted during the preliminary planning or research stages rather than
after a particular doctrine has been established or production model
developed.

Effects of Nev Developments on Estimated Qualitative -
ments, The trend Ltoward increasingly complex and more nighly integrated equip-
ment, toward heightened alertness and readiness for immediate action, and
toward greater dispersal and range of vehicles, implies that the personnel
requirements for future systems may differ materially from the requirements of
present systems. Some crew positions, for instance, mey demand more highly
trained skilled personnel, while others mey require personnel with a minimm
of specialized training. The purpose of research in this area is to estimate,
in the light of new developments, the characteristics of personnel who will
be required to man future armor systems.

End Product. This area will furnish estimates of the qualitative man-
pover requirements for armor systems in future time frames. It will enable
researchers to contribute to the development of new systems and doctrine by
furnishing combat developments agencies with up-to-date data on human
cepabilities and limitations in fighting vehicles systems.

SUMMARY OF RESEARCH PROPOSED

The proposed five research areas focus on the basic mission of the task--
to improve or maintain the performance of armored vehicle crews and crew
members in the context of a rapidly expanding technology of warfare. Within
the broad aims of improving the quality of persomnel input into the armor
area and of optimizing work methods and procedures, improved selection
instruments for enlisted men will be developed and selected problem areas
of utilization will be studied. The five areas are amenable to research
within the mission of the Army Personnel Research Office and can be expected
to yield a good return to the military by providing unit or vehicle commanders
with means of selecting personnel and techniques that will improve vehicle
performance. The research problems and their expected contributions are
briefly recapitulated below.

DEVELOPMENT OF SELECTION PROCEDURES FOR ARMOR PERSONNEL

A test battery to identify, prior to training assignment, those enlisted
personnel who will perform well in armor training and on the job.

A test or test composite differentially predicting success in various
vehicle and crew-position assignments, thereby affording the armor unit
commander an aid in the assignment and advancement of armored vehicle persounel.

Improved armored vehicle system performance as a result of improved
quality of personnel assigned to the armor area and to specific positions in
armored vehicle crews.
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DEVELOPMENT OF CRITERIA OF EFFECTIVE PERFORMANCE IN FIGHTING VEHICLES

Quantitative and qualitative pemformance measures besed on simulation
techniques and standardized tactical f£ileld exercises.

These measures will serve, singly or in combination to evaluate system and
subsystem performence, crew and crewman performence, and as criteria against
vhich to validate experimental selection instruments.

CREW COMPOSITION AND INTERPERSONAL RELATIONS

Selection and assignment procedures for use locally by armor unit
commanders.

Group approaches designed to maximize crew effectiveness under the
leadership of the vehicle commander.
ANALYSIS OF VOICE RADIO COMMUNICATION PROCEDURES

More controlled (disciplined) procedures governing the use of the
platoon voice radio communications network.

Improved coordination capabilities for ermor units through more efficient
utilization of redio communicetions facilities.

RESEARCE IN RETLATION TO FUTURE DEVELOPMENTS IN ARMORED VEHICLES
Estimates of future qualitative menpower requirements.

Distribution of crew functions to maximize effectiveness of vehicle
operation.

Buman factors data to aid in the development of new doctrine and
materiel.

PLANNING CONSIDERATIONS

The scope of the research program presented in this report is
extensive, covering many facets of selection, classification, assigmment,
and utilization of armored vehicle personnel. It is anticipated that,
in addition to shedding light on current problems, results of this research
will be applicable in future time frames. Such a research program requires
many man-years of professional service. The program must therefore be
carefully considered to determine which areas to attack first. While such
determination is ultimately made by the user agency in the 1light of opera-
tional requirements, research considerations such as the following enter
into the picture.
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For example, the development of selection procedures and the concurrent
development of performance criteria would logically come first, since
these efforts will entail comprehensive examination of procedural, physicel,
and psychological factors related to fighting vehicles operation and will
afford the researchers a thorough familiarization with armor as well.
A research area that might be given low priority is the study of crew
composition and interpersonal relatioms. A stumbling block in research in
this area is the necessity of arranging for the essembly of experimental
crews and the large number of personnel involved.

Consistent with operational requirements, therefore, it is recommended
that top priority be assigned to the selection and criterion studies and
lowest to the crev composition and interpersonal relations study. Concurrent
effort should be expended in the commmnications area, while a continuing
effort is under way on the relation of research findings to future requirements.

4
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Wright-Patterson AFB, Ohio. October 1956.

Washburne, Norman F. A survey of human factors in military performance in
extreme cold weather. HumRRO Research Memorandum. June 1960.

Weybrew, Benjamin B. Bibliography of sensory deprivation, isolation and
confinement. US Navy Medical Research Laboratory Report No. 59-1. MNay 19%9.

Weybrew, Benjamin B. An exploratory study designed to suggest clusters of
traits and assessment tests related to submariner adjustment. US Navy Medical
Research Laboratory. Report No. 279. January 1957.

Wurster, Cecil R. and Bass, Bernard M. A test of the proposition: We want to

be esteemed most by those we esteem most highly. Group Psychology Branch,
ONR Technical Report 28. November 1960.

Special Studies and Reports

Army, Industry, and the Soldier. Report of the Sixth Annual Army Humen Factors
Engineering C&.’erence, 3°5 October 1960. Army Research Office, Office of
the Chief of Research and Development, 14 December 1960.

Army Re%rmts Development Plan for the Period 1&2-12[2. guz. ODCSOPS,
U. S. « TOP SECRET

Combet Communications and Surveillance. Report of the Seventh Annual Army
Fumen Factors Engineering Conference, 3-6 October 1961. Army Research Office,
Office of the Chief of Research and Development, 1 November 1961.
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Combat Deve%t Obe«:tivel Guide, scmoz (U). Headquarters, Department

of Army, 1955 wi s to r 1961. SECRET

Combat De 8 3 tional end organizational concept for
Fort

armor ) - -2). (U) U. S. Army Armor School.
Knox, Kentucky. 1 September 1959. SECRET

Communications for Armor. U. S. Army Armor School. Fort Knox, Kentucky,
1960.

Driver Job Description émb&u Tenk). U. S. Army Armor Human Research Unit.
Fort Knox, Kentucky, TUAYY .

Guide for Armor Leaders. U. S. Army Armor School. Fort Knox, Kentucky.

Hist and Role of Armor. U. S. Army Armor School. Fort Knox, Keatucky,
December lﬁ.

Individual c¥bint1en and Limitations of Personnel rat in Tanks and
Aymo ehicles: A survey evan' Army D es
procedures. U. S. Army Human Factors Engineering Committee, May 1959.

The Job Description of MiBAl Loaders. U. S. Army Armor Human Research Unit.
Fort Knox, Kentucky, December 1950.

The Job Des ijon of the MiGA1 Tank Gunner. U. S. Army Armor Bumen

Research Unit. Knox, Kentucky, September 1956.
Man and To ReportofthentthAnmnlU.s.ArwmmnMorl

ring Conference, Redstone Arsenal, Alabama. Army Research Office,
Office of The Chief of Research and Development, September 1959.

tative materiel requirement for Armored Reconnaissance Airborne Asssult
cle. (U T8, » ovember » CONFIDENTIAL

Reference Dets for Armor Units. US Army Armor School. Fort Knox, Kentucky,
September 1960.

A Report on the Study of Vehicle Commanders in the BMU Experiment, Spring 1959.
Stanford Research Institute.

Tae Tenk Commander's Guide. The Military Service Publishing Co. Harrisburg,
Pennsyma. K]T:'—LI 19%8.

Tank Drivi%g by Television. Armor. Vol. LXX, No. 5, September - October
» PP - 43

Tri-Service Conference on Selection Research, Pensacola, Florids, Mey 23, 26,
27, 1960. ONR Symposium Report ACR-60. May 1960.
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Helme, W. H. and Boldt, R. F. Prediction of success in infantry NCO and
armor crew courses. Research Memorandum 58-13. August 1958.

Trump, J. B., Sternberg, J. J., and Boldt, R. F. Data collection for
predicting performance of enlisted men in Army school courses and in Army
Jobs (as of 31 December 1958). Research Memorandum 59-4. June 1959.

Uhlaner, J. E. Systems research--opportunity and challange for the measure-
ment reseerch psychologist. Technical Research Note 108. July 1960.

Willemin, L. P. and Karcher, E. K., Jr. Development of combat aptitude
areas. Technical Research Report 1110. January 1958.

Willemin, L. P., Mellinger, J. J., and Karcher, E. K., Jr. Identifying
fighters for combat. Technical Research Report 1112. August 1958.

Army Administrative Publications

ATP 17-27--Army treining program for tank companies. May 1960.

ATP 17-107--Army training program for armored cavalry trocp, armored cavalry
squadron. October 1961.

CONARC Directive 525-3--Combat operations ROAD training literature: Offensive
defense.

DA Pamphlet 30-50-1--Handbook on the Soviet Army. July 1958.
DA Pamphlet 611-8--MOS feeder patterns. September 1961.

Fd 17-1--Armor operations, small units. August 1957.

?M 17-12--Tank gunnery. May 1957.

1;:;5;7-33--1\:-0“4 infantry units: Platoon, company, and battalion. August

"™ 17-33--Tank units: Platoon, company, and battalion. August 1957.
™ 17-35--Armored cavalry platoon, troop, and squadron. February 1960.
™ 17-70--Commnications for armor units. September 1960.
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battalion. September 1961.

M 17-100--The armored division and combet command. May 19%8.

TC 17-4--The tank gunner's guide. Department of the Army Training
Circular. June 1959.

TC 17-5--The tank driver's guide (tank, 90mm gun, MiBAL ). Department of the
Army Training Circular. June 19%59.

7C 17-6--The tank loader's guide (tank, 90mm gun, N4BAl ). Department of the
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1960.

TM 21-306--Manual for the full-track vehicle driver. 1956.
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APPENDIX A

ORGANIZATIONS VISITED ON SURVEY

CIVILIAN AND MILITARY AGENCIES

Ballistic Weapons Laboratory, Aberdeen Proving Ground, Maryland

Combet Developments Group, Fort Knox, Kentucky

Defense and Industrial Division, Otis Elevator Company, New York City

Detroit Arsenal, Detroit, Michigan

Beadquarters, U. S. Army Security Agency, Arlington Hall Station, Virginis

Headquarters, U. S. Continental Army Commend, Fort Monroe, Virginis

Humen Engineering Laboratories, Aberdeen Proving Ground, Maryland

eractora Research Department, Lockbeed Aircraft Corporstion, Marietta,

a

Ordnence Tank-Automotive Command, Detroit, Michigan

Testing and Equipment Laboratory, Intelligence Board, Fort Holabird,
Maryland

U. S. Armor Board, Fort Knox, Kentucky

U. S. Army Armor Buman Research Unit, Fort Knox, Kentucky

U. S. Army Armor School, Fort Knax, Kentucky

U. S. Army Desert and Armor Training Center, Fort Irwvin, California

U. S. Army Signal R and D Laboratory, Fort Monmouth, New Jersey

U. S. Army Training Center, Camp Pickett, Virginia

U. S. Army Training Center--Armor, Fort Knox, Kentucky

ARMY UNITS

First Armored Division, Fort Hood, Texas

Second Armored Division, Fort Hood, Texas

1st Medium Tank Bn, lst Cav, Fort Hood, Texas

sth Medium Tank Bn, LOth Armor, Fort Irvin, California
3rd Armored Cavalry Regiment, Fort Meade, Maryland
th Armored Cavalry Regiment, Fort Kaox, Kentucky
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APPENDIX B

FIGHTING VEHICLES TASK-~-STATEMENT
FY 62 WORK PROGRAM
The Adjutant General's Office

Identification and Measurement
to Operation ghting Vehs

Principal Investigators:

Task Title:

Pactors Relsted

'ERICLES

Of 7-'“;_:"'.

S. H. King
Je J« Sternberg

Sponsor: U. S. Continental Army Command
Scope:

a. Need for and objective of research: A requirement to identify those
psychological factors critical in the successful operation of fight-
ing vehicles is dictated by the tactical and organizational concepts
of future varfare which make new demands upon the bumen element in
man-machine systems.

b, Method of attack: Major emphasis is being directed toward those
humen factors considerations which will be relevant to mid-range
and long-range Army planning. The principal effort during FY 1961 vas
directed toward the identification of critical and researchable
problen areas. This objective necessitated, as a first step,
thorough familiariszation with current fighting vehicles, such as
tanks and armored personnel carriers, and their tactical military
use. In addition, future combat materiel requirements were studied
to give appropriate direction to the research. Finally, currently
employed measures for evaluating the performance of individuals,
crews, and units were studied and evaluated for inclusion in the
research design as criteria of system performance.

As a result of the FY 1961 effort, several areas, including
those of commnications, target acquisition, and the role of the
nev main tank armament, were tentatively identified as problem
areas for research vwhich might contribute to more effective per-
formance. It is anticipated that in each area of research under-
taken, current methods, functions, and procedures will be evaluated
with respect to their applicability to future systems and, vhen
sppropriate, will be modified. Inasmuch as those performance
measures currently available are not judged, on the basis of the
FY 1961 investigations, to be suitable as research criteria, the
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FIGHTING VEHICLES

initial phase of research will of necessity involve the development
of workable criterion measures of individual, crew, and unit
performance. Concurrently, research effort will be devoted to a
thorough study of bhuman factors related to fighting vehicle operation
in order that subsequent identification may be made of those factors
related to successful human factors performance.

Research in any particular problem area will involve (1) develop-
ment of criterion instruments whereby the total effectiveness of an
individual, crew, or unit within a given system may be gauged and
(2) the identification of those psychological variables vhich may
relate to successful pexrformance on the criteria. The criteria
must be based on performance situations with emphasis on those
situations which will anticipate requirements of future vartm,
considering environmental conditions internal and extermal
to the vehicle. Further, the criteria must emphasize specific
behavioral aspects of the particular MOS involved that are critical
to the effectiveness of tank operations. These job sample types of
performance tasks will be related to each of the specific tactical or
envirommeatal circumstances unique to armored vehicle unit operation.
Most criterion analysis will have to emphasize the use of smell
samples because of the complexity of factors studied together with
logistical requirements. Further lessening of logistical and
materiel requirements will be accomplished through the use of simu- -
lation techniques wherever possible. :

Other research problems may later be initiated. It is antici-
pated, hovever, that maximm fruitfulness of the research may be
dependent upon proper selection of individuals to constitute the
tank crews and armored personnel carrier teams. These group
sociometric and psychological problems will be intensified by the
involvement of probeble stress and isolation. Another critical
area may involve much increased demand for leadership potential on
the part of particular positions within the '‘team' or unit structure.

¢. Potential military research end-result: (1) Selection instruments
and procedures specifically for personnel, (2) Reevaluation of the
differential classification system for enlisted input to the Army in
terms of ability to identify those individuals who will perform
effectively in tenks and armored personnel carriers, and (3) Human
factors knowledge concerning optimal composition and organization of
personnel within an armored tactical system.

4, Estimated Professional Man-years Required:

FY 1962 6 Beyond FY 1963 undetermined
FY 1963 6




Coordination: DCSPER
'USCONARC
BumRRO
ORD, HEL

Sumery Forecast:

a. Identification of Psychological Factors and Personal Characteristics
Associated with Effective Fighting Vehicle Personnel

FY 1962 FY 1963
1 2 3 4 1234
#p Cc C C cC 8§ S

b. Development of a Criterion of Effective Performance in Fighting
Vehicles

FY 1962 FY 1963
1234 I B3
*# C CC CCAA

c. Construction and Validation of Experimental Prediction Battery for
Fighting Vehicles

FY 1962 FY 1963
A 235 123 b
L2 I CCAA

d. Evaluation of the Relation Between Characteristics of Group
Composition or Interpersonal Relations and Successful Performance
in Fighting Vehicle Units

FY 1963
1 2 3 &4

*# PCC

e. Analysis of Radio Communication Procedures for Reconnaissance Platoons

(Armored Cavalry)

Y 1962 FY 1963

1234 123 h

PPCOC C A A
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