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FOREWORD

The Fort Hood Tield Unit of the Army Research Institute for
the Behavioral and Social Sciences (ARI) provides support to Head-
quarters, TCATA (TRADOC Combined Arms Test Activity; formerly
called MASSTER-~Modern Army Selected Systems Test Evaluation and
Review). This support is provided by assessiﬁg human performance
aspects in field evaluations of man/weapons systems.

This report presents the results of four separate efforts in
the area of armor operations. One of the efforts was designed to
determine the effects of external environmental cond?!tions on the
internal environment of a buttoned-up tank. Another eifort was a
study of problems in escape and evacuation from armored vehicles.
A third effort was an experimental investigation of target acqui-
sition in the closed-hatch mode, with emphasis on the use of an
aiming reterence to prevent spatial disorientation. The fourth
effort was concerned with the problems involved in the develop-
ment of Measures of Effectiveness (MOE) for tank crews.

ARI research in this area is conducted as an in-house effort,
and as joint efforts with organizations possessing uniquz capabil-
ities foi human factors research. The research described in this
report was done by personnel of the Human, Resources Research Orga-
. nization (HumRRO), under contract DAHC19-75-C-0025, monitored by
personnel from the ARI Fort Hood Field Unit. This research is
responsive to the special requirements of TCATA, the lst Cavalry
Division, 2nd Armored Division, and the objectives of RDTE Project
2Q763743A775, "Human Performance in Field Assessment," FY 77 Work
Program. '




A STUDY OF SELECTED FPROBLEMS IN ARMOR OPERATIONS

BRIEF

Requirenunt:

The work described in -his report is that referred to in paragraph
2.2.2 of the Statement of Work (revised) dated 3 Febiuary 1977, under
the title, "Effects on Tank Crew Performance of Special Hatches and
Other Factors.' The problems addressed were derived from the previous
year's study of buttoned-up armor operations and from Human Resources

"Need (HRN) statements submitted by armor units at Fort Hood, Texas. The

following objectives guided the work conducted:

* To determine the effects of external environmental conditions
on the internal environment of a buttoned-up tank.

¢ To determine the kind and extent of training currently provided
in. escape and/or evacuation of wounded or injured personnel
from armored vehicles; to obtain crewmen opinions concerning
the adequacy of current escape and evacuation systems; and to
determine what design changes crewmen feel should be made in

. escape and evacuation systems. .

* To determine what factors influence tank commanders' target
acquisitioa performance in the closed-hatch mode.

* To determine the problems involved in the development of
Measures of Effectiveness (MOE) for tank crews, and to deter-
mine what .esearch must be accomplished in order to develop a
reliable, valid, and comprehensive set of MOE.

Procedure:

Work towards meeting each of the objectives was conducted inde-
pendently, The procedures followed in each case are outlined below,

In order to determine how external conditions affect the internal
environment of a tank, a recording hygro-thermograph was placed in an
M48 tark. The tank was sealed, and data on internal temperature and
relative humidity were obtained over a several day period in late sum-
mer. These data were then compared with comparable data obtained outside
the tank.

Information on the kind and extent of training in escape and/or
evacuation of wounded or injured personnel were obtained by a gnestion-
naire. Thirty-three crewmen with some actual experience 1in escape
and/or evacuaticn served as gubjects. Opinior data were also obtained
concerning needed design changes and the adequacy of current escape and
evacuation systems.

Target acquisition performance of tank commanders operating in the
closed-hatch mode was investipated in two experlimental studies, Factors

cdidehiaansis e D A i AN e e, |




examined included slew rates, cupola position, and the use of an aiming
reference. Perf)irmance data under different conditions were obtained
for each tank commander involved, and these data were compared to per-
formance in the normal open-hatch mode.

A review of the relevant literature was conducted in an effort to
determine the problems involved and the methods typically employed in
the development of MOE for crews or larger personnel units. Extensive
contacts were also made with other research personnel working in related
areas. Based on the information obtained, a program of research was
outlined aimed at the development of MOE for tank crews.

[

Principal Findings:

* Temperature and relative humidity inside a buttoned-up tank
lag temperature and relative humidity outside the tank' by
approximately three hours. '

* Effective temperatures inside a buttoned-up tank in warm
weather reach levels that can be expected to degrade perfor-
mance, '

®*  Current training in escape and/or evacuation of injured or
wounded personnel is extremely limited.

* If a tank is hit, the gunner is the most vulnerable crew wemter.
Lifting straps built into a tanker's uniform would aid con-
giderably in the evacuation of wounded or injured personnel.

® Target acquisition performance is not affected significantly
by either slew rate, cupola position, or the use of an aiming
reference. - .

* Target acquisition performance is not degraded in the closed-
hatch mode. ‘

* Techniques for decivation of MOE for crews or larger personnel’
units are not well developed.

* The only current work of any magnitude being conducted in the
area of MOE for tank. crews is concerned with gunnery.

'
‘

Utilization of Findings:

The findings concerned with the relationship between external and
internal environmental conditions, and the opinion data on escape and
evacuation systems should be useful to tank designers in developing
future tanks or in planning modifications to present tanks. Similarly,
the recommendations on the need for lifting.straps in tankers' uniforms
should be of use to those charged with clothing design. ‘

Training authorities should find the information on target acqui- :
sition both useful and comforting. With minimal practice,. tank com-
manders can perform as well with closed hatches as with open. ‘ (

The chapter on MOE will be useful in future developments of MOE for
tank crews and platoons, in that the problems have been specified, and
potentially fruitful approaches have been supgested.
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CHAPTER [
OVERVIEW N

All researc’, described in this report was conducted under -a project
titled, "Effects on Tank Crew Performance of Special Haéches and Other
Factors." However, each of the four chapters deals with a totally
different problem. For example, Chapter II is concerned with the effects
of external environmental conditions on the internal environment of a
tank wich hatches closed. The need for this work was prompted by
inferences drawn from an extensive review of the literature concerned
with potential problems involved with extended armor operations in the
closed-hatch (buttoned-up) mode‘.‘J

Chapter T1I is concerned with escape and/or evacuatior of wounded
or injurecd personnel from armored vehicles, This effort was initiated
as a result of a concern expressed by personnel of the 2nd Armored
Division. They felt that hatch design might héve to be mo&ified, and/or,
that sp° «al training in these subjects might belréquired fn ensure :
confidence of tank crewmen in their safety.

Chapter 1V describes studies of target icquisition by tark con-
manders under various conditions. In this ~udy, "acquisition” refers to
thie act of laying the main gun reticle on the target-after the target
‘has been "Qeteqted." This eiiort was prompted by interviews with test
officefs‘who participated in a TRADOC Combined Arms Test Activity (TCATA)
test of closed-hatch operations, and from reports in the literature

commenting on terrain and target disorientation while‘operating with the

]

W. L. Warnick, A, L. Kubali, J. L. Maxey, and W. H. Ton. “*uii of the

’ e

Devurholog?oal (und deeociated Physicloalioal) Erfesia o oa Dok
Zomal tivg From bodeg Bt toned U, ART Research Problem Review 76-173,
Human Resources Research Organization, and A.wy Research Institute,

October 1976,
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hatches closed. The cormanders reported frequent spatial disorientation

while slewing the turret to the target locafion. The chapter describes
two small studies oriented toward a beiter definition and a remedy for
this problem.

Chapter V discusses problems associated with the development of
Mezsures of Effectiveness (MOE) for tank crews, and outlines needed
research in this area. This effort Qas conducted as part of a lafgef
ongoing effort on the &evelopment of methodologies for evaluatinglunit

'

effectiveness under operational conditions.

Because of the diversity of topics, each chapter is essentially a

complete report in itself. The reader interested in a particular
chapter neeé not read the preced:ng chapters in order to understand
the mate£181 presented. Also, for the benefit of readers not
interested in all of £he topics covercd, the appendixes and references
cited for gach chapter are présented‘éeparately at the end of each

chapter.

-2
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CHAPTER 1I

DETERMINATION OF THE EFFECTS OF EXTERNAL TEMFERATURE AND
HUMIDITY ON THE INTERNAL ENVIRCNMENT OF A TANK

Background

Heat and humidity are likely to cause degraded human performance if
"it is necessary to operate tanks with hatcles closed for extended periods
of time. However, there is very little published research on the effects

of heat and humidity on armored vehicle crews. This lack of information

[

is probably duc to the fact that current strategic thinking emphasizes
the possibility of fighting Warsaw Pact forces in the relatively cool
areas of central and northern Europe.

A recent review] of the literature dealing 'with thé‘effects or heat

and humidity on human performance showed that:’

* Tasks which do not require great physical effort are little
affected until Effective Temperature (ET)" exceeds 90°F.

-However, 1f tasks requiring some physical exertioa are per-
formed, effectiveness decreases above about ET 85°F, and

casualties may be expected with ETs of 85°F o~ higher.

Specifically, the upper limit for toleraance of hLeat in tanks
seems to' lie betwzen ET 88°F and ET 92.5°F.

A Wet Bulb Temperature (WBT) of 91°F or above results in
decreased alertness. '

The "comfortable' range for humidity is between 40 and 60
percent. :

]W. L. Warnick, A. L. Kubala, J. L. Maxey, and W. H. Ton. Ctudy of

Psyrhologieul (und Acsociated Physiological) Effects on a Tank Orci
Resulting From Reing Duttoned Up, ARL Research Problem Review 76-13,
Himan Resources Research Organization, and Army Research Inctitute
for the Behavioral and Social Sciences, October 1976.
2ET = Temperature Humidity Index = .4 (Dry Bulb Temperature + Wet Bulb
Temprrature) + 15. (See E. J. McCormick, Hwran Factors Enalnecpivo
(2nd ed.), New York: McGraw-Hill, 1964. ‘

IT-1




* Acclimatization to heat takes from 3 to 12 days, and is more
effective if the individual exerts.

Both the British and German armies explored rhe effects of high
' temperatures on the p;rformance of tark crews during WWII, and found
evidence of considerablg performance degradation.‘

A few studies have been done recently on some aspects of the prob-
lem. Suarez3 fﬁund that the surmer day;ime Wet Bulb Globe Temperature
(WBGT)4‘1nside an M60 tank var;ed from 100°F to 106.6°F. No crew was
present in the tank, so nothing was reported concerning che effectlof
theée temperatures on crew‘performance. However, it was noted that
these WBGT levels were much higher thaﬁ is considered acceptable for
human working conditions. The presence of a crew would have caused
these WBGT levels to have been even higher, because éf increased hu-
midity which would raise the ﬁBT levels.

Fenning, et gl.s‘recommended that tﬁermal’radigtion from zank walls
be studied. Tank walls will be heated by both radiant and ambient heat
from the exterior environﬁeﬁt.‘ The tank walls will then radiate heat to
the interior atmosphere and to any objects or persons in the tank.

Radiated heat may, therefore, contribute substantially to the discomfort

83. Suarez. Methodologyy Investigdtion of Armored Fighting Vekici
Compartment Temperatures, ME0Q Tank, USAPG Report No. 203, US . .Army
Yuma Proving Ground, Arizona, November 1974.

4WBGT = .1 Dry Bulb Temperature + .7 Wet Bulb Temperature + .2 Black
Globe Temperature. Black Globe Temperature is a measure of radiant
heat. '

5W. Fenning, P. Jackson, and R. Kelley. ' Reference Sources in the

Physiology of Extreme Environmental Temperatures, Engineering
Research Institute, University of Michigan, Ann Arbor, May 1954.

I1-2
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of the tank crew, and if ETs of 90°F or above are reached, degraded per-
formance and casualties from heat stress are likely. Conversely, in
cold climates the taﬁk walls will lose heat to the exterior environment
and when the tank wails are cold, the crew 1nside'of the tiﬁk may luse a
good deal of body heat by radiation to the cold tank walls. Cold is
likely to be less of a problem than heat, however, because clothing can
be worn to conserve body heat.

No studies were found which dealt with the effects on human berfor—
‘mance of wearing Nuclear, Biological, and Chemical (NBC) protective gear
in a closed environment, such as a tank with hatches closed. NBC protec-
tive gear would greatly‘increase the risk of heét stress for tank crews
operating with ;losed hatches in a hot climate; and probably also ir
temperate climes, |

Altogether, it is clear that there ig very little information
availablé concerning crew‘performance under closed-hatch, NBC condi-
tions. If continuous armor operations are to be fea%ible) much more

information 1s needed on this problem.

Military Problem

The concept ‘of continuous or sustained operations for armor has
been con;ideted seriously only recently. The develupment of night
vision devices of various kinds, and the recent emphasis on combat
system reliability have made the concépt of continuous armor operations

feasible, Continuous operations will make greater demands on the

soldiers who man armor forces.
In addition to the greater demands on human enuauvance posed by con-

tiruous operations, demands for stamina will also result from the likely

11-3




necessity'of operating in the closed-hatch mode for substantial periods

" of time in any future war. Two factors indicate this necessity. First,
the stated doctrine of‘potential enemies dictates the employment of NBC
weapons, if required. Threat forcés habitually train for combat under
these conditions. Second, threat forces are expected to employ massive
amoﬁnts of artillery. US armor forces are expected to fight outnumbeféd
under these conditions, and stilllprevail on tﬂe battlefield.

During closed-hatch operations, the iuternal environment of a tank
will have major effects‘on the crew's ability to function effectively.
épecifically, the temperaturé and hﬁmidity inside a buttoned-up tank
Hill be vital factors in determining whether the crew can carry out

their duties effectively. Therefore, it is important to investigate the

effects of external climatic factors on the internal environment of a

tank.

Research Problem and Design

This study was aimed at determining the relation;hips between
external temperature and humidity and the internal enviromment of a
tank. In order té obtain data for a baseliné condition, measurements
were made without the tank engine operating, and without a ~rew in the

‘tank.
Instrﬁments for measuring and continubusly recording Dry Bulb

Temperature (DBT) and Relative Humidity (RH) inside the tank were

obtained from the Auny Sclentific Laboratories Meteorological Team (ASL

Met Team) at .TCATA, Fort Hood, Texas.
Permission to vse an M48 target tank for measurement purposes was
obtained from HQ, TCATA. The tank was parked in the open in a motor
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pool at West Fo;t Hood. All broken vision blocks were sealed with
cardboard and heavy masking tape. The ASL Met Team then installed a
Hygro-thermoqraphlrecorder'inside the tank. Continuous temperaturg and
humi&ity measurenients were recorded on ; hygro-thermograph chart.

The temﬁerature and humidity inside the tank were centinuously
recorded from 1400 hours on 12 August 1976 through the morning of 19
Aﬁgust 1976. External tempersture and humidity readings were recorded
by the ASL Met Team hourly from 0700 until 2000 each day during this

poriod and reported on standard Weather Bureau forms.

Results and Ccnclusions

In Figure II-1 it can be seen that the rise in internal temperaiure
of the tank lags the external temperature for a substantial part of the
day, from shortly after 0900 until about 1530. After 1530 the internal
temperéture continues to rise,'while the exterior temperature begins to
drop, particularly 'after 1700. The amount of this lag remains nearly
constant between about 1000 and 1400 at a littie more than 1.5 hours.

It should also be noted that temperatures inside the tank rise in the
early evening to well above 90°F. Further, at no time did ivtoi..ai
temperatures fall to a level that would be comfortable for persons
engaged in heavy physical activity.

The time lag in internal temperature change, compared to external
temperature change, can be explained by the thermal inqrtia of the tank
hull. Because of fts bulk, the tank hnli is warmed more slowly than the
external air during the ecarly part of the day, and thus insulates tae

inside of the tank co some degree. However, the :ank hull is warmed as

the day goes on {(mainly by the radi{ant heat »f the sun) to temperatures

Ir-5
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considerably above those of the external air. Then in the early evening
the hot mass of th~ tank hull continues to radiate heat to the air and

objects inside the tank, so chat internal temperatures continue to rise

until long after the external air temperature has starte! to drop.

Figure I;—Z shows a comparison of external and internal relative
humidity. Again, the internai measurements lag the external measure-
ments for a substantial part of the day. However, the drop in relative
humidity aslthe day goes rcn is almost entirely a function of the increase
in temperature, so Figure II-2 tells us almost noﬁhing beyond what we
learned from Figure II-1. The relationships between temperature and
relative humidity are shown graphically in ?igures I1-3 and 11-4; Figure‘
II-3 for the tank's internal enVironment, and Figure II-4 for the ex-
ternal environment for the pefiod from 0700‘to 2000. Figure II-5 shows
the relationship between temperature and relative humidity for the
internal environment for the entire 24~hour period.

Figure II[-6 presents external and internal ETs. The ETs were
(. ‘ S& FHPAPET

e .

computed using the following formula: /7 -

s
59) . In Figure 11-6 it can be seen that internal ET laps erte nal ET

in much ‘the same'gashion ag internal DBT lags external DBTi

Since ET is an jndex qf discomfort, based on empirical data, Figure
I1-6 gives the best inférmation on the probable cof Tects of temperature
and humidity cn tank crew performance. Duke, Sg Q},V in a comprehensive

review of heat stress, found great consistency in experimental results:

W( ormlck o ot (see footnote #2).

:
M J. Duke, N. Findikyan, J. Anderson, and S, B. Sells. ir-as fone v
Pio Choyes! Dtecanedi st Technical Report No, 11, Institute of Behavioral

Research, Ie as Christisn University, Fort W(rth, May 1967,
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an ET of 75° is comfortable, and ET of 80° results in some distress, an
ET of 85° produces great distress, and ETs above 86° result in casual-
t.es, From Figure II-6, it is apparent that th rise to the uncom-
fortable range by early afternoon and reﬁain in thi; range for many

hours.

The internal ETs shown in Figure 1I-6 were measured without a'crew

Ain the tank, and without the tank engine running. Both of these factors

would tend to raise the temperature (DBT) in the tank, and in addition
the presence of a crew would raise the humidity through respiration and
perspiration.

f

The increased humidity that the presence of a crew will probably
contribute in a buttoned-up tank can be estimuted from a series of

3
studies carried out by Hicks, with Armored'Personnel Carriers (APCs)

unde r closed-hatch conditions. He found that in occupied APCs, con-

densation on the interior surfaces of the vehicle was « major problem.

The condensation occurred in the early merning hours when the walls of
the APC had cooled. Occupants found that Jeaning against the walls of

the vehicle caused their clothes to become wet. Condensed water dripp-d

from overhead surfaces onto clothing and other gear stored in the

vehicle. Some of the gear began to rust. Also, vision bhlocks became
fogged, which wnuld have made comhit operations very hazardous.
Thus, it seems clear that ETs in a tank operating buttoned up under

hot, humid climatic conditions. would be substantially higher than those

{2 !

_IS . Hitkq . ,1..]“7 [4'-',::»’ soabe “f ‘ Y })IJ[*!" Preatd s f‘,‘(' 7‘(‘Y’J"~"7"'.‘"f):"’t" .,w 0 7’,..“‘7.,1‘.,
Boleomit SkZlls ) Dwemarg Report, Technical Memorandum 16-64, US Army

Human Engineering Laleratories, Aherdcen Proving Ground, Maryland,

1964,
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obtained in this study, and almost certa. ly up‘in the critical range
above 86°. Kennedy, g&_gl,glpoint out, in the context of shélters
against nuclear weapons effects, that humidity will approach 100 percent

and temperatures will rise well above 80° in a crowded shelter in a few

hours. If the effects of external temperatures well above 80°, are

added to this, along with the heat generated by the tank engine, and l
some degree of exertion by the tank crew, ETs in the tank will certainly
rise into the critical range. Kennedy, et al., recommend ventilation

and a minimum of 15 cubic feet per occupant if external temperatures

‘exceed 80°F. How to implement these recommendations for tank crews

poses a real challenge to designers.

9T. Kennedy, B. Hoot, J. Ball, and P. Rieck. Erpedient Field Fortifi-
cations for Use Against Nuclear Wearons, Final Report, Technical
Report N-74-7, US Army Engineer Waterways Experiment Station, Weapons
Effects Laboratory, Vicksburg, Mississippi, September 1975.
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. CHAPTER 111
SPECIAL HATCHES STUDY: ESCAPE AND EVACUATION OF
' WOUNDED PERSONNEL FROM TANKS

Part I: Background, Problem and Approach

Background and Military Probiem

The basis for the initiation of this investigation was a Human
Resources, Need (HRN) submitted by the 2nd Armored Division (2nd AD),

Fort Hood, Texas, for research into '"tank escape systems."

/
'

The concern of the 2nd AD was based on experierice by some o% their
personnel during the Vietnam Conflict in which the enemy successfully
employed Rocket Propelled Grenédes (RPGs) against.US armored vehicles.
RPGs and secondarily antitank mines constituted £he most critical threat
to tanks and Armored Personnel Carriérs (APés). The capability qf newiy
developed‘éntitank weapons aré capable of penetratinglalmost any exist-
ing tank. The proliferation of these weapons, down to the level of the
individual soldier, indicates a need for a critical exaﬁination of tank
escape systems.
A second, but highly related concern is the evacuation of a wounded
or‘injured Crewﬁan from within theytunk. Alkprnsent‘ it i, cxtreme,
difficult to remove an unconscious or physically disabled rrewman due to
the lihiteA'internal space and small size of the hatch openings. Svacuation
of the driver is extremely diffigult if the rﬁrrer drive system is
disabled with the turret in the forward position. The injured driver . j
must either be lowered o the ground beneath the tank through the driver'- ;
escape hatch, or moved intc the turret, and removed through either the

-1




ey o S

e R P e ST S S WSt SO

loader's or tank commander's hatches. Tank designers appear to have
given little consideration to evacuation requirements.

In discussions with 2nd AD personnel, a further concern was ex-
pressed over reporfs that some tank units did not use a gunner during
the Vietnam Conflict. 1In this case, the main gun was fired from the
commander's position. Personnel of the 2nd AD hypothesized that the
elimination pf the gunner wa§ due to a feélinglfhat his pe?formance
could be ;dvefsely affected by his vulnerability to enemy antitank
weapons. The tank gunner, more than ary other crewman, is vulnerable to
enemy fire penetrating the turret wall. Furthermore, of current US
tanks only the M60A2‘provides the gunner with his own hatch. Therefore,

in most tanks, he is almost certain to be the last man out if the crew

'is forced to escape. This concern nver this possible elimination of tne

gunner due to his vulnerability lent impetus to 2nd aD's interest in
tank escape systems. They felt that it was necessary to determine the
requirements for and cost effectiveness of changing tank designs and/or
modifying existing tanks to improve chances of escape. In addition,
they felt‘ag investigation should be made into the possibility of
developing traininé prégrams intended to overcome the disadvantages of
current tank design. |

Although not specifically‘addressed by the Zﬁd'AD, another related
problem is the rescue of wounded ground personnel by the tank crew.
During Wwl:. this means of rescue was nét uncommon. The tank would be
positioned over the wounaed soldier so as to prote;t him from further
enemy fires, and he would be lifted into the tank through the driver's
escape hatch. Such an operation would be extremely difficult in our M60

111-2




" any, was in progress. To this end, a survey of the literature was

series of tanks, as the driver's escape hatch is located almost directly
undst the driver's seat. Work space in the driver's compartment is

extremely 1imited, and the driver would obviously be unable to move the

tank until the wounded soldie. was removed to the turret and the seat

. reset. . ‘ , . '

Research Problem and Approach

At theléutset,'virtually nothing was known cbout any previous work
on escape and/or evacuation, about the ziaount or kind of fraining crew-
men receive(d) on these subjects, nor aboﬁt crewmen's atiitudes con-
cerning the adequacy of current escape sys“ems and any associated
training programs. ‘Therefofe, as a first s{ep, it was necessafy to

\

determine what work in the area had been accomplished, and what work, if
conducted, and knowledgeable personnel in a number of both military and
civilian agencies were contacted.

The second step was the development and adninistration of a ques-
tionnaire to armor personnel with actual experiencv‘iﬁ escape and/
evacuation from armored vehicles. The questionnaire was desioned pri-

marily to obrain information relevant to the 2nd AD's covrcern , taking

into account the information obtained from the literature survey and

other workers in the armor field. The decision to survey only personnel

v

1

with first-hand experience in escape or evacuation was based on the

notion that their expericnce would allow them to make an informed judg-

ment concerning escape and evacuation nceds. Those without such experience

might have given the subjects little previous thought, and their specu-
lations would likely onlv add "noise" to the results.
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The results of the effort outlined above are reported below in two
barts. Part II deals with the attempt to garner ali of the currently
available informatién on escape and evacuation. Part III deals with the
administration and findings of the questionnaire, and presents a brief

summary of the overall effort.

Part I1I: Results of the Information Survey

Personal Contacts

Personnel involved in the development and/or testing of tanks and
associated systems were contacted in the Armor School, Fort Knnrx,
Kentucky, the ARI Field Unit at Fort Knox, the HumRRO office at Fort
~ Knox, the Human Engineering Laboratories (HEL), and the Cﬂrygler Defense
Corporation. The results were disappointing. So far as could be deter-
mined, there was no ungoing work concerned specifically with escape or
evacuation, nor was any planned in the foreseeable future. A number of
incidental itemsiof informaticn were obtained, but they were largely
irrelevant to the objectives of this research. The only relevant infor-
mation came from conve. ations with personnel at thé ARI Field Unit at
Fort Knox.l It was ascer:ained that training materials were being
prepared by the Armor School for crew drills which include escape and
evacuation. Thg task, conditions, aad standards for for each type of
drill ;nd the procedures for each member .to follow are being specified.
These drills are now in draft form and are planned for publication

sometime during the summer of 1977.

]Personal communication from Dr. R. T. Bauer, ARl Field Unit, Fort Knox,
Kentucky, March 1977. '

2Persona1 communication from CPT Dale Stewart, Directorate of Training
bDevelopment, US Army Armor School, Fort Knox, Kentucky, March 1977.
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The only conclusion that could be drawn from these personal con-
tur's was that there was little interest in escape or evacuation in the

rcsearclh, and training communities associated with armor.

Literature

The primary sources consultei in conducting the literature survey
were the Defense Documentatioﬁ Center (DDC) ‘and the Engineering Ab-
stracts. Again, the Igsults wcre.disappointing. A search of the
Engineering Abstracts fo; the previou. five years revealed only infor-
mation concerned with escape und e;acuation from submarines anu aircraft.
Examination of some‘of thése reports proved Them to be irrelevant to the

armor ‘problem. Despite an intensive search employing a wide variety of

 fden;ifiers, only ‘three reports of relevance were locatea in DDC. Only
one of these was actually concerned with crew escape from a tank in an
emergg6cy. Because of the meagre literature on the subject, each of the
three relevant reports located will be reviewed in some depth.
An lnvestigation by Dickinsdn and Horiéys compared crew. escape
times from the proposed MBT 70 under various‘emergency éonditions tv
.escape times for the M60A1‘tank. The propoged MBT 70 design necessi-
tated moving the driver's escape hatch from the front of the hulf (. »
the MéOAl) to a central location under the turret. This move becam-
necgsgary because the driver, gunner, and tank commaﬁder were all to be

located within the ‘turret. The Dickinson and Horley study censisted of

two parts. Part I determinel the crew's tactical emergency-escape '

7
“N. F. Dickinson and G. L. Horley. #5705 MRU=7D, Crew Prorgency Foocoe
Stuly, Technical Note 6-68, US Army Human Engineering Laboratories,

Aberdeen Proving Ground, Maryland, March 1963.
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capabi;itiés from the MBT 70 under the worst and best conditions for
turret azimuth position, and coméared these results to similar condi-
tions in the M60Al tank. PartvII investigated the feasibility of escape
through the bottom escape hatch, should the tank be upset. In addition,
the investigators examined the ease of gaining aégess to the interior of
the MBT 70 from the outside through the escape hatch. Access from the
outsidg would be important in' the evént the tank overturned. In this
instance, it might become neéessary to gain acceés to evacuate wounded
or injured persbnnel. A similir 1n§estigatioﬁ was not made with the
M60Al tank as the escépe hatch is not designed for removal from the
outside.'

The investigators initially found that the MBT 70 emergency escape
system was not workable. They then modified the‘esqape‘system and the
dafa presented in the study basically reflects escape with their modi-
fied MBT 70 s&stem. They compared éscape times on'y through the escape
hatck in the bottom of.both tarks. No escape times were collected for
exits through the other hatches. The crew participating in the study
carrled their personal weapons‘(MB submachinegun, caliber .45 pistol)
and wore the typical tanker gear (CVC helmet, combat boots, etc.).

Crew niean escape times from tﬁe M60A1 averaged 59.2 seconds under
;he worst coﬁdition and 24.1 seconds under the best qondition. Under
the worst condition, the position of the turret caused ammunition fﬁr

the main gun to block access by turret personnel to the driver's escape

' hatch.4 The escape hatch in the M60Al is located directly under the

driver's position. The loader needed a mean time of 32.0 seconds to

4[t was assumed -that under the worst condition that the tur-et was dis-
abled, and therefore could not be 10tated. In the best condition, it
was assumed that the turret was elther in the best position or could
be rotated into this position.

11i-6
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remove the rounds before turret cvew members could gain access to the:
escar~ hatch.

Timing of escape from the M60 in the‘best position commenced éfter
the turret was rotated 180°. This movement resulted in unobstructed

access to the escape hatch by turret crewmen. 1f timidg had started

. with turret movement, the mean times to escape would be inflated by the

time required forvthe turret to fraverse (31.6 seconds instead of the
24.1 seconds reported).

Eséape times for the centrally located MBT éscape system were 65.2
seconds for the best and '88.0 seconds for the worst conditions as dic-
tated by the position of the turret. As can be seen, tgesé times compare'
very unfavorably with the times reported for the M60Al.

Dickinson and Horley cautioned that under tactical conditions in
forward areas during a siient—watch ﬁission, an eséape hatch which could
be opened from the outside could be released by the enemy without the
crew‘s.knowledge. However, the present authdrs feel that the prcvision
of outside access has merit, espec13112 wben.the crew is injured or when
the turret is in a position to prevent the creQ from ruleasing the
escap. hatgh. A simple anti-intrusion/tamper device could alert the
crew to the enemy presence under the silent-watch condition.

The chkinso; énd Horley report prov’des‘guidelfnes for the design
§f futgre tank escape systeﬁs. They point out that ifla tank escape
system permits personnel outside the tank to rescue the crew, the syétem
must not require special tools or equipment. This eqnip&ent will prob-

ably not be readily available under tactical or even training conditions.

As regards trainine, Dickinson and Horley noted that -efforts must be
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made to ensure that practice in escape does not damage operating equip-
ment. The MﬁT 70 escape éygtem created potentially troublesome problems
for maintenance. MBT crews were required to remove a slip-ring in the
tufret for each escape.exercise. The slip-ring was generally damaged by
removal, which could‘hgve caused its f#ilure and a malfunction of the
overall turret control system. |

One of the design requirements for'the MBT 70 tank was to provide
crew members with safety devices such as seat belts and shoulder har-
nesses, These devices were intended to minimize ihjury to a crew in
case the tank rolled over. No US tank in current use has provision for
safety harneéses or seat gelts at any of the crew statiéns. Dickinson
and Horley point out that if restraining devices are considered for
future use, they must be designed so that no crew member could be trapped
or impeded in escaping éuickly from the tank in an emergency. They
should also be designed so thzat personnel evacuat;ng wounded or inJured

crew members could easily and quickly unfasten the restraining dev1ce.

In an older but still relevant study, William55 evaluated the

‘effects of fire bombs dropped by aircraft against the T26E4 tank. It

was concluded that after being hit it woulq have been possible for the
creQ to evacuate the tank immediately, or, if conditions dicated, to
have waited five minutes for the fire t6 subside before evacuating. The
crew could then fight the fire and probably remount and continue as an
effective unit, This inveetigation is cited tc point out that a tank
crew may have *o evacuate (escape) in order to protect andvsave their

weapcns system, and not just for survival.

5 . . s ,
“J. R, Williams. Terminal Paillistic Tests of Fire Rombs Againat the

T25i4 Tunk, Report No. 770, Ballistic Research Labs, Aberdeen Proving
Ground, Maryland, June 1951.
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" - ‘ Reéves and Vikestead6 did not directly study escape systems.

I rever, some of tﬁeir conclusions and reépmm;nd ons shduyd be con-~
sidered when planning and designing escape systems. tor example, they
con >nd that the greatest hazard to the crew is the pbténtial for
explosion or fire created by the étorage of main gun ammunition and fuel
in the crew compartment. These items are”particularly hazardous due to
the crew's confinement and difficulty of escape. Reeves and Vikestead
point out that compartmentalizétion of fuel and ammunitfon and isolatiOn
of these items away from the crew compartment should considerably reduce
casnalties,

5 - I These authors also felt that the spall (metal ejéctedrfrom ihe

invwer surfaces of the tank when hit) creéted by mines, large caliber

kinetic energy projectiles, or heat pfojectiles was also a major hazard.

They recommend the placement of ballistic cloth blankets in the crew’

compartment. This measure should minimize casualties from spall or from

tragments of penetrating projectiles. The addition of spall liner: to

f

the interior walls and floor shopld aléo be considered. All of their
recommendations, if implemented, should greét]y reduce any crew aux-
ieties concerning their own safety and survival.

The only concrete suggestions concerning the configuration of

escape hatches for tanks were found in the Military Standacdization

Handbook./ This publication stated that "...escape-hatch dimensions

P
H. J. Reeves and W. S. Vikestead. (enery’

Ppipodnics Do Vylnerpali i-,

Feduotion of 2 Mein RBatbtie Tmk, BRL Memorandum Report No. 23-21, USA
"Ballistics Research lLabs, Aberdeen Proving (Ground, Maryland, August
1973.

Y

-
"M11,~-HDBK~759, R ALY Stondardination Foolbook, iewo Fastope
Eraineering Deadgn for Arope Daterie! ) US Department of the Army,
12 March 1975,
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should be based on three factors: (a) the work area personnel must
escape from, (b) the equipment and clothing they will be wearing, (c)
the environment they wi’  enter."” General gﬁidelines to escape hatch

'

design were:

* Hatches should open with a single motion of the foot or hand.

¢ Operating force should be less than 50 pounds for handles or
pushbuttons.

* Hatches placed overhead should weigh less than 50 pounds and

should be opened by force of gravity.

¢ Rectangular hatches should be a minimum of 16 x 24 inches with
20 x 28 inches preferred.

* Square hatch copenings should be a minimum of 18 inches with 22
inches preferreu-

¢ Circular hatch openings should be a minimum of 22 inches with
28 inches preferred.

¢ Floor mounted escape hatches shou?d not be obstructed by seats
or other equipment and locking and unlocking mechanisms should
operate with 30 pounds or less of force.

* Floor mounted escape hatches should be at least 22 inches in
diameter and should have a* least 18 inches of clearance from
bottom of the hatch to the ground.

Some of the more relevant general guidelines concerning access to
hatches are cited for designing crew stations in combat vehicles.

¢ There should be adequate handgrips and footsteps to help the
2rew reach the hatches easily and safely from the ground.
{Unfortunately. in tanks the only footholds are the fronc
towing pintles and in some units they were removed so they
would not he stolen or lost., Mounting on, the side of the
vrhicle is unsafe as the crewmen could be injured in the
roadwheels if the vehicle was accidentally moved. - No speci-
fically designed hand-holds are provided on tanks, and
individuals who are small have difficulty in mounting the
tank. %) »

¢ A1l hatches and doors should he large enough to admit fully
equipped 95th percentile operators.

pol

“Statements in parenthesis ave the present authors',
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There should be a clear path from ctach hatch to the crew

. position(s) it serves. Men iu a hurryv should not have to
squeeze around obstacles, or avoid tripping over fire ex-
tinguishers, cables, or the like.

The suidelines incorporated in the Military Standardization Hand-
book are not intended to be mandatory, but are furnished te ie-igners

mainly for,informational purposes.

Summary and Conclusions

The literature is as intor;sting for what it does not address as
for what it does address. Expressed concerns over crew safety, in-
Ciﬁding escape or evacuation, are quite limited and evidence of concern
by tank designers is lacking. For example, from the little literature
located, it can be vonv}qud that:
(a) An vscape hatch in the botton of the hull ie desirable in
case the tank turns over, hAr it should be capable of bo{ng opened from
the outside with no special tools, and should be equipped with some kind
of anti-intrusi'w device.  (Note that the Chrysler Defense Corporat on
version of the {M-1 as recently proposed does not have a bottom hatcin,)
(b) Crew members should be equipped with safety devices such
as harnesses or seat belts with quick-reicase featuree, (G o ti o v
’ i
current tanks have these foatures.) . » |
(e} Spall liners (hallistic cloth) should be provided t-
minimize injurv in the event that thy tank is hit.‘ (Note that no cur-
‘rent tanks have spall liners; the proposed XM~L does.)
(A)  Fuel and ammunition shoold be compartmentalized. out=ide
the crew compartment to reduce the hu;nrd to vrvwm;n. (Wut; that in
current tanks ammmition {s stored in the crew compartment. The XM~

l

has compartmentalized main vun ammunition.)
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(e) Hatches should conform in size and shape to those iecom-
mended in human engineering guides.

In add%tioﬁ, the present authors hold a number of conclﬂsions not
addressed in the literature. These concerns can perhaps best be ex-
pressed as a series of nnanswered questions concerring tank escape
systems, For example: How 1is escape and/or evaéuation of wounded
affected.by the wearlng of NBC gear?; What provisions should be made fof
escape during an emergency in deep-water fording?; and, What actions
should a crew take after escaping from a disabled tank?

Other que;tions could be asked. Perhaps the most important ques-
tion concerns the attitude of crewmenltowardlthe adequacy of current

escape systems. This question will be addressed in Part III of this

chapter,

Part IIl: Analysis of the Escape and Evacuation Quéstionnaire
Introduction

At the outset it was realized that the proportion of tankers with
' personal ex,erience in either escape or evacuation of wounded or ihjured
personnel wpuld be quite small, and that any one individual's experience
was likely to be limited to one, or at wnost two, incidents. Therefore,
it was realized that, aside from descriptions of vérifiablé incidents,
most of tne information obtained, even from e#perienced personnel, would
necessarily be laréely subjective opinion. However, cpinion and atti-
tude data should be quite valuable in planning training programs. For

example, Smith and Coxg found that orientation training was an effective

9R. Smith, Jr., and J. Cox, Jr. Methods of fay~hologior Stvess Due to
Eadiation, AFPTRC~TN-57-19, Personnel ILab, Air Force Personncl and Training
Research Center, Ailr Rescarch Development Command, Lackliand AFB, Texas
February 1957. '
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approach to alleviating fears associated with work in the nuclear field.
Théy conclgded that stress and anxiety could be reduced by providing é
rpa]istic orientation to the situation, and by training personnel to
cope with emergencies. It seems Iikély that thése same principles
should be applicable in alieviating anxieties associated with escape and
-evacuation from tanks. Responses to a questlonnaire designed to tap
these anxietigs will be ;seful in providing Airection for the develop-
ment of traininé to enable tankers to cope with their concerns. 1t
should be noted, however, that opinions concerning the technical aspects
of escape and evacuation systems probably cannot be taken at fuil face
value. However, they shoull provide tank dgsigners with some useful
hypotheses for further consideration and testing.

With the ébove'caveat in mind, a‘questionnaire was designed. Items
were written to .obtain infbrmation relevant to all of the expressed
concerns of the 2nd AD. However, additional items were.constructéd
based on information obtained from the literatu;e and perscu:l (AHYICtS.
A copy of the final version is shc.m as Appendix Af ihe findinps are

summarized below.

E.@”ﬁi?iEé!EE.

Participants in the survey came from the‘foilowing molitary units:
(a) US Army Armor School (staff and students), Fért Knox, Kentucky,
(b) Armor 3chool Brigadg, Fort Knoex, anq (c) 2nd Arméred Division, Fort
Hood, Texas. Participation in the survey was limited ton individuals
reporting expérience in escape from a tank or aidiug in the evacuation

of injured or wounded personnel, either in peacetime cr during combat,
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The total number of respondents participating in the survey was 33. The
sample size was limited by a scarcity of individuals in the service with
relevant experience. A few participants had no direct 'personal experi-
ence with escape or evacuation, but were included because of their '
stated personal fémiliarity with the escape pr;blem and a desire to
participate. The questionnaire was administered by HumRRO personnel
during February and March 1977.

Personal data. Thirteen participants were officers, ranking from
captain to lieutenant colonel. Twenty were noncommissioned officers;
three Ebs, thirteen E7s, and four E8s. Nine of the respondents were
aged 20 to 29, seventéen, 30 to 39, éndvseven, 40 to 49. Average‘time
served in the Army was 14.9 years, with an avérage of 12.9 years in the

Armor Branch.

Experience in armor. Twenty-two of the respondents had actually

.gserved in tanks during combat, while 11 reported ao tank combat experi-

ence. Respondents were not asked to report if they had non-armor combat
experience. Two individuals saw extensive combat on the,Mli3 ACAV
vehicle, thch was employed much like a tank in Vietnam. However, their
responses were included in the non;combat category due to the marked
design differehces between the escape systems of tanks and APCs. The
majority of the respondents (24) served in Vietnam with two indicating
combat service witﬁ tanks 1n Korea. Most ccubat experience was gained
in the M48A3 tank and the M551 éirborne reconnaissance assault vehicle.
Of tanks in the cur;ent inventory, the respondents reported greatest
familiarity with the M60 series followed by the MS51. However, re-

]

spondents reported serving in a total of ¢ Jifferont todk modola, Most
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respondents reported experience as tank commander or gunner. Relatively
tew reported serving as a loader or driver.
Anthropometry.’ Each respondent was asked to indicate his butdy

frame by stating his normal shirt size. It was thougbt an individual's

'

size and weight would have some bearing on how he responded to questions

concerned with getting in and out of confined spaces. The assumption

wa: that individuals who were smaller in stature would indicate fewer

difficulties with the prescnt tank escape system than individuals of
larger stature. '
The median height reported by the group was approximately 5'11",
When compared to the anthropometric data presented for Adr Force cadets
»in the 1972 Human Engincering Guide to Equipment Design,io this median
height would place them in approximatelv the 75th percentlile for height.
Their height would place them slightly above the 85th percentile for Air

11

Force gunners. This comparison is relevant as Air Force gunners must

operate in confined spaces much like tank ciews. . It is intercsti.,:
note that the respondents were generally taller and heavier than one
would expoag to find in a carcer field where much time is speat orking
in small, confined spaces. . '

As compared to the overall height ¢ US Army personnel, the o ayp

median height of 71 Inches places it above the B0ch porentile.  Accord-

ing to MIL—HDBK'759,7” the median height for the group is ahove the 75th

'

10 . ‘ . . , . . e
H. P. Van Cott and R. 6. Firnkade (ed.). [hemm EyvgghicerTn g Gulde o

Fpoipoment Pesion (rev. ed.), Washinpton, D.C.: US Covernment Prin in |
OfFfice, 1972,

7 0

MIrid.

PMIT=HERK-759, oy ot
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percentile for US Army armor crewmen (Ehese anthropometric data were
collected -in 1966).

The median weight of 190 pounds for the group is above the 75th
percentile for érmor crewmen, while the median weight of 190 pounds
places them at the 90th percéntile compared to all Army pgrsonnel as
réflected by the data collected in 1966. Fifteen participants reported
a medium frar:, whereas 11 had a large frame. Only four reported a
small frame and two an extra-large frame.

Since the collection of anthropometrié information was begun, the
average soldier in each‘succéssive war ﬂas been taller and heavief In
apparent defi#nce of this trend, the amount of spape‘allocated to the
crews of fighting armored vehicles has become less and less. Space
becomes even more critical with the addition of standard full éombat
dress or special éold weather clothing or NBC gear. For example, the
effective height of an individual is increased by 2.65 inches when
wearing‘the standard uniform. This uniform includes underwear, shirt,
trousers, fatigues or shorts, socks, and steel helmet with liner. 1In
addition, combat field clothii: éan add up to 18.6 pounds to an indi-
vidual's weight. Winter clothing or NBC protective gear for armor
crewmen will add considerébly to this weight and bulk, thus compounding
fhe problems of escapihg and removing wounded or injured personnel from

the interior of the tank.

Escape and Evacuation Experience

Escape training. Approximately bhalf of the group received prior
training on tank escape at some time in their armor service; the remain-
ing half received no training in escape. Only two Individuatls indicated
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they had received their training during the 1970s. Most of the training
was received in the 1950s and 1960s. These periods coincide with the
Kotean and Vietnam conflicts. Apparently, escape training is emphasized
only in times of war. Informal conversations with experienced tankers
ana discussion with training personnel indicate that current training in
escape is, for all practical purposes, nonexistent.

Of the individuals who wefe trained in escape, Fhe initial trainiﬂg
was usually by the unit (coﬁpany) cadre. This training consisted of an
average of four hours of instruction. When the groﬁp was asked to

estimate the total amount of training thgy had received in éscape during
their period of service, their responses ranged from one to 100 hours,
aﬁd averaged eight to ten hours. Tﬂis amount of time is small when
compared to theﬁaverage length in afﬁor of 12.9 years. Fourteen indi-
viduals reported beingvtrained‘to escape through the driver's escape
hatch. However, two of the respondents .eceiving escapé training indi-
cated they did rot receive training in exiting through the driver's
escape hatch. Twenty-four of the 33 respondents indicated that the
training time for cocape should be inercased, while eight telt it should
be left as it is,

As part of their training, some armor crewmen were trained to
rescue wounded ground personnel through the driver's escape hntrh: Che
escape hatch would be d?gpped and the ténk would be driven into 5 posi-~
tion over the wounded person. This type of rescue was omployéd if an
individual was woﬁndod and,‘duo to ﬁenvy small-arms fire, cnu]dvnot D
reached by other means. The tank, being impervious to soch fire. coald

perform rescue operations in this manner. However, a rescue of this
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nature was reported by only one o° the respondents. In this instance,
an M24 tank was used, which has the escape hatch located behind tﬁe bow
gunner. Twelve of the_respondents had been trained in this method,
while 21 had not. With the tanks curréntly in the inventory, this

method of evacuation is difficult to accomplish, as the escape hatch is

~almost directly under the driver's seat. With current tanks, a success-

ful rescue would depend solely on the driver's ability to pull the
wounded person into the vehicle, leaving the driving controls unattended.

Escape experience. Twelve of the respondents reported escaping

from a tank during training and 10 &uring combat. Of the respondents
who escaped during combat, thg majority had térescape only once; four
escaped twice, two escaped three times, and two escaped four times. OCne
individual escaped four times from an M113 ACAV vehicle and another
individual escabed three times from an M113 APC. The majopity‘of the
individuals who reported‘escape experiencc were tank commanders at the
time. In 11 instances their vehicle was disabled by an enemy tank or
antitank weapon, in seven instances the tank was hit Ly a mine, in three
instarices the tank was burning. One of the respoﬁdents indicated that
his tank hit antitank mines on eight different occésiohs, but only once
was it necessary to ev.cuate the céew. Another individual reported
being hit three times by RPGs, on two of those occasions the crewlescaped‘
because of injured personnel.

Six individuals reported escaping during training once, while four
escaped twice. Most of these were tank commanders at the .time. Fire

was the predominant reason for escaping during training, while a drivin;

accident was the second most prevalent reason.
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Evacuation training. Eighteen respondents reported receiving

training in evacuation, while 15 received no t-aining. Four respondents
indicated the traiﬁing took place from %971 through 1976. The majority,
however, received their tfainiﬁg Gwring the 1950s and 1960s. Only two
respondents indicated that this tr:ining included emergency medical care
or was conducted in conjunction with medical personnel. On~ respondent
rvporﬁed a personal experience of an accident in which the crew were
thought to have broken backs. Based on this expérience. this respondent
instigated a training program with medical help and supervision. 1t

- seems unfortunate that it took an aéciéent to reveal the need for tank
crews to have some basic medical skills which would allow them to care

for injured or wounded perscnnel until the arrival of competent medical

l

help.

Training in evacuation was usually conducted by the unit (company/ .
troop) cadre. Four respondents indicated they received their training
by the unit cadre during Advanced Tndividual Training (AIT). The
respondents reported receiving an averagé of four hours of training,
with a range of one to 100 hours. Twenty~four of theirvSpuﬁdents felt
that the training in evacuation should be increased, while uight tor it

should remain the same.

Evacuation experience. Sixteen of the respondents reported eveu-

ating a wounded or injured crewman from a tank during training, while 17
reported the experi;nco during combat. Approximately halt of the total

respondents reported aiding in evacuation. The group reported an equal

number of accidents which required evacuation during training as in

combat .
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Attitudes and Opinions

Concerning survivability. Survivability in tanks is usually dis-

cussed in terns of weapon firing rates, engageuwent ranges, armor pro-
teétion, and speed., Rarely is survivability discussed in terms of the
difficulty in entering or exiting the vehicle. It is rarely recognized
that the time it takes a tank crew to mount or dismount the tank could
be criticai, and that access should be considered important to crew and
vehicle‘survivability. This section reports‘the opinions of the re-
spondents about their intended actions if hit by enemy fire. These
opinions are expressed in the most general terms, for it is impossible
to evaluate every conceivable situation. In combat, the crew{s survival i
is‘dependent upon specific fantors which are too numerous to list.

When asked to rate their chances of escaéing from a tank if it was
hit, 13 indicated that their changes were "not too good" and ore indi-
céted "no chance at all." Eight felt that;tﬁeir.chances of escape would
be about ”aﬁerage.” Eight feit they had a "fairly zood” chance, and
only two felt they had an "excellent'" chance of escaping. The group was
aiso asked to estimate, as a percentage, their chances of successfully
escaping from a disabled tank. Approximatély half of the respondents
rated the probability of successful escape as 50 percent or less.

The respondenis were unable to rate each crew member's surviva-
bility under different locations of penetrations of the tank with

different ammunition. (See question 20, Appendix A.) Percentages

varied widely and there seemed to be no consensus among the respondents.

Concerning threats to crewmen. Respondents were asked to rank

order possible threats. Their respouses showed that the most feared
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threats were: enemy ‘tanks, antitank missiles, antitank guns, antitank
mines, and being trapped by fire. Napalm, aerial bombs, rockets, and
artillery were ranked lower, and "turning over in the tank' was ranked
last. Table III—l lists the types of threats. (Some not in the original

list were added by the respondents. These are indicated by an asterisk.)

Table ITi-1
Types of Threats
Enemy Tanks Aerial Bombs and Rockets
Tank Aﬁmunition Exploding

Artitank Missiles
(includes RPGs)

Antitank Guns _ Tank Turning Over

'
f

Antitanx Mines *Hydraulic Fluid and Fuel

. Exploding
Napaln : *Drowning During Fording
Artillery *Accidents From Terrain

*Responses not given in original list on questionnaire.

~Concerning escape hatches. Only one hatch on the tank -- the
driver's escape hatch -- is truly an escape hatch. The other hatcl 's
are provided mainly for roucine access to Lhe interio} of the tank.  Fo.
purposes of general discussion in this report; howevcr,vall hatches will
Ee considered escape hatches. ‘

When asked if they could escape quickly through the hatches of

current tanks, 22 respondents felt they could, while 11 felt they couid
not. I

The respondents were asked to rate the difficulty of escaping from

each particular crew position. The ratings were to be based on no
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particular tank model. The ratings are presented in Table III-2. This
question was prompted by concern for the vulnerability of the gunmer:
during combat. As is obvious from the tablé, the gunner is considered

'

by far the most vulnerable.

, Table III-2

Escape Difficulty Rating by Crew Position

TC GNR LDR DRV

Extremely Difficult\ 1 17 2 3

Fairly‘ Difficult 2 8 4 1)
Difficult 3 5 . 4 3

’ Somewhat Difficult 12 3 12 10
No Difficulty 15 0 11 6

The respondents were divided 50/50 as to whether the gunner, should
have a separate es-ape hatch. Ihe group felt that, considerinsg present
tank configurations, a gunner's éscape Hatch might be a good thing, but
they were concerned as to where it could be located.

(1) Driver's hatcii. When the respondents were asked if the

driver needed an escape hatch, 28 of the 33 resﬁondents answered "Yes."
These respondents felt Fhere should be some meéns for the driver to
escape if the tank rolled over. Approximately half of the respondents
felt they‘could escape quickly ;hrough the current driver's escape
hatch, while the other half felt they could not.

One respondent;s comment concerning the driver's hatch is relevant

here.
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If the main gun is traversed over the driver's
hatch, it is impossible for the driver to exit,
except through the turret or driver's escape
hatch. Also, in some turret positions, it is
impossible for the driver to exit through the
turret. His access is blocked by the turret's
basket design, permitting escape again only
through the driver's escape hatch.

(2) Size of hatch openings. Respondents were asked to rate

the size of currentvhatches for each crew position. The rating cate-
gories were: (a) the right sizé, (b) too small, or (E) too large. The
majority of the respondents rated the hatches of the M6Q series about
the right size for all crew positiéns. The M551 vehicle hatches were
rated similarlx,,with the exception of the loader's.hatch, which 10
respondents felt was "too small."

(3) Overall quality of escape systems. The majority of the

respondents rated the quality of the escape system on the M60Al tank a5

" "good" or "very good." Opinions concerning the M551 vehicle were more

diverse, with the majority rating it "fair,” "good," or "very good."
Six respondents rated the M551 escape system as "poor." Seventeen of
the respondents had no experience with the M60A2; therefore, ratings on
this model were few and varied greatly.

_Concerning three-man crews. The current investigation into es. ape

systems was trigpered, at least in part, by .reports that some tank units

in Vietnam employed their tanks in combat with a three-man crew. This

configuration dropped the gunner and the tank commander fired ‘the main
gun. This arrangement presumably was adopted in realization of the
likelihood of the gunner's Being trapped by antitank (RPG) fire. Two

factors were cited as rendering the gunner's position dangerous: (1)
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the inability to quickly escape, and (2) tle vulnerébility of US tanks
to penetration by antitank weapons. .

Nineteen respondents reported serviﬁg in tank units where three-man
crews were a common practice. Seven respondent; Feported no experience
with three-man crews, but all reported knowledge of the practice.

The tespéndents‘weré asked to list possible reasons for operating
with three crewmen. After examining these responses, several good
reasons were evidentAwhy the gunner was often not employed. 'A list of
the reasons is shown in Table III-3. A number Sf‘respondents pointed
out that caseless ammunition, as used on the M551, is particularly
dangerous to the gunner. Hazards duevto explosion of caseless ammuni-
tion may be a greater danger than enemy fire alone.

Some of the respondents took exception to the term, "three-man
crew.”" They recounted that, in reality, four men were used but not in
the accepted sense. In some instances, a caliber .50 méchineg?n was
wounted to the rear of the turret. The gunner was then positioned on

the back deck and was responsible for the security of the left front and

left side of the tank. This greatly increased available firepower.

Improving Escape and Evacuation Systems

Comments from respondents indicated that they did not feel techni-
cally qualified to make highly specific recommendations for changes in
tank design. However, they did provide a number of general suggestions.

Escape systems. The respondents were asked if they felt that the

egcape system Iin present tanks could be improved. Approximarely half

(16) of the respondents felt escape systems could be designed to make it
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Table III-3

Reasons For Employing a Three-Man Crew

Tactical and Equipment Considerations

Due to limited firing ranges, the tank commander was able to
aim and fire from the commander's override.

The mission required mostly area fire, so the tank commander
could fire as well as the gunner.

If hit, the gunner was the most vulnerable crew member.

The gunner's optics had been removed, so the fank conmander
had to fire thz main gun.

The gunner was not. necessary as most tanks fired anti-pétsonnel,
High Explosive (HEP), or cannister ammunition.

Gunner Protection From Eneny Antitank Fire Considerations

The gunner was usually killed if hit by RPGs.

At the time there was no tank or antitank threat and we were

losing gunners to RPGs and mines.

The gunner had difficulty in getting ont if the tank was hit.

Tanks attacked by RPGs were usually hit in the vicinity cf the
gunner. ' :

The deletion of the gunner eliminated the possibility of his
being trapped or killed by concussion from mines.

Persunnel “hortages

Due to a shortage of personnel, this method of operation was
usually done only for short periods of time, a day or so¢ at the
most.
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easier to escape, while 13 felt the present systems could not be im-
proved. Table III-4 is a list of recommendations which the respondents
felt would improve the effectiveness of present escape systems.

Evacuation systems. Many of the recommendations made for escape

éystems also apply to systems intended for the evacuation of wounded or
injured personnel, e.g., size of hatch, unobstructed exiting paths, etc.
The main concern of the respondents seems to be centered on two major
items: (1) increased size of hatches, and (2) provision 6f rescue
straps for‘aid in mcving wounded or injured personnel. Table III-5

lists the recommended improvements for evacuation.

Conclusions and Recommendations

It was apparent from the responses of the group that they felt it
was poséible to‘redesign‘ganks, but as a group they lacked the necessary
technical cohpetence to make highly iqformed recommendations. Tank
designs nave changed little ih_recent years, e.g., the crew station
locationﬁ have remained the same, with few exceptions. As a result,
experienéé with different configurations is limited. Howévef, operétor
opinions concerning improvements in tank design should be presented to
design engineers‘for consideration.

Interest in imprqved escape and evacuation systems was evident from
the group's‘responses, and resulted in a iist of what appears to be very
practical recommendations. These recommendations centered around hatch

size and a revised tanker's uniform featuring integral rescue straps.
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Table III-4
Recommended Improvements for Escape
Mcdification to Hatch(es)
¢ Better designed and fitted driver's escape hatcu. (Many are

~wired on and do not fit right. Some drivers have difficulty
in unfreezing the unlocking mechanism.) Change locking
mechanism. :

¢ Move driver's hatch so the ghn tube does not interfere with
the driver being pulled out or in climbing out.

¢ Fix driver's escape hatch with a safety chain; the loss of
the hatch is bad when encountering wfnes.

* Relocate or redesign driver's escape hatch.
v Design hatches in the sides of the turret, not on top of the

tuvrret., This would permit crewmen to exit without having to
lift their body welght by their arm strength. It would be
less fatiguing and crewmen could exit quicker. German armor
vi:hicles during WWII were usually designed with side doors on
the turrets, ' '

* Restructure present hatch openings; make them larger and more
oblong to conform to shoulder configurations. If body armor
is worn, it makes it difficult to get through hatches.

* Design an escape hatch into the turret wall beside the loader.

¢ Move driver's hatch away from center position to the side,

80 the main gun or turret cannot block exiting through the:
driver's hatch.

Modification of Gunner's Crew Station

¢ Design a gunner's escape hatch in the tank, possibly on the
side of the turret.

* Improve gunner's seat to make it easier to get in and out;
either a fold-down or movable gunner's seat.

Improve egress and exit routes for gunner.
Redesign gunner's crew station completely.

¢ Design and locate hand-holds above and behind gunner to aid in
getting out. '

cont'd
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Table I1I-4 (cont'd)

Modification of Clothing and Personal Ecuipment

Better designed tanker's uniform that will not catch on pro-
jections. Present field gear hangs when trying to 1lift
oneself through the hatches.

Recommend that armor crewmen wear less equipment to avoid
catching it, e.g., holsters, pistol belts, etc.

Miscellaneous Recommendations

Improve access from the turret to the driver's escepe hatch.

Eliminate the present commander's cupola (M60 series of tanks)
as it hinders escape and evacuation.

Develop a comprehensive escape'trairing program,

Add a self-generating smoke screen device or smoke grenade
launchers to screen personnel when escaping.

Design a step (foot- or toe-hold) assist to aid crewmen in
getting out.

Design entry and exit hatches to the turret compartment so
crewmen would not have to climb on top of the turret.

Design self-sealing or self-contained compartments for fuel
and ammunition.* '

Improve the 'flash point'" of the hydraulic fluid so it does
not create a fire hazard, or replace it with some other,
safer, fluid.

Examine seating'arrangements for all crew members tc znsure
the most efficient organization and design.

*Authors' note: This is being dorne on the XM-1.
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seats.

Table III-5

Recommended Improvements for Evacuation

'

Design hatches to conform more to the shape of an individual's
shoulders (bigger and more oblong in shape).

Design tanker's uniform which has built-in rescue straps,
like the German uniform. A rescue strap should be mounted
on the back at shoulder height.

Design an evacuation harness which could be attached to a
wounded or unconscious. crew member to aid in moving and
lifting him out of the tank. '

Design a separate tanker harness which is worn by the crew-
man or design a harness into a tanker's uniform.

Develop a way to hoist the gunner and driver from their

Reduce number of sharp projections in the tank. This would
reduce injuries and hanging or snagging of clothes and
equipment.
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that concern with the safety of this ammunition may have affected crews

SUMMARY AND RECOMMENDATIONS

Traininé in either escape or evacuation does not appear to have a
high priority with the Army; Evidence for this lack of concern is
apparent considering the time the respondents served in armor and the
very few hours devoted to training in escape or evacuation.

Respondents were slightly taller and tended to weigh more than 1966
averages for armor crewmen. Trends in anthropometric data over the
years indicate that our population{is getting taller and heavier. 1If

this trend continues, andlif armored vehicles continue to provide less

. internal work space, then crew selection, based on height, weight, and

girth, may be the only way to resolve the ﬁroblem caused by larger
crewmen operating in confined spaces.

The majority of the respondents felt their chances of surviving a _ &
hit Qould be less than 50 percent, although they did feel that they
could escape quickly chrough the current tank hatches. Most of them
also felt that escape from the gunnet‘s position was the most difficult,
followed in difficulty by the driver's position.

Most of the respondents rated the quality of the escape systems on
our current tanks as fair to very good. Ratings on the M60A2 were
sparse - and varied, as few of the respondents had experience with it.

A variety of operational reasons were cited for operating with a
three-man crew. These seemed to be the result of sound judgment in view
of the tactical situatior prevailing in Vietnam.

Followup research-on the effects of the hazard posed by caseless

ammunition on crew anxiety might prove revealing. There is a possibility
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more than the existing enemy threat. This concern was revealed in
conversations with some of the respondents.

The need to examine the various alternatives and develop different
escaﬁe system concepts was clearly indicated by the réspondents. Our
current tanks, when combat loaded, greatly restrict and inhibit the
quick escape and evacuation of armor crewmen. The best approaches to
remedy this situation ére not clear at this time, and further study is

definitely indicated.

Following are some of the more relevant recommendations. gleaned

from the responses and comments.,

¢ A realistic and comprehensive training program in escape and
evacuation should be developed.

* ' Training time for both should be substantially increased and
made a continuing part of armor training. Training in evacu-.
ation of wounded should include some basic emergency medical
skills beyond those taught in basic combat training.

* The driver's escape hatch should be better engineered, es-
pecially the opening and locking mechanism, Thought should be
given to designing the hatch so it- can be opened from the
outside so personnel can enter the tank to help if it has
overturned. An anti-intrusion alert device should be in-
stalled on this hatch so the enemy cannot enter the tank
during silent-watch and other similar circumstances.

¢ Exiting the tank under special ciroymstances @t o s Jecr-
water fording, or under NBC conditions, shoul'l be inves: -
gated, as these situations may require changes in the escape
system design.

* If possible, the crew stations should be redesigned to provide
the gunner. with a separate hatch, or at least, to provide the
" gunner with a more unobstructed route of exiting the tank.

* Tank crewmen should be provided with either separate harnesses
or have rescue handles built into a tanxer's uniform. Most
tankers favor the fabrication f a tanker's uniform with
built-in rescue straps, like the German tanker's uniform.
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10.

11.

APPENDIX A

TANK CREW ESCAPE AND EVACUATION QUESTIONNAIRE

SECTION 1
Date: ,
(Day) (Month) (Year)
Narme:
(Last) (First) (MI)
Rank:
Age:
a) Height
(Feet) (Inches)
b) Weight
(Pounds)
c) Size of body “rame (use vour shirt size)
Small
Medium
Large '
Extra Large
Time in Army: o
(Years) (Months)
Time in Armor:
(Years) : (Months)
Present Military Unit;
What is your current job title?
Length of time in your present job:
: (Years) “(Months)

What is your jresent MOS?

What is 1its job title?
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13.

14,

Are you currently serving as a member of a tank crew?
Yes

No

[

Check the tank on which you ;re currently serving, or with which
you are most familiar:
M60 or M§OA1
M60Al (AOS) Stabilization
M60A2
M60A3
" M551
M48A5

Other (Specify the tank model)

v

Name each type of tank in which you have crewed and check the

name(s) ot each crew position you worked in for that tank:

Tank Type ' Crew Positions

TC DRV __ CNR ___ LDR _
TC DRV GNR ___ LDP
L TC DRV GNR __ IDR
TC DRV GNR LDR

Have you ever served in tanks during combat?
Yes

No
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a) If Yes, indicate where you served in tanks:

Vietnam

Korea

World War II

Other (Please Specify)

b) List the tank(s) you served on in combat and name the crew

position(s) you held at the time:

D
2)
3
“

5)

Tank C:ew Position(sx
Tank Crew Position(s)
‘Tank Crew Position(s)‘
Taﬁk .Crew Position(s)
rank Crew fosition(s)

15. Have you received practical training in removing injured personnel

from tanks?

Yes
No
If Yes:
a)
b)
c)

d)

e)

When was ‘the training conducted?

Who condugted'the training?
How many hours of training did you receive?

How man; total hours of training have you received in
removing injured personnel since being in armor?

When was the training conducted?

(Year) (Month)
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16.

17.

18.

Have you received practical training in escaping from a tank?
Yes
No

If Yes:

a) When was the training conducted?

b) Who conducted the training?
c) How many hours of training did you receive? .
d) How many total hours of training in escape have you received

- since being in armor?

e) When was the training conducted?

(Year) _ (Month)
£) Have you received tréining in escaping through the driver's

escape hatch?

Yes

No

What should be done about the amount of training on ~scaping from
a tank that is given to tank crews? (Check one)

Increase the amount of escape training

Reduce the amount of escape training

Do not change the amount of escape training

What should be done about the amount of training given to tank croﬁv
on removing injured crewmen from a tank? (Check one)

Increase the amount of training .

Reduce the mmon.t‘of training

Do not change the amount of training
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20.

21.

a) 1If your tank was hit and you had to escape from it, what do you
feel your chances would be of getting out?' (Check‘one)
No chance at all
Wouldn't be too good
Would be about average _
Would be fairly good
Would be excellent

b) Estimate your chances of getting out as a petcentége:

Z

For each of the following categories of "hit" on your tank, please
estimate the chances of survival (enter it as a percentage) of each
crew member:

- Crew Member

Hit TC DRV GNK  LDR

AP, Hull-Rear b b4 )4 | )4 )4
AP, Hull-Center A p4 Y 4 A
AP, Huil-Eorward % ' % 4
AP, Turret ~ b4 )4 ) 4
HEAT, Hull-Rear % Z % z
HEAT, Hull-Center % A % 2
HEAT, Hull-Forward % Z % z
HEAT, Turret Y4 % b4 z

vayou tad to escape quickly from your tank during an emergency, do
you feel that you couid get out quickly enough through one of its
nresent tank hatches? |

Yes .

No  I11-38
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23,

25,

How difficult do you think it is to escape from each of the tank

. crew positions?

Extremely difficult
Fairly difficult |
Difficult

S;mewhat dif ficui

No difficulty

GNR

LDR DRV

Should there be an escape hatch especially liocated for the use i

own hatchQ)
les

Mo

is the hatch In the bottom of the tank.)

Yes

No

“ the gunner? {(MTE: On the M60A2 tank the gunne? does have his

..Should there be a driver's escape hatch on our tanks? (NOTE: This

Rate the size of the presont hatch ouenings. Tf yen 'oonet 5

enough about the different tanks or verious patches, place a check

in the "No experience" column.

M60/M60AL Tank

The right size
Too small
Too large

No experience
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26.

27.

28.

TC GNR LDR DRV DRV Escape
The right size
Too small
.Too large

No experience

MSSl\Sheridan

Ic LDR DRV DRV Escape
The right size
‘Too small
Too large

No experience

Do you feel that you could escape quickly from the tahk through the
driver's escape hatch in the bottom of the tank?
Yes

No

Have you received training in evacuating wounded personnel by
bri~ging them up through the driver's escape hatch?
Yes

No

Rate the quality of the escape systems of the following types of
tanks. If you are not familiar with a partiéular type, pl: . a check

in the "No experience" column.
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29.

M60AL MeoAz  M551
Excellent o L L
Yéry Good o L L
Good . o o
Fair o o o

Poor
No Experience

Which oflthe following threats to a tanker's survival do you most
fear? Enter a #1 beside it and rate as many of the others as you
canbby entering a "2," "3,", "4," etc., beside them. If there are
any other items, rank them in the space labeled "Other" and assigﬁ
them a number.

Trapped by fire

Napalm

Artillery

Aerial bombs or rockets

Antitank missiles

Enemy tanks

Antitank guns

Antitank mines

Tank ammunition exploding

Turning o;er

Other (please specify)




30. During tge Vietnam War there were reporés that tanks were operated
with three-man crews. The gunner was dropped out and the tank
‘commander fired the main gun from the TC's posifion.

, a) Have you ever been in a tank unit where this practice was
followed?
Yes

No

b) Have you ever heard any mention of this practice being followed
by tank units in Vietnam?

Yes

No

¢) If Yes to either of the above two questions, state the reasons

you know of for operating with three crewmen:

31. Do you feel that the escape system on your present tank could be
improved to make it easier to escape?

Yes

No

1f Yes, what improvements would you make?
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32. Have

33. Have
tank

NOTE:

escape from 2z tank during:

you had to

Training Combat

Yes Yes
No

No

you had to evacuate a woundzd or injured crew member from a

during:
Training Combat
Yes Yes )
No No

If you‘answered Yes to either question 32 or 33, please complete
Section II of this questionnaire.

I[f you answered No to both questions, turn in Section Il to the

interviewer.

THIS COMPLETES THE ESCAPL AND EVACUATION QUESTIONNAIRE
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SECTION II
PERSONAL EXPERIENCE QUESTIONNAIRE

A. Escape in Combat

1. In what war did you participate? (Check one)
Vietnam
Korea
World War II

Other (Please Specify)

2. List the tyﬁe of tank(s) you escaped from:

3. How many times did you have to escape from your tank?

4, Check what crew position(s) you held each time you had to escape:
Tank Commander __
Gunner
Loader

Driver
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B.

1.

2.

Through which of the tank hatch(es) did you escape?

Tank Commander
Loader
Driver (Top)

Driver's Escape Hatch

Check the reason(s) yod had to escape:

Tank hit by tank or antitark weapon

Tank caught on fire
Tank hit a mine
Driving'accident

Other (Please Specify)

———

‘Escape in Training

List the type of tank(s) you escaped from:

How many times did you have to escape from your tank?
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Check the crew position(s) you held each time you had to escape:

Tank Commander
Gunner
Loader

Driver

Through which of the tank hatch(es) did you escape?
Tank Commander __
Gunner
Gunner's Hatch (M60A2)
Loader
Driver

Driver's Escape Hatch

Check the reason(s) you had to escape:
* Tank caught on fire
Driving accident

Other (Plea:- ' ecify)

" What design feat.res would you recommend be added, changed, or

eliminated that would make it easier to escape from a tank?

a) Features you would add:
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How many times have

Evacuation of Wounded or Injured Crew Members in Com!

you participated in evacuating wo

bat

undel or

injured personnel in combat? ‘

Check the wounde

the crew member was evacuated,

injury each time you perfcrmed e

Crew
Position

ay TC

c) TC

GUR

O

LDR

DRV

LDR

d crew member's position,

Hatch

TC

s

e

DRV

1RV Escape

GNR (M60A2) ___

TC

PN,

LDR

DRV

PRSI

DRV Escape _ __

GNR (M60AZ)

TC

LOR

DRV

DRV Escape _

and state th

vacuation:

Cause of Wound or Injury

GNR (M60A2)
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3. What design features would you recommend be added, changed, or

eliminated that would make it easier to evacuate wounded or

injured personuel?

a) Features you would add

b) Features you would change

c) Features you would eliminate
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CHAPTER IV
CLOSED-HATCH TARGET ACQUISITION

gg_rhqrm‘md :ad Military Problem

"It is common knowledge that armor crewmen occasionally experience
some form of disorientation to the external environment. Tﬁe gunner and
the loader are the most vulnerable, as they have the least contact with
tho‘world outside the tank. This is especially true during movement
and/or when the turret is being rapidly traversed from one targét loca-
tion to another. However, all crew members appear té bé subject to
disdrientation wﬁen cperating in the closed-hatch (buttoned up) mode.1
This has been att;ibuted, at least in part, to the drastic reduction in
the Field of View (FOV) through the vision blocks, and/or the magnifi-
cation and shallow dépth of field of the optical sights. Some studies
have suggested that optics with wiéer FCVs would yield quicker response
‘times in targzet detection ana engagement. These studies further sug-
gested that an ideal system should incorporate a stabilized low powe}
unit for‘performing surveiilance. A higher mégnification unit would be
employed for detecting concealed targets and recognizing distn~ targets.
The optics should be designed so that the Tank Commauder (TC) ~culd
shift from one to the orﬁor withéQt losing his orientation to the ter-

rain. Current US armored vehicle optics-have no such dual capabilities.

]The material discussed in the remainder of this section has been ab-
stracted from W. L. Warnick, et al., (i o #he Danohslaoierl (v
Asgociare  Phusto g eyl B A s om s Rl See Beangl s Dy Ppom Bod
et tone ] I, ART Research Problem Review 76-13, Human Resources Research
Organization,. and Army Research Institute, October 1976; from R. C. Barrcn,

et al., Texpriadow o Tk 2 0read Tpeneas ) TCATA Test Report No, FM 325,
Final Report (22 Septembor - 24 October 1975), Headquarters, TRADOC Com-
bined Arms Test Activity, Fort Hood, Texas, B September 1976; and f{rom
interviews with test ¢tfficers from the TCATA study.
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In attempts to overcome restrictioné in the FOV during the TCATA
closed-hatch test, some TCs operated with the cupolas rotated 90° or
more to the rear. When the cﬁpola is oriented directly to the front,
the machinegun mounted oh the cupola creates a visual obstruction.
Under this condi;ion, the TC must use the unity window of the command-
er's periscoﬁe for frontal vision. Even with the cupo}a rotated to the
rear, it was found that target detection was degraded with the hatches
closed. fhe amount of degradation in target acquisition perfofmance
with closed hatcheé depended on the fype of mission. However, degra-
dation was estimated as being from 8 to 25 percent during daylight and
from 8 to 46 percent during darkness.

During interviews, commarders also reported th;t they became dié—
orlented while trgversing. ‘'This was most frequent following target
detection (i.e., original discovery of the presence of a target object)
while attempting acquisition (i.e., laying the reticle of the gunsight:
on the farget). This wés attributed to blurring of vision or loss of
FOV while viewing the surroundiﬂg terrain through the vision blocks of
the rapidly rotating turret. This.disorientacion frequently resultéd in
difficulties in accurately positioning the turret. Consequently, it was
hecessary for the TC to pro?ide corrective control actions in order to
lay on the target. ' In such cases, time was lost in ac&uiring the
target. As a consequence, some TCs lowered their slew rates (rate of
turret traverse) during acquisition to aQoid losing sight of the target
and thereby achieve a quicker lay. However, the lowered slew rate also
tended to 1ﬁcrease acquisition times above those observed in the open-

hatch mode.

Iv-2




" keep the researchbproblem within manageable bounds, this study dealt

It is virtually certain that US forces will have to operate with
clesed hatches for considerable periods of time in any future war,
Ther~fore, it seemed appropriate to determine the optimum slew rate in
order t> minimize degradation of target acquisition performince in the

closed-hatch mode. To this end, a small-scale study was planned.

[

Study I: A Comparison of Taﬁk Commander Target Acquisition Performance
While Using Contro'led and Uncontrolled Turret Slew Rates

Objective

The primary objective of this study was to compare target acquisi-~
tion times by the TC under closed- and open—hatch'donditipns using
controlled and uncontrolled turret traversing speeds. A secondary
objective was .to determine if different cupola positions affacted target

acquisition times under closed- and open-hatch conditions. In order to

only with target acquisition while the tank and targets ere stationary.
Furthermore, the targets werc easily identifiable and fuliy exposed so
as not to confound target acquisition times witn tarpet detection andt

recognition,

Methods and Procedures

éubjects. Subjects wor& five TCs trom the Ist Cavalry Divicion,
Fort Hood, Texas. Their average experience as a commander was 16 moﬁths.
Average time in the Army was 4.5 years. The TCs ranged in ape tros 2i
to 29 years. Three of the TCs wore glasses all the time, while th
remaining two did not wear glasses,

A larger pool of subjects would have been deairable, but because of i
other heavy commi.ments, the Diﬁisinn was only ahle to provide five T(s,
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Test design. At the outset, only hypotheses were available con-
cerning the optimum slew rate. As a result, an arbitrary decision was
made to first try a controlled slew rate aﬁproximately 25 percent slower
than the maximum. Also, two cupola positions were chosen. In the
forward position, the TC's froﬂtal view is maximally obstructed. In the
rear position, the frontal view is minimally obstructed.

The conditions employed are shown below:

Controlled Rate " Maximum Rate
Cupola forward/closed hatch Cupola forward/closed hatch
Cupola rear/. losed hatch - Cupola rear/closed hatch

Cupola forward/open hatch

Tﬂe cupola forward/open hatch condition was included to obtain a
baseline against which to evaluate the ofher conditions. This condition
is the one most frequéntly employed and practiced by TCs.

The order.bf presentation of the five conditions was randomized and
target sequence of presentatign was balanced, as best as was possible
with the small numbef‘éf subjects and the limited tiue they would be
available (see Appendix A).

Slew rate control. A device normally employed'by turret mechanics

to test'and adjust the elevating and traversing movements of the TC's
control (override) assembly was employed to control slew rate. This

device, called a '"commander's fixture control,” was fabricated locally,

a

according to specifications in a Technical Manual.” The device is

2 9-2300-378-35/2. [ireet Support, General Support, and Depot Mainte-

nance Manual por Tank, Combat, Full-Tracbed: 106-MM Guw, ME0Al] W/E
(2350-756-8137), Tank, Combat, Full-Tra-icd: 106-MM Gun, M60 W/E (2350-
£78-5773), Tank, Combat, Full-Trickeld: 80-MM Gun, M484A3 W/E (2350-595-
9184), Tank, Combat, Ful'l-lracked: 30-MM Gun, MIS5ASC (2350-679-4817),
Tank, Combat, Full-Tracked: 90-MM (un, MI8AN (2350-316-7560), and Vehicle,
Combat Fngineer, Full-Tracked: M7ZH W/E (D350-785-1797) Gun Flevating and
Turret Troversing Cystems, HQ, Department of the Army, Washington, D.C.,
24 January 1968. -
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designed with adjustable stops to limit the possible range of movement
¢: the override handle, thus effectively controlling the maximum ira-
verse ratc the commander can employ.

Under normal operating conditions the turret is capahble of making

one complete rotation every 15 seconds. An attempt was made to set the

_maximum rotation rate at 19 seconds with the fixture coutrol device.

However, it was not possible to set the rate with complete accuracy.
Therefore, the rates employcd actually varied from 18 to 20 seconds.

Test site configuration. Four targets were used. Two targets vare

large boresighting panels and the remair‘ng two were narmade towers. A
panel was also used as a “zefo” reference. Target ranges varied from
800 to 1000 meters. The targets were located in a fan or arc in front
of the tank. 'wo targets were located to the right of the zero panei

and two targets to the left. The angle hetween the extreme left cargef

‘and right hand target was approximately 103 deprees (1823 mils).

The tank was positicned and the main gun aligned on the certer of
*he zero panel ond the azimuth indicator was set on 0, The two targets

positioned nearest the zcro point were located 33 degrees (510 wils)

- right and 28 degrees (4971 mils) left of tho zero par-l. T.uo ad ici -al

targets were located 57 degrees (2187 mils) right uni - degrees (818
mils) left af the zero panel.

The tank was parked on flat open ground with a clear FOV. The
terrain was gently rolling with medium height ground co.er and'patchcw
of derse woods. The target range islghuwn in Fipure Iv-1, All target:
were large enough to render them 6xtrvmvly Cunspiéunuﬂ. See Appendix

for order of tank and taryct conditions,




TARGET
PANAL (TARGET 1)

NOTE: ALL TARGETS WERE WITHIN 800-1000 METERS

OF THE TANK

DOUBLE JUMP TOWERS
(TARGET 2)

ZERO PANEL

TANK

WOODEN JUMP . TARGET PANEL
TOWER {TARGET 3] {TARGET 4)

>

S
<
&
¥

FIG. IV-1. Test site configuration: Study I.

TARGET DEGREES FROM ZERO

- TARGET #1 - 46°
#2 - 28°
#3 - 33°
#4 - 57°
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Procedures. The data were gathered over a 3.5 day period. The
firsr day was devoted to the fiunal selection of a tank position, deter- ,

mining the target range, and rehearsing the procedures. The tank

position was clearly marked and the tank was reﬁnsittonnd in the same

location every day. Ranges and azimuth to targets were also re-veriiied

each day.

The TC of the test vehicle acted as the tank gunner and assisted
the experimenter in conducting the target acquisition trials. .The TC
<at in the gunner's seit and was responsible for verifyihg that the
subject had acauirod the correct target and also verified that the
crubject nad :aid the main gun reticle in tﬁe rangef{inder on tie approxi-
mate center of the targé"s. The experimenter’sat in the loader's seat
and timed each acquisiticn trial psing a handheld stopwatch.

Prior to starting, each subject wés fully briefed on the purpose of
the study and the procedures they were to follow. Anv questions wé*e
answerel at this time, Subjecus were ins;rurrod to adiust the commander's
foot platform and seat to a comfortable positivn; and also te adju the
rangefinder Opticé to their own eves. The turret was then traversed sc
the subject COUld oosktivoly fdentify each tareet, includin- the zefo
panel. After the subject verified that he knew the locatipn and iden-
tifigation of each target, he received a numher 0% practice trials to
let him get the feel of the power cbnfrol_. Subjérts usually‘required
no more than two or three practice trials before starting their target

icquisition trials,
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Results ‘
The data obtained were examined by Analysis of Variance (ANOVA)
techniques. Table IV-1 presents.the ANOVA table comparing the five
conditions (i.e., closed hatch/controlled rate/cupola forwa;d, closed/
hatch controlled rate/cupola rear, closed hatch/maximum rate of cupola
forward, closed hatch/maximum rate/cupola rear, and open hatch/maximum
rate/cupola forward). As can be seen, the difference between the con-
ditions is not significant. Therefore, the anélysis indicates that

there were no reliable differences in acquisition times, regardless of

slew rate, cupola position, or position of the hatch,

Table 1IV-1

Aralysis of the Experimental Conditions

Source 58 df #s F P
Between Subjects 123.6 4

Within Subjects 311.2 20

Conditions 55.1 4 13.8 0:9 NS
Residual 256.1 16 16.0

TOTAL 434.8 24

A number of other analyses were also conducted. For example, times
to acquirg the two inner targets were compared to the times to acquire
the outer targets, However, none of ihese comparisons revealed a signi-
ficanc differ;nce between treatments, so the analysis will not be presented.
Figure IV-2 presents data on learning during the experiment. The
mean time shown for Trial 1 is based on the times obtained for each’
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5.0
S S
BLOCKS OF FOUR TRIALS

FIG. IV-2.

‘Learning performance for target accuisition trials.
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subject during thg first serles of trials, regardless of condition.

That is, each of the five conditions is represented with four trials
each. The'same is true for Trials 2 through 5. It appears that learn-
ing occurred with practice. ' However, an ANOVA comparing the first two
seriés with the last two seriés did nof result in a significant F ratio.

Therefore, it cannot be concluded that the observed trend is reliable.

Conclusions

Although no significant results were obtained in the preliminary
study, it served to generate several‘hypotheses for a second study.
First of all, it was hypothesized that more practice in using the turrct
control would lead to greater stability in tﬁe results. . This hypothesis
was partly based on the data shown‘in Figure IV-2, and partly on post-
test interviews ﬁith the subjects. The}subjects reported that they were
"just getting ;rganized" in their techﬁiques for acquiring targets when
their participation was concluded. Therefore, it was hynothesized that
differences between the experimental conditions might have emerged if
participants had been allowed to reach their peak in performance in each
condition prior to testing.

A second hypothesis concerned the use of an "aiming reference.”
Subjects repofted that they had learned to use a reference point in
slewing to a target with the hatch closed. It is virtually uni§er$al in
the open;hatch mode to use the main gun barrel as a reference. However,

with hatches closed, they chose some other aiming reference such as a

* nut or bolt on the outside of the turret to help them align the turret
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with the target, This was because when the hatch is closed, 1t is
difficult to judge the actual alignment of the gun barrel with the
target. Therefore, it was hypothesized that an easy-to-use aiming
reference would aid in acquiring targets in the clnsed—hatchlmude.

. The TCs also reported no disorientation when traversing the turret
at thc\makimum rate, They felt that the use of 2n aiming relerence
provided quicker target acquisition. They also felt that the disorien-
tation reported during the TCATA test was due to lack of practice in the
closed-hatch mode. Therefore, {t was tentatively concluded that siow'ng
the traversé rate was not necessary.

Based on these hypotheses, a second study was‘planned for a time
when both personnel and an operable M60Al tank would be avnilable for a
longer series of trials. Tﬁis study 1is described in the nexg geCtion.

Study II:' Use of an Aiming Reference by the Tank Commander in
Target Acquisition in the Closed-Hatch Mode

Background and Military Problem

The design of this second study was based on:

1. The iadication that TCs in Study I needed mor. ;r .~tiq
in target acquisition to prevent rertormance times from "¢ ng co.fe wi-d
by learning effects,

2. Indications from Study I that slowing the slew rate was
not necessary.

3. Personal observaticns and TC comments during Studr I on
the use of some internal reference mark within the cupola or an external

reference mark on the outside surface of the tank as an aid in aligning

‘the turret and main gun onto a target.
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The reference system used varied among TCs, but was is:iily a "nut"

or a sharp projection. However, any easily recognizable fe:t.re could
serve as a usable sighting reference. The TC would traverse t'e turret
towards the target andvthen visually align the reference mark on the
ta?get. This ensured that the gun tube was aligned closely in azimuth
to the target 6r target area. Then the‘TC would look throqgh his range-
finder, and either elevate or depress the main gun until on target. The
Qse of the aiming reference was believed by the TCs to reduce the number
and/degtee of small horizontal tracking movements (jockeying) required
to align the main gun on the target in‘azimuth.

Tﬂe notion behiﬁd an aiming reference is not new. Many years ago,
tanks were equipped with "vane" sights. This was a ﬁetal projection
welded to the top of the turrét in front of the commander's hatch. The
vané sight was used by commanders to iniéially’lay the main gun in the
vicinity of the target. The use of the vane sight supposedly reduced
search time for the gunnef énd a11owed him more time to make a "fine"
lay on the target. The vane sight is no longer inco;porated on our
current tanks. The ﬁb6 tank, which was used in Korea, is believed to be
the last tank with a véne sight. The reasons for eliminating the vane
sight are not known., The TCs felt that an adaptation of this concept

would be hélpful while firing in the closed-hatch mode.

~ Objective

The primary objective of this study was to determine, under closed-
hatch conditions if the use of an aiming reference system would improve
target acquisition times. Tﬁo'ancillary objectives were: (1) to deter-
mine more precisely how many acquisition learning trials are required to
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stabilize performaﬁce, and‘(2) to\determine if cupola position affects
target acquisition perfbrmance.

In order to keep the research problem within madageable bounds,
this study dealt only éith target acquisition while th~ '+ % and targets
were stationary. Furthermore, the targets were easily identifisble and
fully exposed so as not to confound target acquisition times with target

detection and recognition.

\Methods and Procedures

| Subjects. Seven TCs from the lst Ca;alry Division, Fort Hood,
served as subjects; One was an E6, five were E5s8, and one was an E4,
Average experience as a TC was approximately five months., All were
serving as TCs at the time this investigation Qas conducted.

A large; number of subjects would have been desirable, but because
of other heavy commitments, the Division was able to p;ovidp only seven.
Test design. Table»IV—2 deptrfs the test‘condiyions that were

used. Each subject c;mp‘cted 60 target acquisition trials with and #0
without the aiming referonce for a total of 120 trials over the enti.c
study. Under each aiming reference condi*ion, the subject~ completed /¥
training trials followed by 12 test trials. A triul fs defined as the
time taken to slew the turret from the zero point a:d place tae ‘ross-
hair of the rangefinder on the approximate center of mas- (i the
apbropriate target. Two different sets of four targets carch were enm-
ployed for trainingvand testing. This was done to ensure that the
subjects had learned general procedures or techniques rather than simply

learning how best to acquire one specific set of targets. The test set
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Table IV-2

Test Conditions

Without Aiming Reference

Training Targets

éupola forward/closed hatch
(16 trials)

Cupola rear/closed hatch
(16 trials)

Cupola forward/open hatch
(16 trials) ‘

TOTAL 48 trials

Test Targets

Cupola forward/closed hatch
(4 trials) .

Cupola rear/closed hatch
(4 trials)

Cupola forward/open hatch
. (4 trials)

TOTAL 12 trials

With Aiming Reference

Training Targets

. Cupola forward/closed hatch
(16 trials) :

Cupola rear/closed hatch
(16 trials) .

Cupola forward/open hatch
(16 trials)

TOTAL 48 trials

Test Targets

Cupola forward/closed hatch
(4 trials)

Cupola rear/closed hatch
(4 trials)

Cupola forward/open hatch

(4 trials)

TOTAL 12 trials

IV-14




of targets was selected to approximate the training set in terms ot

s1gles and ranges. Insofar as possible the order of prescntation of

v
’

botn conditions and targets was counterbalanced across <l et (s

Appendix B).

Aiminyg r. orence. The aiming reference consisted of rwe 1/8 {neh
wide strips of adhesive tape. One of these wias attached vertically to
the outside of the viewing window, bisecting it. The Tvlthen taid the
crosshair in the r&ngefindpr on the center of one of the targets.
Follbwing this, he placed the second strip of tape on the:inside of the
window so the inner aud outer strips were aligned with the target.

Finally, he assumed his normal operating position and checked that, when

-coincident, the two marks bisected the target. [If not, the inner strip

was adjusted. The TCs found that aliénment was easier it only one eye
was uséd. Thev also reported usirg only one eye vhen actually acquiring
targets with tﬁe aid of the aiming refoerence. The aiming referencos was
attached to the wnity winlow Qf-;he commander's sight whon the cve 1a
was in the forward position, and to tie center vicion block when the
cupola was in the rear pesivion.

Test si}e configurdtjpﬂ, The test cite was confjpure bt

same as in Study I. However, two sets of four targets (one | or rr1:\iny
and one for t - ting) were employvd; The test vehicle wes placed oo a
small hill which 6vgrlooked the surrounding area. All tarrots were
either manmade or easily identifiable natural terraln fentares.  The
layout of the target arrays is shown in Figure v-3.

EfQEEQEﬁ?Er The procedures employed were essentially the same' as
those used in Study 1. Commanders were first briefed on the target

locations. Upon eatering the tank, each TC was told to adinst the seat,
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TARGET ARRAYS
TRAINING TARGETS

TARGET 1 TARGET 2 TARGET 3 TARGET 4
BORESIGHT PANEL  BORESIGHT PANEL LARGE DEAD TREE RANGE BUILDING

FIRING FAN =61° (1,085.8MILS) TARGET DEGREES FROM ZERO

TARGET 1 = 28°L TARGET 3 = 19°R
TARGET 2 = 17°L TARGET 4 = 33°R

TARGET 1 |
LARGE GROVE OF TREES TEST TARGETS
™ 0 TARGET 2 TARGET 3 " TARGET 4
RANGE BUILDING RADIO TOWER[) RANGE BYILDING

DEAD TREE

FIRING FAN = 96° (936.8 MILS) TARGET DEGREES FROM ZERO

TK TARGET 1 = 29°1L TARGET 3 = 14°R
TARGET 2 = 1R°L TARGET 4 = 27°R

FIG IV-3. Test site configuration. Study II.

i

Hi
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foot platform, rangefinder distance settings, etc., and make any orher
«djustments he would normally make in his own, tank, The military assis-
tant, seated in the gunner’'s seat, then moved the turret and aligned the
poenetr's sight én the zero panel. The commander v*pifivd that the‘gun
layiné reticle in the rangefinder coincided with the gunner's aiming
point. The experimenter voeritied the reriele settings. The assistant

[

then traversed the turret and laid on each of the four “training’” tar-
gets.,

The TC was then instructea to traverse the turret and lay on each
tqrgmt with the hatch open and then with Lthe hatch closed. Each TC was
given the chance to observe and practice taying on all tsrgets to mini-
mize misidentification. This procedure was tollowe! rcach time the
cupola position was changed. The same procedure was followed for the
"test" targets.

During bntﬁ training and te@fing. coﬁmahders were t~%d to alien
their sighting reticie 1s near center of mass as poasfhlc £y each
target or target nrea. The miiitary qqsiyrdnt, whé wis a tank com-
mander, verified,that cach commarder tad laid on the cor et tarcet
was aligne! on tie approximate cont v of rﬁf 2t mass,

Targets tor cich triu} wn}v coaie oted by the ey T iprer wh
called a nunher which désignaged each taruet,

Two subjects were run per day -- one in the morning and one in the
afternocn. Fach TC took approximately two hours to {inish the 120
target acquisition trials, including practice and installation o re-
moval of the alming reference. Timing was accomplished by the vsc of o
handheld stopwatch, The timr for each crial was rmnnde to the nearest

whole second.
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Results

Table IV-3 gives the means and sténdard deviations for all of the
test conditions and all of the‘targets. Inspection pf the tabled values
will reveal a remarkable similarity between the mean acquisiticn times
for all of the conditions. 7The range 1is only from 5.5 seconds to 7.0
seconds. The standard deviations for these means show a similar lack of
variability between conditionms.

Appendix C graphically presents acquisition times for thé various
targets with and without an aiming reference. The reader is directed to
these figuce; if he/she has any special ipterest, bﬁt it should be noted
that the actual differences between the bars is very small.

Appendix D showslthe frequency distribution of times, both with and
without the aiming reference. These distributions are mainly note&orthy
for their negative skewnesé. This is typical of latency type measures.

‘Figure IV-4 displays learning curves for various conditions over

four blocks of trialc. Each curve presents the composite performance of

the seven subjects. It is interesting to note that in the majority of
the condit#ons, performance continues to improve with practice, even
over 112 trials. This indicates that the task of accurately controlling
turret movement is very difficult and that considerable practice would
be required before a plateau in learning would be reached. This aiffi-
culty in learning is most likely due to the considerable lag and non-
linearity between control movemen£ and systcm response.

Analysis of variance. The data from the study were then subjected

to an Analysis of Variance (ANOVA). The design of the study permitted

.

the use of a five-fa~tor factorial ANOVA (aiming reference x training
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Conditions

TABLE 1V-3

All conditions with and without aiming reference

All conditions with aiming reference

Al} conditions without aiming retercnce

' Cupola forward/closed hatch
Cupola rear,closed hatch
Cupcla forward/open hatch

Training & test with airing reference

Training & test without alming reference

Cupola forward/closed hatch
Cupola rear/closed hatch
Cupola forward/op. .o natch

With aiming reference (train.np targets)

Cupola forward/closed hatch
Cupola rear/clozed hatch
Cupola forward/open hateh

With aiming reference (test targets)

Cupola forward/.losed hatch
Cupola r.ar/rlosed hatch
Cupola forward/op-n hatch

Without aiming reference (training tary ts)

Cupola forward/clesed hatea
Cupola rear/closed bar b

Cupola forward/oper b

Without aiming reference (test targets)

Cuprla forward/. loscg hateh
Cupola rear/c'osed hatch
Cupoia forward/open hatch

NOTE: Each subject performed a total of 120 target acquisition engagements;

420

420

140

- 140

130

112
112
112

I8
28
28

110
112
12

28
g
28

= RO I- N

"Acquisition Times in Seconds for All Conditions and Targets

6.1
6.2

6.1

oo -~ oo v o

-

thus, each mean {s hased on measurements of acquisitfon time.
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Time (Seconds) Time (Seconds )

Time (Seconds)

7.0 -

6. 04

Training Targets
With Aiming 1ming Re%erence

Condifion: Cupola Forward/Closed Hatch

7.0

6.0 A

5.5

v L L § L

] : Taest . of 28 trials per block
Block of Trials* *4 blocks of Is p

Condition: Cupola Rear/Closed Hatch

7.5 9.

7.0 4

L3 |} r i S
1 é 3 4
Block cf Triils*

*4 blocks of 28 trials per block

Condition: Cupoia Forward/Upen Hatch

6.0 4

Y Y Y
i b 3 4

‘ *4 blocks of 28 trials per block
Block of Trials* .

FIG. IV-4. Mean time to lay on target (cont'd)
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F16. 1v-4 (cont'd)

Time (Seccnds)

Time (Seconds)

Time {Secends)

© ek e S 7 o

Training Targets
Withcut Aiming Re erence

Condition:

7.5 4
7.0
6.04
5.0+
L { 1 1
i 2 3 4
Block of Trials* |
Condition:
6.01
5.04
T ] | SR |
1 2 3 4
Block of Trials*
‘ Condition: Cupola Forward/Open H
7.4 4 .
7.0
6.0

L \J R 4 T
1 2 3 4
Bluck of Irials*
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Cupo]a'Forwérd/Closed

Hatch

*4 plocks of 28 trials per block

Cupola Rear/Closed Hatch

*4 hlocks °f. 28 triais par blo-¥

atch

*4 blocks of 28 trials per pYock
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condition x'cuﬁola ﬁosition x target x subjects), Trials were not
included as an experimental factor because different numbers of trials
were performed under training ard test conditions. Each subject re-
ceived a score for each treatment condition that was a mean of the
trials he had réceived unde: that condition. fhis is a particularly
powerful form of ANOVA which, ho#ever, is very cumbersome to compute,
The ‘analysis allows téstiné of all main‘effects and all interactions
and, as it ig generally computed, offers a seéarate error term for each
comparison. »However, for the present case, it was decided not to pré—
sent any of the interactions of a higher crd:cr than the three-way. This
decision was based on the observation that :I'z four-way interaction was
not significant, and of little experimenta. interest. Therefofe, the
- four-way iInteraction was pooled with the error terms‘for all other
factors and interactions, yieldiné a single error term with 294 degrees
of freedom. |
| The results of the ANOVA are presented as Table IV-4. A brief
survey of the tabled F values will reveal that none of .them approaches . }
significance. Thus, the null hypothesis of no difference between the

experimental conditions cannot be rejected.

CONCLUSIONS o [
Although this investigatiqn was concerned oﬁly with the acquisition
of stationary targets from a stationary tank, the results are quite
heartening. No degradation was observed in target acquisition perfor-
mance in the closed-hatch mode. Furthermore, the modal time of five
seconds indicateé that a first round could usually be fired Qithin six

or seven seconds, even in the closed-hatch mode. This result was sur-
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Table IV-4

Analysis of Varilance Results

Fartor ss df us F
A 10.1 1 10.1 22
TT 0.7 1 0.7 02
cp 27.6 2 13.8 .30
T 14.7 3 4.9 .11
Ss 368.8 6 | ' 60.6

Ax Tl 0.1 1 0.1 00
A x Cp 9.2 2 v 4.6 10
AxT 4.7 3 16 .03
TT x Cp '5 6 2 . 2.8 06
T x T.‘ 3.7 3 1.2 .03
Cp x T 13.0 ‘ 6 2.2 .05
A x TT x Cp 31.2 2 15.6 .34
AxCpxT 32.4 3 10.8 .23
TT x Cp x T 36.6 6 6.1 ©L13
Error 13,580.6 294.0 46.2

TOTAL 14,135.0  335.0

A = With aAd without aihing reference

TT = Training and test conditions

Cp = Cupola positions

T = Individual targets

Ss = Subjects
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prising,'as TCATA reﬁoréed mean detection-to-engagement times ranging
from 9.6 to 18.8 seconds. The task in the present research was somewlat
simpler tiaun that faced by the TCATA test participants. However, the
times obtained in fhe present stud& were considerably lower than ex-

pected based on the previous work.
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APPENDIX A
TEST SCHEDULE

Order oi Test Conditions

T. Open Hatch Acquisition: No Speed Control, Cupola Forwar”
II. Closéd Hatch Acqui%itién: Controlled Speed. Cupola Forward
III. Closed Hatch Acquisition: No Speed Cortrol, Cupola Foryard
IV. Closed Hat;h Acquisitioﬁ: ‘No Speed Cﬁntrol, Cupola Rea;

V. Closed Hatch Acquisition: Controlled Speed, Cupola Rear

Order of Tank Acquisition Conditions Among Subjects

1st Day . - 2nd Day 3rd Day
I B & _ 111
1 11 | | I
Imr - o 11
v v 1v
v | v v
Target Tr 1:1_]5_

Each subject acquired four different targets under each oonditibn. The
target acqulsition sequence was randomized among the four targets for
edach subject.
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A. W/0 Aiming
1. Cupola
2. Cupola
3. Cupola

¢, ‘W/0 Aiming
1. Cupola
2. Cupola
3. Cupola

T e e R I b € W

APPENDIX B

TANK ACQUISITION CONDITIONS

Training Targets

Referance
forward/closed hatch
rear/closed hatch
forward/open hatch

W=

.

Test Targets
Reference ‘ D.
forward/closed hatch

rear/closed ‘hatch
forward/open hatch

W/ Aiming Reference

Cupola forward/closed hatch
Cupola rear/closed hatch
Cupola forward/open hatch

W/ Aiming Reference

1. Cupola forward/closed hatch
2. Cupola rear/closed hatch

3. Cupola forward/open hatch

Order of Tank Acquisition Conditions Among Subjects

-1
Al
™G A2
A3

Cl
TEST c2
‘ C3

Bl
TNG B2
B3

' p1
TEST D2
D3

§-2 5-3 S-4
B1 B2 AT
b2 B1 Al
B3 B3 A3
D1 D1 c1
D2 D2 c2
D3 D3 c3
A2 Al B1
Al A2 B2
A3 A3 83
c1 c1 D1
c2 c2 D2
c3 c3 D3
IV-28

5-5  S-6 s-7
At Bl B2
A2 B2 "Bl
A3 B3 B3
c1 D1 Bl
c2 D2 D2
c3 D3 D3
B2 A2 Al
B1 Al A2
B3 A3 A3
‘p1 . ¢l c1
D2 c2 c2
D3 c3 c3 ;

gt S AT 7 A .
e e —— Oy W T3 oo e 2l




Target Trials

Ta. yet acquisition sequence was balanced across each of the two sets of
tariets used. Each set consisted of four targets. Below are examples
from original scores sheets:

Condition: Gun Forward/Closed Hatch

Trial Target Target ‘Ta:get Target
1 g 4 1 2 3
2 : 3 2 1 4
3 1 3 4 2
4 2 4 3 1

Condition: Gun Rear/Closed Hatch

Trial Target = Target Target Target -
1 3 2 1 4
2 1 3 4 2
3 2 4 3 1
4 4 1 2 3
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APPENDIX C TO-CHAPTER IV

TARGET ACOUISITION TIMES WITH AND WITHOUT AIMING REFERENCE
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7.04

5.0+

Performance Times: Inner vs Quter qmwwmﬂm
Training Targets

Without Aiming Reference

INHER OUTER
Target #3 Tar
. . get #4
(L-R) % : (L-R)
% .
Target #2 %
(R-L)

&

ied ARG e vl

AT

. Cupola Forward/Closed -

888 cupola Rear/Closed

s Cupola Forwaru/Open

5.0
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Performance Times: Inner vs iuter Targets
Jest Targets

Without Aiming Referenc:

INNER ouTER
N.NL um«,nm,m & A3 Cuonla Forward/Closed -
7.0 {L-R) aglvenia TO /
%wccaw Rear Closed
u‘\ Cupdla FTorware,/ Cpen
6.0~
5.0
8.6 , With Aiming Reference .
8.0+ . ™
2
. -
7.0+ ,
6.0 - -
.0~




Time

(Seconds)
17

16
15
14
13
12
11

10

APPENDIX D

DISTRIBUTION OF TARGET ACOQUISITION TIMES

No. Responses No. Responses Combined
W/ Aiminz Reference ¥W/0 Aiming Reference Totals
- 1 1
1 1 2
1 1 2
1 1 2
3 3 6
2 - 2
2 5 ' 7
13 7 20
23 10 33
36 32 68
84 73 .157
113% 93 206
104 134% 238%
s 52 87
2 5 7
- 2 2"
N = 420 N = 420 = 840

*Modal score for each category.
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CHAPTER V

TANK CREW MEASURES OF EFFECTIVENESS

In case of hbﬂtilities in central Europe, friendl!y forces are ex-
pected tc be greatly outnumbered. In order to survive and win in such
circuﬁstances, they must be the best trained and mostveffective fight ing
force in the world. In order ;o ensure maximum effectiveness of US
forces, Measu'n~s of Effectiveness (MOE; for all aspzcts of armored
operations must be derived so‘that commanders can evaluate their own
crews, discover deficiencies, and take currective‘measures.

MOE can be classified for purposes of discussion into those con-
cerned primarily with miiitary hardware, and those concerned primarily
with the personnel who operate the hardware. MOE for military hardware

. are generallf explicit, quantitative, and specifigd prior'to developrent
in the Required Operational Capabilities (ROC) document. Tiring fates,
effective ranges, maximum march order and ewplacement times, rean .11
cular miss distances, and single shot kill probabilities against parti-~
cular targets are frequently employed examples. Tgsts to detérminé
whothep an item of hardware meet: such ¢% ~~tiv:s are conducted unde
carefully controlled conditions, with every effort bring made to ensu »
proper maintenance and operatioﬁ of the system. However, deteimining
the efficiency or capability of the hardware is not the purp;se of this
research. Our objective is determining the efficiency and aspability of
‘the crew in making maximum use of the system as 7% 7is. The ultimate
goal of this research is to derive M " to determine exactly how well"

crews are meeting that objective.
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Effectiveness, or potential effectiveness, of operator persénnel is
typically determined by the employment of job proficiency tests. Harris,
gg}gl.,z identified five areas in which job proficiency tests played an
important role in decision making. Thesc are:

1. Evaluating training
2. Evaluating MOS proficiency
3. Evaluating changes to the personnel system
4. Conducting personnel research
5. Determining unit readiness.
The primary focus of this effort, as implied by the title, "Iank Crew
Measures of Effectiveness," is on the fifth area cited by Harris and his
" co~workers. However, iﬁ must be pointed out that MOE must do much more
than simply indicate a readiness staﬁus. To be maximally useful, these
measures must also provide diagnostic information. That is, they musg
tell us exactly where any deficiencies in performance vccur. Without
such information, corrective steps cannot be taken, and the ultimate
goal of most ovaluation is the elimination of deficiencies or short-
comings. Lihnerefore, when evaiuating readiness, one is also evaluating
training, and developing informatioﬁ to feed back to training managers.

In stating that an individual, a crew, or a larger personnel unit

is "effective," we typically imply ﬁhat some predetermined standard has

been met. For example, we might provide a standard such as the following:

I3, u. Harris, R. C. Campbell, W. C. Osborn, and J. A. Boldovici.
Development of a Model Job Performance Test For a Combat Occupational
Specialty, Volume I. Test Development; Volume II: Instructions and
Procedures for Conducting a Functionally Integrated Performance Test,
Final Report FR-CD(L)-75-6, Human Resources Research Organization,
Alexandria, Virginla, November 1975.
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Given (a) a stationary M60A1A0S tank with the main
gun battlesighted with SABOT, (b) an operational
gunner's day periscope, and (c) a moving tank
target that is visible at less than 3200 meters
without artificial light during the day; gunner'
will open fire within 16 szconds, and neutralize
the target within 24 seconds of the alert element
of the tank commander's command, using no more
than two rounds.? '

If the gunner meets this performance standard, he is rated an effective

guﬁner. If not, he is deemed ineffective, and is typically given

ref:resher

training. However, scoring is typically on'a "GO" or "NO-GO"

basis. Gunners may receive extra credit points for exceeding the stan-

dard by some given amount, but those who fail to meet the standard are

simply considered failures. In other words, the standard represents the

minimum acceptable level of performance.

Against this background, it would seem that to develop tank crew

MOE, it would only be necessary to determine what tank crews do, and

develop minimal acceptable standards of performance. ‘In concept, this

seems simple enough. However, as will be seen in the following sec-

tions, the problems involved in deriving MOE are both numerous and

" difficult.

Background and Approach

At the outset, three objectives were set for this phase of the ro

search on

tank crew MOE. These were:

a. To determine what set of MOE were currently being
employed by commanders, and to assess their
reliability and validity for combat.

2
MEOATAOS

R. E. Kraemer, J. A. Boldovici, and G. G. Boycan. Job Objectives For

Tank Gurmery, Research Memorandum 76-9, Human Resources

Research Organization, and Army Research Institute, April 1976.
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b. To determine what critical func.iuns were not
currently being evaluated.

c. To propose a research program to dévelop the
necessary information to derive MOE fo~ those
critical functions not being currently evaluated.

These objectives were to be met by first surveying all of the ongoing
" and previous work in the area to determine what gaps needed to be
filled. Therefore, as a first step, an attempt was made to locate
literature dealing with MOE, and to discover what other miiitary agen-
cles were conducting relevant work. Early during this step it became
apparent that technlques for evaluating the performance of crews or
larger personnel units were still in their infancy. Wagner, et al.,
summarized the state-of-the-art in team training and evaluation stra-
tegies. While this work was not specifically direéted toward tank
~crews, a tank crew is encompassed within the authors' meaning of the
term "team." Borrowing heavily on the definition of a team presented by
Glaser, Klaus, and Egerman,4.w53ner and his co-workers define team
training as:

The t 'aining of two or more individuals who are associated

together in work or activity. The team is relatively rigid in

structure and communication pattern. It is goal or misstion-

oriented with the task of each team member well-defined. The

functioning of the team depends upon the coordinated partici-

nation of all or several individuals. The focus of team

training and feedback is on team skills (e.g., coordination),
activities and products.

3y, Wagner, N. Hibbits, R. D. Rosenblatt, and R. Schulz. Team Training
ana Evaluation Strategies: State-of-the-Art, Technical Keport 77-1,
Human Resources Research Organization, Alexandria, Virginia, February
1977. :

. Glaser, D. J. Klaus, and K. Egerman. Increasing Team Proficiency
Through Team Training: 2. The Acquisition and Extinction of a Team
Response, Technical Repert AIR B64-5/62, American Institutes for
Research, May 1962.
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This report ﬁoints ouﬁ, that while the military services conduct up to

90 percent of their training in the operational commands, most tréining

resea, ch has been focused on individual training in institutional

gsettings. For example, in FY 1974, the Army Research Institute (ART)

conducted the largest program of unit training aﬂd evaluation research
in histqry. Yet, less than two million dollars (only 11 percent of the
human resources research budget) ;as spent in\this area, although spo-
radic work wag‘condueted over the previous ZO years. ‘Therefore, many
gaps were found to exist in state-of-the-art team -training strategies
and evaluation techniques.

Although Wagner, 25,21,5 reported that work specific to team train~
ing and evaluation was comparatively sparse, the present authors found a
consideragle body of literatufé déaling’with MOE in general, and some
dealing spécificaliy with training effectiveness and operational éffec-
tiveness. For‘éxample, TRADOC PAM 11—8,6 éost and Operatiénal Effec~
tiveness Analysis Handbook, and TRADOC PAM 71—10,7 Cecst and Traiﬁiﬁg

Effectiveness Analysis Handbook, obviously deal with the concepts of

+ operational and training effectiveness. Howéver, upon closer examina~

tion these two publications are of only marginal value for the present

research. TRADOC PAM 11-8 is oriented toward an evaluation of the

5Wagner, et al., op. ctit.

6TRADOC PAM 11-8. Cost and Operational Effectivencss Analusis Handhook,
US Army Training and Doctrine Command, Fort Monroe, Virginia, November

1974,

/TRADOC PAM 71-10. Cost and Training Effectiveness Analysis iandkook
(Draft), US Army Training and Doctrine Command, Fort Monroe, Virginta,
November 1976.
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operational effectiveness of new materiel, different organizational

concepts, and different operational concepté. The techniques described
for assessing effectiveness do not seem to be applicable to assessing
the performance of personnel. In fact, PAM .11-8 piovides virtually no
advice on the selection of MOE., Its authors assume that the MOE will be
provided by an agency other than the cne actualiy conducting the analy-
sis. The pamphlet states:

Selection of the MOE is a subjective process

based on how the proponent believes force

effectiveness may best be assessed. Its

selection is the responsibility of the pro-~

ponent, with analytical advice when necessary

to ensure that the particular MOE can be

quantified.
As can be seen, responsibility for the selection of MOE is fixed with
the agency desiring the analysis.\ However, no documents to guide the
proponent agency in the selection of MOE have been located. Neverthe-
less, it can probably be assumed that the testing agency would attempt
to eliminate the human element to the greatest extent possible. Other-
wise, an inferior item of materiel or a poor organizational or opera-
tional concept might be chosen simply because of differences in
personnel., A warnlng zguinst this possibility is found in another
document concerned with the type of exercises that should be employed in
testing materiel. It 1s pbinted out that free—wheeling, two-sided FTX
type of exercises '"...instead of tests of the developmental materiel,

... amount essentially to tests of the people operating the equipment;

.."8’9 Since 1t is precisely that which is desired in this research,

Bys Department of the Army. Final FReport on Special Study, Methodology
Investigation For Measures of Effectiveness, TECOM Project No. 9-CO-00C-
000-007, US Army Armor and Engineer Board, Fort Knox, Kentucky, August
1971.

91talics added by autﬁors.
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i.e., to test the people operating the equipment, the excellent guidance
provided in TRADOC PAM 11-8 is simply not suitable for personnel or

5

training evaluations. '
TRADOC PAM 71-10; "Cost and Training Effectiveness Analysis Hand-
book,"” discusses Measures of Training Effectiveness (MOTE) at some
length. However, it clearly states that the analyst will have to
develop his own. For eiample, the publication states: "At the present
tine therc appears to be no universai, én—the-shelf MOTE for CTEA. If
the& exist, CTEA experience has not been sufficiently accumulated to
identify them." The document does, however, suggest sources of informa-
. tion which are described as being either theoretical, empirical, or
analytical in nature. It also suggests that typical MOTE ;re hit accu-
racy, pretraining/posttraining changes 1in pe}formancé, navigational
error, performance retention, rate of skiil acquisition, and correctness
of decision. This listing is by no means intended to be exhaustive, and’
it is'still left to the'analyst to decide which MOTE are approprinte “or
his situation. Even assuming s6me of the above listed,aré judged ap -
propriate, the analyst must still decide on what quantity of each is
minimally acceptable.. For ex§mp1e, for "hit accuracy,"” he must decide
what percentage of hits, or what mean miss distancé constitutes effoec-
tive performance. Hopefully, guidance on these matters can be found 1
the theoretical, empirical, and analytical sourzes refarred to earlier,
but much still remains for the analyst to do. 1In brief, this pamleet‘
outlines a methodology for the development of MOE, but leaves much to
the judgment, ingenuity, and hard work of the analyst. Therefore, it;

immediate usefulness in the present research is limited.




e s

Literature concerned with MOE is relatively pientiful. In fact, a
bibliographic search of literature available through the Defense Docu-
mentation Center (DDC) revealed 149 décuments which used either the term
"Measure of Effectiveness" or "Measures of Effectiveness" as an identi-
fier. However, most of these proved to be cnly marginally relevant.‘
?he vast majority were concerned solely with hardware parameters (e.g.,
hean ﬁiss distance of a bench-fired weapon). ‘Those céncexned with
operatibnal‘effectiveness tended to be highly specific ‘o both hardware
and operational situations (e.g., see Hammell, et g;.]J) Those con-
cerned with training effectiveness tended to be either oriented toward
individual tfaining, or were very broad and theorétical in nature (e.g.,

see Lyons11

or Bond and RigneyJZ). This does not mean that there was nc
relevani information in'tgese reports. Mahy ot the notions discussed,
problems encountered, and MOE Jescribgd provided considerable food for
thought. However, the ipforﬁation useful to this present effort was
largely general or theoretical in nature, and constituted only minor
portionsléf some of the reports.

A few reports, some located through bibliographic search and some

through other sources, dealt specifically with the developmcnt of MOE

]OT. J. Hammell, C. E. Gasteyer, and A. J. Pesch. Advanced Officer Tactics
Training Device Needs and Performance Measurement Technique - Volume I,
TR:NAVTRAEQUIPCEN 72-C-0053-1, General Dynamics Corporation, General

Boat Division, Groton, Connecticut, November 1973.

113, p. Lyons. "Measuring Effectiveness: 'Quality Control of Training,"
Paper for New York University First National Annual Training in
Business and Industry Conference, New York City, March 1972. (Included
in HumRRO Professional Paper 16-72, Human Resources Research Organiza-
tion, Alexandria, Virginia, July 1972.)

12y, . Bond, Jr., and J. W. Rigney. Measurement of Training Outcomes,
71 chnical Report No. 66, Behavioral Technology Laboratories, University

of Southern California, Los Angeles, California, June 1970.
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for‘assessing performance of crews or larger teams. A very few dealt
specifically with tank crews or tank platoons. All of these were cbn-
sidered to ﬁe highly relevant. However, the more recent works dealing
with tank crew or platoén performance were devoted almost exclusively to
gunnery. . In addition, they were essentially progress reports, indi-
cating that the work on MOE was as yet incomplete.

Without further belaﬁoiing the point, after examining the available ‘ ;
literature and contacting other agencies involved in armor research, it
became obvious that the apﬁroéch to the problem wouldlhave to be changed.
There was no set of MOE in current use as implied in the first objective.
in'fart, the gunnery tables, especially Table VIII, appeared to be the
predominant and only consistently used MOE for crew evaluation.l'3
Despite the fact that Table VIII has obvious faults;]4 there are simply
no other accepted measures available'to commanders. Furthermore, vir-
tually all of the work in progress is also directed toward the gunnery
functions. Therefore, the second of the original obsectives is reduced
to the determination of critical frnctions outside of gunnéry. None of
these other critical functions appear to be evaluated at prescnt. The

third objective, that of proposing a research progrém to Jeve'lsp the

necessary information to derive MOE, remains.unchanged. However, it
takes on increased significance, as it now appears that this ccuild L. a

truly major research effort.

]SJ. A. Larson, W. K. Earl, and V. A. Henson. dssessment of US Tank rew

Tragining, TCATA Test Report No. FM 321, Final Report (23 March 75 - 15
March 76), Headquarters, TRADOC Combined Arms Test Activity, Fort Hood,
Texas, July 1976.

14p. F. Gorman. '"Trends in the Army's Training System," Presentation made
to the Army War College, Fort Leavenworth, Kansas, 21 January 1977.
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After examining the literature and discussing mutual interesté with
other interested asencies, a new approach to the problem for this phase
of the research was chosen. It was deéided that the first phase should
be a study and discussion of:

a. The problems associated with the development of
MOE for team evaluations.

b. Current approaches to training and evaluation
of teams.

c. Research priorities for the development of tank
© - crew MOE.

The remainder of this chapter is divided into sections which corre-

spond to the three areas listed above.

Protlem Areas

Defining effectivensss. In his discussion on the meaning of effec-
1o

tiveness, Hale takes é historical look at MOE for one of our simplest
weépons -~ the rifle. He points out that originally accuracy was the
primary MOE. Accuracy wac operationally defined as the percentage of
rounds that could be plaéed in a given size circle at a specified range
when the weapon was bench fired. Somewhat later, rate of fire was
included as an MOE. Accordiqg to Hale, it was not until around 1960
that the number of MOE began to expznd sigrificantly. It was realized
that a highly accurate rapid fire weapon was of little value unless it
were completely functional. If the weapon malfunctioned frequently, or

required excessive repair time, its value would be greatly limited.

Therefore, the concept of "availability" came into being as an MOE.

154 R. E. Hale. '"The Selection of Measures of Effectiveness For Smail

Arms Experiments,' Masters Thesis, Naval Post Craduate School,
Monterey, California, March 1974. ‘
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Measures of availability such as Mean Time Between Failures (MTBF) and
Mean Time to Repair (MTTR) were derived. However, the primary reason
for‘the proliferation of MOE was the recognition that effectiveness was
mission dependent. For example, the weapon charactefistics desirable
for a sniper rifle are quite different from those required for a weapon

designed primarily for suppression. In selecting a rifie, a sniper

would be primarily interested in accuracy and rarge, but would not be

too concerned about rate of fire. On the other hand, the soldier with a
suppression mission would be very concerned with rate of fire. However,

his vi s of and requirements for availability would be quite different.

"A rifle which malfunctioned on the average of once for every 200 rounds’

fired might seem highly available to the sniper if repair could be
easily effected. However, such a weapon might seem woefully inadequate
to the soldier attempting to keap the enemy pinned down or trying to
repulse an attack.

As can be seen from the above example, defining and selecting cri-
teria of effectiveness is not an easy task. ' The magunitude of tﬁe.problem
increases even further with increases in the complexity of the weapons

system. Tor example, Single Shot Kill Probability (SSPk) is a frequently

"employed MOE for antiaircraft missiles. However, consi-lzer the problem

- of trying to choose the more effective system between . rvassile and an

antiaircraft gun system. SSPk is obviously not a suitable criterion for
comparing the two systems. The operations researcher might choose a
measure such as the number of kills per 100 térget passes as more reasou-
able. However, employing this criterion alone, the missile system would

undoubtedly still prove more effective. This measure alone is simply

v-il




not adequate upon which to base a final judgment. The cost of the
missile system per targe£ pas§ is likely to be many, many times that of
the gun.v Therefore, the number of systeﬁs which can be deployed would be
fewer. It follows then, that with thianer assets, area coverage would
likely be less with the missile system. The question then is whether
the missile system would actually provide more protection. Also, the
missile system is likely to be much more difficult to support lggisti—
cally, thus greatly reducing its availability. Therefore. if the
decision maker takes into account cost, availabilitf, and area coverage,
he may conclude that the gun system is actually the better choice despite ‘
its smaller kill probability'per target pass. Upfortunately, there are
no strict agreed upon guidelines for choosing MOE or for weighting them
in a final decision.
VWhile the above example was hypothetical, the fa:tors aiscussed are

16 and Zophy17

nevertheless real. An actual example cited by both Hale
serves to illustrate this fact. In the early phases of WWII a great
many merchant vessels were damaged or even destroyed by aircraft attacks.

As a consequence, merchant vessels were equipped with antiaircraft guns

and crews. After a period of time it was discovered that only four

percent of the attacking enemy aircraft were actually shot down. This
led some to conclude that the systems were ineffective on ships and
could be better employed eléewhere, where kill rates were higher

Employing this MOE, the decision seemed inevitable. However, further

6rpd.
7%, . Zophy. '"Methoddology for the Evaluation of Air Defense Systenm
Effectiveness,'" Masters Thesis, Naval Post Graduate School, Monterey,

California, March 1975.
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examination of the daté revealed that the antxaifcrnfl‘fire greatly
reduced tﬁe lethality of the enemy attack. In fact, the inclusion of
antiaircraft weapons virtually halved ;he probaﬁility that a ship would
be sunk. Viewed in this light, the systems were considered highly

effective. ’

The above discussions should suffice to demonstrate that the selec-
tion of the wrong MOE,.or the exclusion of‘cfitical MOE, can lead to the
wrong decisions about eifectiveness. Yet, the selection of MOE is
largely an intuitive process. And, all too nften,‘it is feared, in-
tuition is guided more by expedience tﬁan by logic: That is, the MOE
selected are those which are most easily meésured.

Although’the foregoing discussion centered on MOE for weapons

system effectiveness, the same problems of definirion and selection

‘exist in assessing the effectiveness of individuals; crews, or even

larger units.

Defining team effectiveness. 1In the past our attempts to assess

effectiveness havé been directed almost excluéively to either hardware,
as discussed above, or to individuals performing specific jobs. Large-
scale scientific approaches to the measurement of individu: job perfor-
mance in the military began'during WWIlf‘ Tﬁe US Air Force pioneered
this effort. vTeéhniques for analyzing jobs into tgsks and subtasks Qere
developed. Normally, those tasks which were highly critical, performéd
frequently, and perforﬁed early in the job gnvironment Qere selected for
training. The remaining tasks were left for On-the-Job Training (0JT).
Individual performance was assessedlﬁy measuring actual performance on

selected tasks. The individual was given a task, all of the necessary
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equipment, a list of conditions under which the task was to be perform-
ed, and the standards by which he would be judged. The techniques and
procedures for accomplishing these processes are well worked out and

documented (e.g., TRADOC PAM 350—30?8). Unfortunately, comparably

detailed procedures'hqve not been developed for the specification and

analysis of jobsvto be performed by larger units such as crews, though
guidancé wés‘provided in TRADOC PAM 350—11.19 As a member of a cfew,
the individual does not perform in isolation. Rather, he performs in
the context of some larger operation. He must not only be able to
perform each of his piescribed tasks to a predetermined criterion, he
must also recognize the stimuli which require the tasks to be performed,
nust perform the tasks in the correct sequence, and must interface with

other individuals as required. As a crew member, the individual func-

'

‘tions as a part of a total system involving equipment and other per-

sonnel., The effectiveness of this system is dependent upon the success-

' ful performance of all the individuals involved, working not in isolation

but as a team. The measurement of system pefformance or effectiveness '
where such interdependency exists has been given serious considerafion
only recently.

One of the proLlems associated with the evaluation'of team effec~
tiveness haé been the inability of investigators to agree on what
Aifferentiates team aﬁd individual tasks. Most investigators agree that

it is wasteful of effort to mersure performance in a team context when

I81RaDOC PAM 350-30. Interservice Procedures for Instructicnal Systems

DeveZopment, US Army Training and Doctrine Command, Fort Monroe,
Virginia, August 1975. '

19 . , . , .
TRADOC PAM 350-11. Training: Systems Engineering of Unit Training,

US Army Training and Doctrine Command, Fort Monroe, Virginia,
January 1973 (not current). :
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the performance is actually nothing more than an aggregate of individual

‘perfotmances. Individual job skiils can almost always.be measufed more
easily, completely, and cost effectively through individual job perfor-
mance tests. It is felt that measurement of performance in a team

" context should be reserved fof only those taské which are truly team
tasks, that is, tasks which require cooperation or coordination to the
extent that skills must be pfacticed in a team situation in order to be
optimized. Efforts to differentiate bet&een‘team and individual tasks
have centered around such words as hcoope’ration"/"coordination" and
"interdependence.”" As a background for discussion of this problem let
us consider some distinétions made by Alexander and Cooperbandzo in
their discussion of modelé for team training. They refer‘:o team train-
ing paradigms as being either "stimulus-response" or "organismic" ‘in
.nature. Stimulus-response models call for "established" task situ- ' ,

ations. That is, the sequence of task performance and the activities

involved can he almost completely specified. Also, the aésignment of
task functions émong crew members and the equipment they operate are
viftually fixed. Tasks in the organismic model are referred to ars heir
"emergent.” In emergent situations, decision makiné, prohlem sol- ing
and sharing come to the forefront. The sequence of opérations is not
fixgd, and the allocation of functions is variable. An example of an
established task situation would te mail sorting assigned tovtwo postai
workers, one of whom is to sort maii by states, and the other of whom is

to sort the mail for one state by zip code. Errors made by the .f'rst

20L.. T. Alexander and A. S. Cooperband. System Training and Researah
in Team Behavior, Technical Memcrandum 2581, System Development
Corporation, Santa Monica, California. August 1965.
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worker can be corrected in part by the second. However, the functions

of each are well defined, coordination is minimal, and the actions of

each are virtually completely specified. In the present research, an

example of an emergent situation might be tank crew target acquisition.

All members of the crew are involved.

Neither the responsibilities of

each member nor the activities required of any individual can be pre-

c

isely specified. The crew's job is to detect targets, but who accom-

plishes the detection is not specifiéd, and the method is only loosely

implied. However, as will be seen later in this section, not all

investigators would conclude that this example is a team task.

In discussing established versus emergent situations, Hall and

«

1 .
Rizzoz essentially conclude that tasks performed in established situ-

atijons are not really team tasks. They feel that overall team per-~

formance in'established situations is simply the sum of the performances

of the individual team members. One team member cannot completely make

up for the shortcomings of another, as activities are specifically

a

1located to team members. Outstanding performance (e.g., significant

time savings in accomplishing an individual activity) on the part of

some members may in pért compensate for deficiencies in others, but

basically, every member of the team must perform satisfactorily if

overall team performance is to be satisfactory.

b

For a performance to be truly a team effort, Alexander and Cooper-

and22 stress that cooperation is necessary.

2

TE. R. Hall and W. A. Rizzo. An Assessment
Training: Focus on the Trained Main, TAEG
Analysis and Evaluation Group, March 1975.

%251exander and Cooperband, op. cit.
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Learning to cooperate means learning the strengths
and weaknesses of one another, learning when the
others want help and when they do not want it,
learning to pace one's activities to fit the
needs of all, and learning to behave so that one's
actions are not ambiguous.

According té this concept, activities are not specifically allocated,
and decisions about who does what are dependent upon the individual

skills of the team members and the particular situation. For example,

football teams adjust to each new opponent by changes in both personnel

and tactics in order to take advantage of known or suspected weaknesses, '

In other words, the team functions in whatever manner it feels best to

accomplish its objective -~ that of winning the game.

' Briggs and Johﬁstonzs would undoubtedly agree with the above analy-.

sis. Howe?er, they complicate the problems of definition even further
tﬁrough their discussion of the terms "seriél" and "pérallel." In
seriél tasks, a second action 1is depgn&ent upon the performance of a
first, The present éuthors feel that an example of a serial task can be
drawn from baseball,. Suppose the batter hits a ground ball toward the
shortstop. It is the shortséop's job to field the ball and throw it to
the first baseman. It is then the first baseman's job‘to catch the ball
and put a foot on ;he base.. However, noti-e tha; if the shortstop
misses the ball, the first baseman #ctually does not get involved at
all, nor is théré any actlon he can take to enéure overall team effec~
tiveness. In serial tasks, the su;cess'of the team is depgndent upén

the success of each individual doing his job properly in sequence.

23G. E. Briggs and W. A. Johnston. Team Training, Final Report,
February 1966-~February 1977, NAVTRADEVCEN-1327-4, Naval Training
Devices Center, Orlando, Florida, 1967, .
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According to Briggs and Johnston,24 éuccessful performance of a
parallel task requires everyone on the team to do his job. at the same
time, but individually. For example, engaging in a "tug-of-war" is the
present authors' conception of a parallel task. The effort of indivi-
dual A is not dependent upon the effort of individual B, yet toth may
contribute>equally to team success. ‘I; is true that team success may be
a function of their cooperation with a‘téam captain in response to his
order to "heave." However, the optimum performance of member A is stiil
largely independent of the perfprmance of member B, Logically, it does
not seemlthat A and B cooperate or are interdependent. Therefore, by
the definitions proposed, there is no "teamwork" involved, so there is
little reason for A and B to train together; However, teamwork may be
involved between the ;aptain and the individual members, as exact timing
may be crucial to success.‘ So ip one sens2, a tug-of-war téam is a
team, in another, it is not.

Let us now return to the tank crew in its attempts to acquire a
;arget. Is this performance a parallel performance, that is, does each
member do ﬁis job completely independent of the others? Some would

' others "no.”" Those who say "yes" would point out that

answer "'yes,'
each individual scans independently, that specific sectors can be as-
signed, and theréfqre, no teamwork ié involved. Those who say "no"
would point out that search sectors are not necessarily fixed. A crew
can adarnt to each thers' shortcomings by overlapping search sectors.

However, each and every crew may work différently -- making target

acquisition cooperative. Therefore, target acquisition fits the pre-

2471pid.
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dominant definitions of a team task. Both points of view can be de-
feﬁded, but neither mqkes.the task of deriving tank crew MOE any less
difficult,

Personal communicationszs from other investigators involved in the
trainiﬁg and evaluation of tank crews/platoons have indicated other
areas where the line between créw and individual tasks is "fuzzy." 1o
example; consider the overall crew task of firing on the move., The
driver must obviously maintain speed, and kéep the tank as stable as
possible.in all three planes. The question is whether this is an
individu#l driver skill, or whether performancé is deﬁendent upon an
interaction between the driver znd tank commander, and/or tge driver's
knowledge of how this particular crew performs in this situation. No
attempt will bg made to answer this question at tﬁis point. It is posed
simply to indicate the range of disagreement between wely-informed
investigators concerning the distinc£ion between team and individual
performances.

From the above discussion it m;y be concluded that there are no
clear-cut criteria for distinguishing between individusl and team tasks.
This presents a proﬁlem forlthe present research since team (in rhis
cése, crew) MOE‘are the ~bject of concern. It seems undesirable to

propose crew performance measures for tasks which are actually only

aggregations of individual task performances. However, failure to

identify performances which are in reality team performances might
constitute an even greaier crror, At present no solution to this prob-

lem of definition has been achieved. The reader interested ir pursuing

25Discussions with Dr. N, K., Eaton, Dr. D. W. Bessemer, and Dr. R. W.

Bauer, ARI Ficld Unit, Fort Knox, Kentucky, March 1977.
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this problem in greater depth should consult Wagner, et al.,”" cr Hall

and Rizzo.27
Despite disagreements on what kinds éf tasks are individual and
what kinds are team tasks, Wagner, éﬁ_gl.,gg concluded in their review
of the literature that team members must first master their individual
skills for a team to perform effectively. Therefore, individual traiﬁ—

ing and evaluation should precede team training in any case.

Problems with numbers. 1In attempting to fully describe the job

situations of the tank crew in gunnery, Kraemer, Boldovici, and Boycanzé
derived a set of 11 classes of conditions or variables that could affect
the crew's capability to successfully engage targets. Some examples of
these classes and the number of levels identified for egch of these
classes are shown in Table V-1, The term "levéls" as employed by the
writers refers to subclasses‘withinlthe main class. For example, there
are six kinds of ammunitioﬁ available for use by the M60Al crew. There-
fore? this variable has six levels. The determ?’nation of the number of
levels for these discrete variables such as types of ammunition, fire

delivery method, crew members, and weapons was obvious as they represent

. discrete "real world" conditions., The determination of the levels for

continuous variables such as range was done on logical grounds, and was

based on the effective ranges of the weapons, the fire control instru-

ments, and the types of ammunition that are typically employed at

ZSWagner, et al., op. etit.
274all and Rizzo, op. cit.
28Wagner, et al., op. etit.

29Kraemer; Boldovici, and Boycan, op. cit.
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Table V-1

Conditions and Levels Within Conditions*

Conditions : Levels Within Conditions
Weapon Main Gun

Coaxial Machinegun
Caliber .50 Machinegun

Fire Delivery Method Battlesight (non~precision for
machineguns)
Precision
Range Card
Range Card Lay to Direct Fire

Firing Vehicle Motion . Stationary
Moving
Target Visibility ‘ Visible Without Artificial Light

Visible With Artificial Light
Not Visible

Target Range ' ' <500 meters
‘ 500-900 meters

<900 meters
<1100 meters
1160-1600 meters
500-3200 meters
1100-2300 meters
1100-3200 meters
ALL

*Condensed from FIG. 2, page 2, R. E. Kraemer, J. A. Boldovici, and
G. G. moycan, Jol Ghjectives fop MEOAIANS Tank Gurnery, Research
Memorandum 76-9, Human Resources Research Organization, and Army
Research Institute, April 1976.




various ranges. If a tank gunnery objective were written for all pos-
sible combinations of levels, a total of 1,679,616 objectives would
result. However, the great majoritylof combinations are unrealistic
-(e.g., a moving bunker) and could be discarded. Judicious'combinations
of other levels reduced the total number of realistic combinations to
2257 After extensive review by experts, the number was increased to
240.30 More recently, the list was expanded to 266,31 Té test a crew's
ability to perform all of these job objectives would be time ccnsumiﬁg,
to say the least, and it must be remembered that these objectives cover
only tank gunnery. Description of the tank crew's total job would
require considerably more job objectives. Obviously, it is not feasibie
to measure job proficiency on all job objectives. Tests'designed to
measure effectivenéss will be able to address only a limited number of
the objectives. This need to select a limited subset of job objéctives

for measurement is likely to produce unfortunate results. Training is

almost_certéin to be concentrvated on those areas which will be tested,
to the detriment of other aspects of the job. As a ?esult, tank cféws
which appear proficient during the tesging may actually bé unable to
perform a number of tasks that may be necessary on the battlefield.
This error could be avoided by designing a largé nurter of tests, each
of which covered only selected aspects of the job, but in foto, covergd
all of the jobs. Crewmen would not be advised in a&vance as to which

tests or set of tests they would be administered. Therefore, training

303, a. Boldovici, G. R. Wheaton, and G. G. Boycan. Seleating Items For
a Tank Gunnery Test (Draft Interim Report), US Army Research Institute
“or the Behavioral and Social Sciences, Arlington, Virginia, August 1976.
31Personal communication from G. G. Boycan, Army Research Institute,
Arlingtor, Virginia, May 1977, ‘
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could not be slanted to the test. However, the deﬁelopment of tests is
expensive, and.th; resource réquirements‘for support of a large number
of possible tests would be obviously greater than for a single version.
Hence, this alterngtive is ﬁot attractive either. At the present time,
satisfactory solutions to this numbers p;oblem have not been found.

Reliability and validity. Measures of effectiveness employed in

evaluating military training or assessing operational rezdiness are
fréquently referred to as intermediate criteria. They are used in lieu
of the ultimate criteria ~- the ultimate criteria being.acthal combat
performance. To be of any value, thé MOE must be hiéhly predictive of
how crews would perform thése functions in actual combat. That is, it
must have predictive validity.

For an MOE to be valid, it must also be "reliable." That is, ic
must measare whatever it measures with consistency. A reliable test
(whether an MOL or other) will produce essentially the same results for
each crew tested whether it is administered today, tomorrmv, o +the day
after. For‘examp}e, if Table VIIT scores are reliable, a crew that
scores 1400 pointé today should score in the ﬁear vicinity of 1400
points tomorrow if the test ir repeate:!. Un'ess a test yields repent-
able results (i.e., is reliable), the test cannot be valid, that is, it
simply will noé predict combat performance very well. 1If a given crew
scored 1400 points on. one occasion and 400 on another, there would be no
way of knowing which (if either) of the scores was the "true" indicati
of the crew's cﬁmbat gunnery capability, .Both scores obﬁiously’cannot

be indicative. Therefore, reliabiiity is a'p:erequisite to validitv.
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Unless we validate an MOE by comparing scores with actual combat
perforﬁance data, we can only assume its validity. Hopefully, we shall
néver‘have the'opportunity‘to test validity, in this manner. However,
we can estimate the reliability of an MOE. Finding that it is reliable
does not guarantee ité validity, but finding that it is not reliable

does guarantee that it cannot be valid. Therefore, for the present we

‘can only assure ourselves that any MOE employed are reliable, and hope

that they are valid. For a more detailed discussion of reliability and.
‘ 32 '
validity, the reader is referred to Nurnnally.
Since Tab'e VILII is by far the most frequently employed MOE for

tank crews,33

it is essential that we know it to be reliable. However,
the 5ctual reliability of Table VIII | :s apparently never been deter-
mined. The only data located which even bear on. the subject are those
presented by Baerman and Eaton.34 They found a éorrelation of r = .68
between supervisors' ratings of tank commander motivation and Table VIII
séores.ss Since the correlation between two variables can be no higher
than the reliability of the less reliable of the two variables, this

result would indicate ‘that the reliability of Table VIII is at least

0.68, However, the Table VIII scores employed by Baerman and Zaton were

32J. C. Nunnally. Psychometric Theory, New York: McGraw-Hill, 1967.

33Larscn, Earl, and Henson, op. cit.

34y, p. Baerman and N. K. Eaton. "Crew Assignment and Training," Armor,
January-February 1977, 50-53.

35Personal communication from Dr. N. K. Eaton, ARI Field Unit, Fort
Knox, fentucky, March 1977.
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obtgined in a somewhat different manner than usual.® All crews fired
two roupds at each target, regardless of whether they were perceived to
have obtained a first-round hit. In addition, plywood targets rather
than cloth targets were employed, and scoring of hits was accomplished‘
by closeup examination of the targets after each crew had completed its
run. It was, of course, not possiblé to determine whether a single hit
was achieved on the first or second round, so any hit was given the same
score. While: these changes‘may not appear to be drﬁstic, it seems
probable that they had a significaﬁt effect on the scoring. Fof erxample,
the investigators originally had asked the observerg riding the tanks to
score hits, which is part of thé normal procedure for séoringiTéble
VIII. However, this practice was discohtinued shortly thereafter when
1t'was found that the observers' hit determinations were at variénce
with those made by the team closely examining fhe plywood targets. In
other words, had the normal scoring procedures been employed, the scores
obtained might ha;e differed sigﬁificantly from those resulting {r.m the
érocedures actually used. ift would appear that it is very difficult for
the observer to determine if a hit has been made, and it Is *herefore
likely that his jud#ment will be subject to considerable er:or. 1In su°h
cases, reliability of derived scores 1s typiéaily 10&. Therefore, the
reliability of Table VIII scorés, when obtained in the mannerldescribpd

in FM 17—12—5,37 is likely to be unacceptably low. - At the very least,

36personal communication from Dr. N. K. Faton, ARI Field Unit, Fort
Koaox, Kentucky, March 1977.

37 e 17-12-5. Tank Gwmery Training, US Army Armor School, Fort Knox,

Kentucky. ' '
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it seems that priority should be given to determining the actual re-
1iability of Table VIII scores through test/retest procedures.

-One further observation can be made concerning the Baerman and
Eat n work. There can be little doubt that’the techniques employed by
these researchers resulted in more accurate data on actual hits than
those normally employed. Therefore, it seémsvthat the Army could im-
prove iﬁs crew gunnery skills evaluations by investing a few more
resources in Table VIII scoring. . At least the reliability would likely‘
be improved.

Aithough objective scoring prdcedures usually result in improved
reliability, they do no£ always guarantee it. For example, Hemphill aﬁd
Secﬁrest38 examined the reliability'of a cherished Air Force MOE with
high assuméd validity -- that of crew bombing scores. Scores were
derived By meaéuring the miss distaﬁces between the points of impact and
the target. - The érew with the lowest mean miss distance naturally
received the highest score. Since the miss distances could be measured
quite accurately, there was no question but that the scoring was objec-
tive. However, Hemphill and Sechrest were able to obtain data on a |
number of crews who completed bombing runs on two separate occasionms.
They found the score to be very unreliable. In other words, a crew's
score on the first run was not pfedictive of its score on the second
run. Therefore, despite the objéctivity in scoring and the previéusly'
presumed high validity, the bombing scére proved to be a wortnless

indicator of crew proficiency.

A ) :
323, k. Hemphill and L. J. Sechrest. '"A Comparison of Three Criteria

of Aircrew Effectiveness in Combat Over Korea,' Journal of Applied
Psychology, 1952, 49, 1323-327,
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In many cases, an unreliable measure can be made reliable 1f suf-
ficient data are obtained. For example, 1f six heads and four tails are
obtained in ten flips of a coin, the evidence that the coin is biased is
very meagre. ﬁowever, if 600 heads are obtained in 1000 flips, :the
evidénce for bias is quite substantial. Many types of performance data
are similar in that a large body of data must be obtained before any
faith can be put in tﬁe results. Data on target detection in fileld
situations falls ingo this cafegory. The time elapsed between the
moment Line-of-Sight (LOS) is achieved and the target 1s detected is the
usual performance measure. Intuitively,‘it would be fool-hardy to judge
a crew's ability to detect targets on the basis of a single trial.
Intra-crew variability is simply too great. The question is: "How many
trials are needed”? The same question can be asked concerning any
number of other job functions including gunnery'performance..‘Few offi-
cers would be Qilliqg to judge a‘crew's Qaiﬁ gun gunneryxability on the
basis of a single round, but how many rounds are needed? Are enough
rounds fired in Table VIII to make a judgment, esﬁecially considering
the number of c&nditions involved (e.g., stationary tank/statio: v
target, stationary tank/moving iarget, eté.)? Can a judement be made
concerning capability in both Battlesight and Precision ergagements'
since §he crew has a cholce of mode and may use one almost to the
exclusion of the other? In other words, are enoughnrounds fired in any
single condition of tank movement, target movement, and engagement mode
to justify a statement that the crew is or is not qualified in that
condition? Only research into the reliability of gunnery measures can

answer these questions.
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Steinheiser and Snyder39 present a very interesting théugh téchni;
cal discussion of great relevance to the reliability questions concern;
ing Table VIII: Part of their discussion centers around the likelihood
that a crew will be considered to be proficient when it is not, or, that
it will be considered‘nonproficient when it is. It is beyond the scope
of this report to go into the theory and assumpt;oﬁs behind this work,
but a brief summary of one of the notions discussed will be presented.
To expedite an understanding, a small portion of a table presented in
their text is shown below as Table V-2. This table may be interpreted
as follows: (1) A score of 70 percent is required to receive a "pass-
'ing" grade, (2) there are 18 items (exercises, parts, whatever) in the
current Table VIfI, (3) 13 ifems must be passed to achieve 70 percent
overall, (4) five percent of fhe crews whose true level of functioning

(i.e., the average score they would receive if they fired Table VIII

Table V-2
Probability of Misclassification

Required | " True Level of Tank Crew Functioning

Mastery Table VIII' Passing
Level Length Score 50% 60% 70% 80% 907
(1) 70% (2) 18 (3) 13 (4) 5 (5) 21 (6) 47 13 1

over and over) is only 50 percent would by chance score 70 percent or
morc on any single test, and therefore, be considered proficient, (5) 21
pércent of the crews whose true level of functioning is only 60 percent

would by chance score 70 percent or more on any single test, and ther.:focre,

39F. Steinheiser, Jr., and C. W. Snyder, Jr. "Score Quality Issues

Related to Individual and Weépon Crew Criterion-Referenced Performance
Tests," Presented at Military Testing Association Conference, October 1976.
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be considered proficient, and (6) 47 percent of the crews‘whose'true
level of functioning was 70 peréent would by chance score less than 70
percent on any single test, and therefore, be judged as nonproficient,
even though they actually were p;oficient at the minimum acceptable
level. The likelihood of'misclassificationg of crews whose true level
of functiﬁning was 80 or 90 percent éan also be seen in the table. It
is obvious from Table V—ZIthat the likelihood that a given crew would be
| misclassified on the basis of a single'Table‘VIII exercise 18 quite high
‘ unless they were very proficient or exceedingly nonproficient. Also, it
must be remembered that for this example, Steinheiser and Snyder con- ‘
'sidered all items in Table VIII to be of equal importanee. That is, a

crew would be considered proficient 1f they paséed any 13 items. Suc-

cess in any pa;ticular combination of tank movement, target movement,‘or

engagement mode is not considered. A tank crew could be woefully in-
adequ;te in one combination and still be considéred proficient by doing
well in all others. |

Dafa will not be presented, but Steinheiser and Snyder show that
errors of_misclassification can be reducéd by doubling‘the Ieneth o f
Table VIII to 36 items, However, crews. near the bérderliue . the
minimum acceptable proficiency level are still likely to be misclassi-
fied.

In summary, those reponsible for the evaluétion of tank crews EE§E
- give serious consideration to the reliability of Table VIII or any other
MOE that is employed. Furthermore, they must realize that the validity

of these MOE can only be assumed.
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Resources. At the time of this writing, the Army is experiencing
one of tﬁe longest and most severe pepiods of austerity in its recent
history. Total strength is lower than in any recent period, and ex-
pendables suclh as ammuynition and fuel are stingily allocated. Yet, as
has been hinted in several of the previous sections, adequate evalu-
ations require considerable manpower, time, and materiel resources. in
the previous section on Reliability, serious questiéns were raised con-
cerning the adequacy of Table VIII for the evaluation of fhe several
aspects of gunnery. It was also pointed out that doubling the table's
length would result in fewer proficient crews being misciassified as
nonproficient and vice versa. Of.course, doubling the length, or even
adding any items would naturally increase resource reéuirements. It was
;130 pointed out in another section that 266 job objectives had been
derived for gunnery alone, and that considerably more resources would be
required to test all objectives than are currently being spent.

In less austere times, Baker and cook??

painstakingly constructed a
"Tank Platoon Combat Readiness Check." The final checklisf, including
instructions to the examiner, was approximateiy 90 typewritten pages in
length. The authors also.pcinted‘out that the entire evaluation took
app;oximatelyl30 hours to adminisfer, and required the use of "aggres-
sor” forcés. At the present time, most commanders would consider the

resources required for conducting such an evaluation to be out of the

question.

90R, A. Baker and J. G. Cook. The Development and Evaluation of the
Tank Platoon Combat Rewliiness Check, Research Memorandum, Human
Resources Research Organization, Alexandria, Virginia, April 1964.
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More examples could be cited, butvthe point should already be
ciear. The Army cannot adequately evaluate team’perforpance employing
the techniques it has used in the past unless additional resources can
be found. However, there are efforts in progress designcd to reduce
overail resource requirements wifhout sacrificing'training effectiveness
or evaluation adequacy. Simulation techniques, for example, are being
employed with inéreasing freéuency. especially in training. The associ-
' atedyreduction in resources used for érainiqg may releaée‘resources to
be used for other purposes such as evaluztions. Some simulation research
of great relevance to this present effort was conducted by Powers, et
21.41 As part of this effort, four groups of tank gunners were trained
employing -100 percent, 66 percenc, 33 percent and 0 percent live-fire.
There were no &ifferencés bntween the hit percentages of the four groups
in é live-fire posttrainiag test. Since the 100 percent grouplfired 24
.live rounds in trainiuy, it’appears that coﬁsiderable ammunition could
have been saved with nolloss in training effectiveness, Similar results
were obtained with two other weapons‘gystems. Nevertheless, the authors
did cﬁnclude that some live-fire ﬁraining should be counducted. However,
based on the results obtained, it must be concluied that the use of
simulation could greatly reduce ammunifion requirements for training
itgelf, releasing resources for tréining and operational effectiveness
evaluations.

Although the development of synthetic performance tests is still in

a stage of ‘infancy, this technique holids promise for further reduction

41T. R. Powers, M. R. McCluskey, and D. F. Haggard. Determination of
the Contribution of Live Firing to Weapons Proficiency, Final Report
FR-CD(C)~75-1, Human Resources Research Organization, Alexandria,
Virginia, March 1975.
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of resource requiremernts for some aspects of evaluation. Synthetic
performance tests are a type of simulation. However, the notions behind
them are somewhat different than for most simulations. In developing a

synthetic performance test, all of the individual behaviors involved in
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the total performance are detailed. Next, an inexpensive means of test-

ing each behavior 1s sought. The physical fidelity of the test in terms

of the actual job may be ﬁuite low -- so long as the behaviors are the
same,  The set of tésts if then "synthesized" into a single performance
test. Finally, the validity of the test is determined by comparing it
fo actual job performarce. If the synthesized test proves valid, it can
be employéd as an inexpensive substitute for a true job performance |
test, at least during eariy training evaluations. Again, resources
could be conserved to aQequatély test those critical aspects of perfor-
mance for which no good subétitute for actual job performance could be
found.
. fhe need to know exactly how effective ouf forces are was implied '

by MG Gorman when he challenged Army trainers:

To train the Army to win on the first battlefield

of the next war against an enemy that outnumbers

ue, agalnst an enemy whose weapons will be as goo
as or nearly as good as those that we possess....

42y, c. Osborn. An Approach to the Development of Synthetic Performance

Tests For Use in Training Evaluation, Professional Paper 30-70, Human
Resources Research Organization, Alexandria, Virginia, December 1970.

43y. c. osborn and J. P. Ford. Research on Methods of Synthetie Perfor-
manece Testing, Final Report FR-CD(L)-76-1, Human Resources Research
Organization, Alexandria, Virginia, April 1976.

44

Transcript from TV tape, US Army Training and Doctrine Command,
Fort Monroe, Virginia.
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To accomplish this mission, trairers can 111-afford to use any but the

most effective evaluation techniquas., It is the opinion of the present

authors then, that the resource problem is not one of whether we expend

the resources to properly evaluate, but rather, how we obtain the neces-

sary resources, Simulation, as discussed briefly above, is one approach,

but other avenues should also be investigated.

Current Approaches

Not all the current approaches to team training and evaluation
found in the literature appear to be adaptable for use with tank crews;
Oniy those which appear to the authors to have some relevance to tank
crew evaluations will be discussed in ;his éection. The reader in-

terested 1n a broader perspective should consult Wagner, et 31,45

Larson, 55131,46 or Briggs and Johnston.47

Before going into particulars, two principal issues which divida
evaluators in their approaches need to be discussed. These are the
employment of: (a) on;— vs. two-sided ;est situations, and (b) process
vs. outcome measurements. The arguments for both sides uf these i-su-~3

are presented briefly below.

One-sided vs. two-sided tests. In a one-sided test (such as Table

VIII) the examinees face a relatively structured situation in which the

sequence of events is relatively fixed. '"Aggressor' forces, if present

45Wagner, et al., op. cit.
46y, A, Larson, S. I. Sander, and J. H. Steinemann. Survey of Unit Per-

formance Effectiveness Measures, Technical Report 74-11, Naval Personnel
Research and Development Center, San Diego, California, Jaruary 1974.

47Briggs and Johnston, op. cit.
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at all, are restricted to specific ﬁreplanned activities. In a two-
sided test, aggressor forces must be present and typically have few
limitations placed on éheir activities., The advocates ;f two-sided
exercises stress the importance of realism, the opportunities for rgal-
time decision making, and tﬁe morale-boosting aspects of competition.
.They also point out that the inflexibility of one-sided tests makes them
easy to train and practice for; Therefore, they feel such tests provide
only poor indications of how the participants would actually perform in
gombat. |

Those favoring the one-sided approach to evaluation point to the
fact that repetition of the identical circumstances is virtually impos-
sible in a two—éided test. Therefore, no two individuals or crews
receive e#actly the same teét, making it impossible to set exact ﬁef—
formance standards or to compare the performancelof any t&o units.

The arguménts for both aﬁproaches‘aré summarized in an unpublished
work by W. W. Yale.48 However, he points out tha; the kind of informa-
tion desired determines which kind of test is most suitable. For
ekample, if exaét times are needed, such as the time to fire after LOS
to a target is achieved, a one-sided test should be eﬁployed.‘ Knowledge
of the exact moment the target appeared would be virtually impossible in
a two-sided test. One-sided tests are also necessary if live-fire is
required.

Two~sided exercises arelconsideréd essential when targets must be
generated. For example, a two-sided exercise would be_necesséry if the

MOE were to be the ratio of friendly to threat casualties,

4gBased on notes provided by Dr. CL 0. Nystrom, ARI Field Unit, Fort
Hood, Texas.
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As can be seen, each approach has both positive and negative
aspects, These should be kept in mind in the discussions of specific
programs which follow the discussion of process vs. outcome measure-

ments.

Process vs. outcome measurements. Stated very simplistically,

"process" measurements are concerned with an’evaldation of all of the

actions takenlduring an engagement, but are not particularly concerned
with the final outcome. '"Outcome" measurements are not concerned with
the prbcedqres involved or the progress of the engagement,.but only in

who wins and who loses.

4 ) :
Osborn‘g is an advocate of process measurement. He feels that to

be ‘'useful, a test must be diagnostic. That is, it must provide infor-
mation on exactly why a particular‘aspect of performance was successful
or unsuccessful. Hammell, et gl.,so state the case for process evalu-
ations as follows in discussing Advanced Officer (AO) tactics training:

+..Numerocus alternative sequences of actions may
exlst, many of which may be equally plausible for
attaining a specific objective. The sequence of
actions employed by the AO contains a complex
series of evaluations and action selectinons which
are situation intended. The attainment of the
ultimate objective mcy often be irrelevant to th2
evaluation of the AO's performaice. This hit or
miss philosophy, although distinctly meaningful
in the operational enviromment, is inadequate in
the trainirg eituation.®l

49 ! . .
W. C. Osborn. Process versus Product Measures in Performarce Testing,

Professional Paper 16-74, Human Resources Research Organization,
Alexandria, Virginia, October 1974. (Based on paper for Military
Testing Association Meeting, San Antonio, Texas, October 1973.)

50Hamme11, Gasteyer, and Pesch, op. cit.

5JItalics‘added by authors.
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In other words, Hammell and associates feel that process is the only
important aspect of performance in training evaluations. A good
decision or action may lead to a poor outcome, but the decision or
action should be evaluated on its own merité, and not on the vagaries of
future actions by an unpredictable enemy.

Litton Industries, in an unpublished report to ARI, stated the case
for outcome evaluations.52 The authors felt that tests such as the Army
Tfaining Test (ATT’ and the Opérational Readiness and Training Test
(ORTT), now subsumed under the ARTEP, were not satisfactory instruments
partly because they emphasized planning and processés over results.

They believed that what a unit can accomplish is the ultimate measure of
effectiveness. Accomplishments, they felt, could be best eval;ated in
outcome measures such as friendly/enemy loss ratios and territbry gained
or lost.

It is obvious that a difference of opinion exists; However, Hammell,

53

et al.,”” while stressing process, do admit that outcome measurements

" Therefore,

are "distinctly meaningful in the operational environment.
the type of measure chosen may well depend‘upon the job held by the
evaluator, An S-3 might well choose a process evaiuation, a troop
commander»mighf well be more concerned with an outcome evaluation.

In the firé; section of this chapter, the authors 6f this report

hopefully made it clear that they feel an evaluation should cover both

process and outcome. The notion that "the overation was a success, but

52personal communication from Dr. R. T. Root, Unit Training and Evalu-
ation Systems Technical Area, Army Research Institute, Arlington,
Virginia, March 1977,

53Hamme11, Gasteyer, and Pesch, op. cit.
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the patient died" is lacking in appeal. We would like to know why the

operation was considered a success 1if the patient died. Similarly, if
the patient lived, we would like to know whether the operation was
responsible, and if so, why. Both.approéches obviously have short-
comings, and these must be taken into account in considering the spe;
cific operational training and evaluation pfograms outlined in the
following subsection.

Specific programs. Descriptions of specific programs directed to

measuring the effectiveness of teams are outlined below. Mest of these
techniques were designed to assess pérf;rmance of larger units than
single crews, e.g., platoons or companies. However, these iarécr units
still fall within the definition of a team proposed earlier, and the
techniques are considered to be relevant to the present research.

| (a) ARTEPs. The Army Training and Evaluation Program refers
to a whole body of{litefature stressing a mission—oriented,vperformancef
.based approach which has been under development since 1974. The ARTEPs
outline the basic missions that the team should be abie to perform to be
combat ready. While they du not necessecrily require two-sided tes's;
they are obviously valuable in preparing scerarios for: REALTI\IN =~ !
MILES exercises,‘yhich will pe discussed later in this subsection. Thev
are alsoloriented toward process evaluations, in that they strecs plan-
ning and execution above outcome. The ARTEP concept is definitely a
step in the right direction. However, the lack of specifics makes it

impossible for commanders to set absolute standards. Furthermore, the
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standards stated are marred by the use of vague indefinable terms such

LEN 2 1

as "on time," "excessive," and "proper."54

The ARTEP concept is new and is constantly being modified. Its
eventual form cannot be predicted at this time. If may avolve into a
very comprehensive and standardized set of teéts, as what it encompasses
has not been limited. However, at present, the ARTEP for any mil?tary
unit suffers from all of the shortcomings described for two-sided tests
and tests measufing process only. The ARTﬁP undoubtedly provides excel-
lent training, but leaves something to be desired in terms of evaluation.

(b) IDOC (Identification of Test Doctrine for Cost/Effective
Qualification of Tank Crews). This éroject has thus far been limited to
a study of tank gunnery. At present, 266 tank gunner& job objectives
have been identified, and a list of the behaviors or actions required of
each crew member in accomplishing each objective has been derived. Work
is proceeding to determine the representativeness, generalingility, and
criticality of the objectives so fhat final priorities for measurement
can be establishef’t.55 Hopefully, a set of objectives can bé selected
which: (a) is representative of the entire range of at'least the more
critical gurnery tasks, and (b) can be reliably measured within the
resources likely to be available. The eventual product of this work

w;ll'in all 1likelihood be a recommended new Table VIII. However, many

questions nced to be answered before standards can realistically and

943, F. Hayes and M. R. Wallis. ARTEP Validation Report, US Army
Research Institute for the Behavioral and Social Sciences,
Arlington, Virginia, 1974.

550. G. Boycan and A. M. Rose. '"An Analytic Approach to Estimating

the Generalizability of Crew Performance Objectives," Paper pre~-
sented at the meeting of the Military Testing Association, October
1976.
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five seconds (battlesight) after a target is detected. However, the
present authors were unable to trace the origin of this figure. Whether
it is basgd on times obtaiﬁed bf well-trained crews, whether it is based
on & knowledge of tiﬁes achieved by potential enemies, or whether it is

[

simply an opinion 1is not known.

Hopefully, the IDOC effort will result in a better measure of tank‘
crew qualifications for gunnery. However, it is currently focused only
on gunnery, and a combat-ready crew is obViously‘required to perform
many other kinds of tasks.

An ARI effort closely related to IDOC 15 now in progress in Europe.
However, rather than gttempting to derive objectives for gunnery in
general, this effort is aimed at deriving opjecrives and a training‘
program for the USAREUR Table VIII as it now stands.56 The ultimate
objective of tﬁe program is to design training that wil! mainraiv pu -
nery skills between opportunities for live-fire. Because of limited

space, opportunities for live-fire or even mareuver aro extremely

limited in Europe.

(c) REALTRAIN., The REALTRAIN effort grew out of a needa t-

provide a realistic, low-cost tactical training and evaliation technique

.for use in Army combat training. In essence, it is a two-sided, free-

- %6g. E. Miller and J. F. Hayes. Aﬁa?ysis of Tank Crew Performance

Requirements for Multiple-Target Engagemcnts, ART Research
Memorandum, General Research Corporation, and US Army Research
Institute for the Behavioral and Social Sciences, December 1976
(in process).
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play engagement simulation technique. How the exercises of relevance to
armor are conducted has been described by Shriver, 95.35:57

For the M60 tank, the controller's telescope is
meunted in the breech of the m in gun. When the
controller in the tank determii-s that the main
gun is centered on a target at tae time of simu-
lated impact, he assesses a casualty. The con-
troller then radios the number of the tank or
other vehicle that was hit to the controller on
the other side who riumoves the vehicle from action.

: Artillery fire is realistically simulated by
: detonating artillery simulators at the actual
point requested (by infantry personnel) based on
‘ map cdordinates, indirect fire "call" procedures
and "times" to impact. The rounds are placed by
administrative personnel who are directed by a
- Fire Directior controller who in turn receives
fire requests from the forward observer or unit
leader in the simulated engagement. When simu-
lated round. arc detenated by artillery throwers,
contrullers assess casualties within the "kill
radius" ¢if the simulated artillery round and take
them out of action.

As can be seen, the prima{y function of the controller is to assess
casualéies and remove them frdm the mock battle. PFALTRAIN exercises
are therefore primarily product rather than process oriented - "Winning
the war" and surviving become the paramount goals. However, records are
kept at a Net Confrol Station, and an After Actior Review is conducted
with test participants, Therefore, a post hnc YOQk at the processes
that might have led to certain acrinns taken islattempted. Following
the After Actiun Review, =wenior personce] further analyze the exercise
and determine whether remedial training i. n¢oded, whether the exercise

should be repeated, or whethes the exercise should be'expanded.

57 sy e ‘

"E. L. Shriver, B. 1. Mathers, . R, Griftin, b. R. Jones, L. E. Word,
R. T. Root, and J. F. Hayes., SOALTSATY: A New Y thod for Tactical
Proaiving o Tl e g, ART Technical Report -4, Kinton, Ine., and

US Army Rescarch institute for the Behavioral and Soecial Sciences,
December 1975,
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The value of the REALfRAIN approach for unit training can hardly be
questioned. Resource requirements are minimal and participants can
practice a varie-y of‘individual_and team skills. Deficiencies will un-
doubtedly be discoveréd and remedied,‘and the "casualties" will live to
fight another day. However, as an evaluation technique, REALTRAIN, at
least ‘as presently concelved, has a number of shortcomings. First of
all, rhere 1is still subjectivity involved in casualty assessment. Can
an observer looking through a telescope in the breech block of a tank
gun reliably determine whether a moving target would be hit? Secondly,
as in allltwo-sided free-play exercises, exéct situations cannot be
replicated. 'A decision which turned out badly might well have turned
out well against a different enemy. A really poor decision might turn
out welllbecause of eneﬁy mistakes. The éoﬁmander,might then tend to
repe;t the same set of actions when he again faces a similar situation,
and likely witﬂ disastrous results. In othér wofds, outcomes are |
partly dependent upon chance factors, making it impossible to judge the
adequacy of decisions and actions in any absolute sense.

In brief, commanders can use REALTRAIN techniques to spot major
deficiencies and glaring errors in judgment, but in the o>inion of the
prese’t authors, the approach is not adequate for assessing overall
combat qualification.

o ' 58 :
{d) UPAM (Unit Performance Assessment Model). The basic

approach involved in this model 1s to compare 'costs" to "achievements."

58The model described was developed by Litton Industries, but no

published work could be fouud. The information presented on the UPAM
is based on a personal communication from Dr. R. T, Root, Unit Train-
ing and Evaluation Systems Technical Area, Army Research Institute,
Arlington, Virginia, March 1977.
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A cost might be the number of friendly tanks lost. An achievement might

be the number of enemy tanks destroyed. Similarly, casualties among.

friendly personnel, own supplies expended, destroyed, or captured, and

terrain lost would be classified as costs, while enemy casualties in-
flicted, enemy suvpplies expended, destroyed, or captured, and terrain
controlled would be considered to be achievements. Weights for each

cost and achievement were derived employing ratings and regression

. techniques.,

Guides for the employment of the model have been developed for
selected kinds of units. -The commandgr employing the model for his unit
must size up the situation he intends to play and make cettain decisions
concerning costs and achievements. For example, he must decide on the
ﬁinimally acceptabie.achievement, i.e., the proportion of enemy tanks
which must be destroyed. Similarly, he must decide on an acceptable
cost for the scenario he Qishes to play, i.e.,‘the’proportion of
friendly tanks which may be lost. After all such decision are made, the
"battle" is played, and actual costs and achievements are determined.
Procedures are provided for determining whether the unit being evaluated
met its overall performance objective. A team might be considered
successful without having a favorable ratio of achievements to costs in
all categories., For example, a very high ratio oflenemy/friéndly tanks
destroyed might outweigh an unfavorable ratio of enemy/friendly supplies
expended, destroyed, 6r captured.

The model has the advantage of letting the individual commander set
his own acceptable cost/achievement ratios for each category. He can

tailor these to the particular situavicn he intends to portray in the
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mock battle. If he wishes to derermine tche ability of a unit to hcld a ;
piece of ferritory "at.all costs;" his ratios might be quite different | |
than 1f the unit's objective is to hold the enemy's advance to 10 km in
24 hours., |

The model, as‘the present authors understand it, has appeal. How-
eve}, the ability of the 'small ugit commander to realistically set costs
and achievements for all types of scenarios is questionable. Also, the
, model appears to be almost totally an outcome model. Provision for
determining why a unit fu;led does not seem to have been made. As a
result, feedback to training managers 1is likely to bebminimul. Also,
allowing individual commanders to set costs and achiev-ments would make
it very difficult to compareAthe performance of different units, as no
two commanders may choose exactiy the same standards.

(e) MILES (Muitiple Integrated Laser Engagement System).

.This system is currently’under development, Evaluatipn by TCATA is
programmed to begin soon and continue through FY 1979. The essentials
of the syétem include an eye-safe laser mounted on each weapon, and a
sensor mounted on each target, Thelpurpose‘of the éystem is to elimi-
nate some of the subjectivity in scoring that is cqrrently a problem iﬁ

REALTRAIN. If 2 soldier (or crew) "shoots the sensor on an enemy tar-

get, there can be little doubt that a hit occurred.

How well the MILES system can bé adapte& to unit training ani
evaluation remains to be‘seen. Also, how realistically the system can
be made to reproduce battlefield results is still a question. For
example, damage done to a tank target is dependent upon where the tank

is hit. A hit on the side near the rear would uhdoubtedly immobilize
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the tgnk, but not necessarily kill the crew nor eliminate the tank as a
weapon system. Scoring the location of hits obvioualy would require
multiple sensors, Both increasing the costs and the burden on umpires.
In any case, the MILES approach will likely suffer from many of the
same shortcomings as an evaluation device that REALTRAIN does. Absolute
performance standards canﬁo; be set so long‘as the two-sided approach is

maintained. However, there is no question but what the approach will

provide excellent training.

(f) Other épproaches. Several othe» anproaches to and devices
for team training and evaluation have been developesd. However, they
elther differ little in concept from those discussed, or, are of only
marginal relevance to the developﬁent of tank crew MOE. For example,

the Marine Corps is preparing to field a Tactical Warfare Analysis and

59 '
~ Evaluation System (TWAES). The approach is very similar to REALTRAIN,

with some added hardware sophistication to improve control and provide
near real-time casualty assessments. The US Air Force and US Navy have

developed some highly sophisticated computerized simulations, but the

missions assigned are so unlike those given tank crews that they did not

appear to be relevant. Therefore, these approaches will not be dis~

cussed. The reader Interested in brief descriptions of these approaches/

‘ 60
devices should consult Wagn=r, et al. or Larsomn, et 31.61.
(g) Summary. Current approaches to evaluating tra‘ning effec-

tiveness and operational readiness that are relevant to tank crews can

5%, n, Rocklyn, et al. A Method for Inmereasing the Training Effective-
ness of Marine Corps Tactical Exercises: A Pilot Study, NPRDC Technical
Report 75-34, Navy Personnel Research and Development Center, May 1975.

OOWagner, et al., op. eit.

6‘ZLarszon, Sarder, and Steinemann, op. cit,
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be divided into those concerned exciusively with gunnery, agd those con-
cerned with tactical training in two~sided engagements. Those concerned
with gunnery are attempting td develop‘reliable and valid measures of
this eitremely important aspect of performancg. Performance standards
are being derived so that it will be possible to determine whether a
givenlcreQ performs at the minimally acceptable level for each of
several types of gunnery. Also, it will be possible to compare thé
performancés'of two different crews, or to compare the performﬁnces‘of
the same crew on different occaéions.

The two-sided, free-play tactical engagemént aprroaches appear to
be much better suited to training than evalvation. Whatever is learned
about warfare from éxperience can probably be learned from these exer-
cises. Sdldiers can préctice their individual and team skills in a
realistic context, where cues to action are taken from thg sitﬁation
rather than from a test monitor. The competitive situation and the
desire to "surrive" are undoubtedly motivating.

Commanders can undoubtedly evaluate gross aspects of performance in
two-gided exercises by carefully observing the action and conducting
thorough afec—action'debriefing sesgsions. Hoﬁever, these approaches do
not, in the opinion -of the authors, proiide the acrurate measurement of
proficiency ﬂecessary io reliably categorize teams as combat ready or

not combat ready.

Research Needs

The vresearch program outlined in this section is felt to be the

minimum necessary if tank crew training effectiveness and cperational
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readiness are to be adequately evaluated. The order of listing of the
projects indicates ~he authors’' cﬁoice of priorities.

-I. Determine the reliability of the current Table VIII. 1t is

realized that Table VIII will very probably be modified at some time in
the future, ‘Howevef, it is currently being used by commanders to evalu-
ate their crews, and decisions which affect careers are being made on -

the results. Annual firings also consume considerable resources.

_ Commanders and crews both have a need and a right to know whether scores

obtained are reliable indicators of‘performance, or whether chance fac~-
tors pléy the ﬁrimary role, In fact, if the reliability of the current
Table VIII proves to‘be unacceptable, its use shouid be greatly cur-
tailed, and the resources saved applied to a "crash" program aimed at
improving its reliability;
As a minimalitest of the feliability of Table QIIi, the‘following

procedures are proposed: |

(a) One TOE battalion should be designated for the test,
stabilized, and dedicated for a minimum of 120 days. Crew assigrnuents
should be finalized for a minimum of 60 days prior to any testing, and
remain intact throughout the testing. 1If, for emergency reasons, a cfe@
cannot be kept intact for at least 30 days prior to fitiﬁg Table VIII,
it should be dropped from the study.

(b) All crews should follow the normal training routine and
fire Tables I through VII before firing Table VIII.

(c) Inde#endent observers/evalpatbrs from another unit should’
serve during the firing of Table VIII1. Crews who have completed fi?ing

should be segregated from those who have not to prevent any "G-2" con-
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cerning the te;t. Meticulous records of all events should be kept so
that each run can be reconstructed after the fact. Scores should be
derived employing the observers' hit determinations. However, close-in
TV monitors should be placed near every target, 1f possible, so that an
independent determination of hits could be made from the tapes.62

(d) The intact crews should be transported, along with their
own tanks, to another Table VIII location, and retested. The same pro-.
cedures described in (¢) above should be followed.

(e)’ The statistical reliability of the total score and the

scores for selected engagements should be determined. The analysis of

scores for separate engagements should'prbvide information on which

kinds of engagements contribute most.;o unreliability. More will be
sald concerning this in the second proposed research effort. Also,
other analyses éhould be conducted as deemed appfoﬁriate after the data
are examined. For example, some crews may‘tend toward the use of pre-
cision engagements, while‘othefs tend toward the use of the battlesight.
The effects of‘such preferences on reliability should ge studied.

If video equipment can be employed, the validity of the observers'
hit determinations cén be assessed. 'Also, total scores can be recom-
puted on the basis of the hits observed on the vidéo tapes. If the
vélidity of the observers' determinations is low, these scores based on
video tape observation should prove to be much more valid than those
obtained in the normal manner. If so, it might be possible for the

armor community to justify the one-time costs associated with the use of

62
Video equipment is currently being employed for this purpose at Fort
Hood, Texas.
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additional video equipment, and the equipment could be used routinely to
improve Table VIII scoring.

The major problem associated with this type of work (in addition to
the resource requirements) i; the subjectivity involved with the inter-
pretation of the results. Personnei familiar with this ki.d of testing
would probably agcee that a total score reliability coefficient of 0.70
or higher was acceptable. Similarly, they would brobably agree'that a
reliability of 0;30 or less was unacceptablé. However, there would
probably be considerable disagreement about where an exact line should
be drawn. Therefore, regardless of the outcome, it is proposed that a
description of the test and an interpretation 6f the results be pub~
lished and circulated widely through the armor community. The discus-
sion on réliability and the meauing of the numbers obtained shou}d be in.
layman's terms for the berefit of those with little background in test
theory and statistics. Individual commanders will then be better able
to ~:aderstand the p;oblems associated »‘th interpreting scnres, and can
decide for themselves how much faith they wish to put in the results of
Table VIII scores.

11.. Determine the number of replications required for each type of

engagement. 1In order to ensure the reliability of any future Table
VIII, the items entering into the total score must also have a reason-
able reliability. The data obtained in Stuay I should provi&e some
indications concerning the reliability of the items, i.e., of the
various kinds of engagements. Whether the less reliable items can be
made reliable by increasing the number of replications is not known. If

they cannot, they should be eliminated from the exercise altogether. TI:
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they can‘be made acceptaﬁly reliable withra feasible nuﬁber of repli-
catibns, the‘replicaéions should be built into the Table VIII exercise.
However, 9coring would have to be adjusted to ensure that thoseven-
gagement situations requiring the most replications were not given undue
weight in the total score.

In order to determine the number of replications required, the
following research study is proposed:

(a) The two engagement fypes believgd to be the least re-
liable based on data from the first study should be selected. One
engagement type believed to be mbdarately reliable and one engagement
type believed to have éood reliability shouldialso Ee‘selected.

(b) A representative platoon (five tanks) from a TOE unit
sﬁould be designated for the test, stabilized, and dedicated for a mini-

mum of 180 days. Crew assignments should be finalized for a minimum of

. 60 days prior to any testing, and remain intact throughout the testing.

(c) All crews should fire Tables I through VII as part of
their normal training routine &uring the first 60 days.

(d) All crews should fire those four types of engagements
selected from Table VIII a minimum of 10 times each in as short a period
of time as is feasible. Scoring should be accomplished in the same
manne; as in Study I.

(e) The reiiability of each engagement type should be esti-
mated employing the odé/even split technique.

| (f) 1If the results indicate that the‘reliability of the

scores for the different types of ehgagements can be sufficiently im-
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proved63 tv a feasible number of replications, the reliability of other
engagements of qugstionable reliability should be investigated in
anothér study.

The original estimates which led to the selection of the elements
to be studied may prove.to be incorrect. That is, the two with sus-
pected low‘reliébility might prové to be sufficiently reliable, while
the two exected to have higher reliabilities may not. In such a case,
it would be wise to conduct a similar study with all.the remaining
elements .n the Table, and with any new engagemento proposed for a new
Table VIII,

I1I1. Develop MOE for functions other than gunnery. Gunnery is

certainly a necessary and e&tfemely important function of a tank crew
but is far from being the only function required for effectiveness. As
Pra1164 has succinctly stated the tanker's mission, the'crew must be
able to MAINTAIN, MOVE, SHOOT, COMMUNICATE, SEE, and SURVIVE. No stan-
dard MOE for ahy of these functions other than SHOOT épparently exist
for tank crews., Individual testing at the crew level or higher, if con-
ducted at-ail, is based on measures developed at‘the unit level. 1In
order to ensure maximum total effectiveness, HOE gor these other func-
tions must be developed. A research program to develop these MOE is

outlined below:

63What level of reliability will be considered acceptable will have to

be determined by consensus in advance. These could be referenced to
the probability of misclassification as proficient or nonproflcient
(see Steinheiser and Snyder, footnote 39).

64g, L. Prall. "Tank Crew Proficiency Testing," Armor, September-
October 1975, 13-16. '
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(a) Determine the critical tasks for each function, 'Each of
the functional areas will be composed of a number of tasks and subtasks.
For example, as tasks under SURVIVE, Pral]€5 lists "ATGM co;nterdrills,
selection of positions, selection of routes, camouflage, establishing
local security, mine warfare, extinguishing tank fires, and preparing
the tank for a friendly nuclear strike." Some might disagree with this

selection, others might wish to categorize the major functions differ-

‘ently or use different titles. However, how the functions are cate-

gorized is unimportanf so long as the ilist is exhaﬁstivc. Therefore,
the procedures to be followed are: |

(1)I Develop a list of cateéories fér the major tank crew
functions. |

(2) Deveiop a iist of tasks within.each function cate-
gory. As comprehensiveness is {ﬁportant, FMs, TMs, research feports,
relevant periodicals, other military publications, and experienced armor
pers;nnel should ali be consulted. Task statements at this point should
be somewhat’géneral in nature, e.g., "conduct preoperational checks."

(3) Develop brief definitions for each task statement to
ensure a common understanding.

(4) Employ the Délphi Technique66 witn a group of ex-~

perienced armor personnel to develop a consensus on the c iticaiity of

65 1bid.

6,
6 The Delphi method is an iterative technique designed to obtain a con-

sensus in terms of numerical ratings, usually from experts in a field.
(For a description of the process by the developers, see N. C. Dalkey
and 0. Helmer, "An Experimental Application of thr. Delpii tethod to
the Use of Experts," Management Science, April 1963, 9(3*, 458-567.)
The method has been shown to be more accurate than the resultant
opinion from group discussion, in at least one instance. (See N. C.

. Dalkey, The Delphi Method: - An Experimental Study of Group COpinion,
Memorandum RM-5888-TR, The Rand Corporation, June 1969.)
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each of the tasks., The iterations should be designed to obtain infor-
matior on which tasks must be evaluated to give a commander confidence
in the combat readiness of his crews. Respondents should also be
allowed to suggest additional tasks{on the first round.

The final product of this phase of the work will be a list of tasks
which consensus indicates are sufficigntly critical that they must be
evaluated in order to certifi a crew as fully qualified.

(b) . Determine whick tasks are éeam tasks. Many of the tasks
which are judged to be critical may not be true team tasks. That is,
they may be simply an aggrégation of individﬁal tasks where there is no
1nterdependencé, interrelationship, or nezded cooperation betﬁeen crew
members., Performance on sﬁch tasks does not need' to be measured in a
crew context. Team testing shoild be reserved largely for those tasks
thch do require cooperatiQe and interrelated effort.l

The procedures proposed for this part of the worklare:

(1) Develop definicions of team and individual tasks,
and 1llustrate with examples from outside the field of armor.

(2) Submit the definitions and the lists of critical
tasks to a group of armor experts. The group, as individuals, shculd
classify each. task as being either a crew task or an aggregate of
individual tasks. The group members should be required to provide
justification for claséifying a task as a crew task.

(3) On the ba;is of the group's opinions, ciassify.eqch
task as either a crew task or an aggregate of individual tasks. Where
substantial agreement is lacking and‘the tasks cannot be easily classi~

fied, a panel should be formed to further examine the tasks. The panel
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should be composed of members with differing opinions, If agreement on
the classification cannot be reached on any task, the task should be at
least temporarily classified as a créw task to ensure that no crew
functions are deleted.

The product of this phase of the effort shoild be a list of tasks
which are both critical and truly team tasks.

(c) Develop subtask and activity lists for team tasks. This
phase is designed to determine exactly what a crew must do to accomplish
a task, It is proposed that a method developed by Suchman, et gl.,67 be
employed. The procedures involved are outlined briefly below:

(1) éonvene a panel of five or more knowledgeable indi-~
viduals in thébfield. The compositi:n.of the panei does not naed to
remain fixed, as any expert in the field can be "read in" to Qhat 15
going on in a very short time, The first job of the panel is to dcveloﬁ
a ébmplete listihg of subtasks for each iask. Tbé names given subtasks
do not have to be behavioral. For example, unde; a possible task con-
cerned with preventative maintenance, a subtask might be "inspects
tracks for defects and wear."68

(2) Develop a list of "activities" for each subtask.

The activity statements should be specific and behavioral. For example,
in 1nsﬁecting a track for defects or wear, exactly ghgi the’crewman
inspects should be specified. Alsc, the standards he employs. to deter-

mine whether the track is serviceable or requires repair should be

687
J. R. Suchman, A. L. Kubala, and J, E. Taylor. The Development of an

Open-Access, Performance Oriented Curriculwm for Training the Military
Policeman (MOS 95R20), Final Report FR-WD(CA)-75-9, Human Resources
Research Organization, Alexandria, Virginia, June 1975,

68This task title is given only as an example of the relative specificity

required. 1t i35 not implied that this either is or is not a team task.
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specified. The activities and standards provide all the information
necessary for the development of a performance test or tests.

(3) Develop a series of exercises to evaluate perfor-
mance on the critical crew tasks. Each exercise may include a whole
series of task; or only a few subtasks. However, they should be de-
signed so that the cues available for initiation of the activities are
the same as those that would be available in a combat situation.  These
exercises are the performance tests which incorporate the standards
involved in (2). In other words, thesé exercises will be the MOE for
the tasks involved.

The procedures outlined may seemlto be véry involved and time con-
suming. However, in practice they have proved to be qpite efficiené.
Disagreements have beén readily resolved, and the techniques have seemed
to be equally applicable to both "soft" and "hard" skills.69 Instruc-—
tors have found it;qﬁite easy to develop a series cf barallel forms of
performance tests which accounted for various common alternative se-

quences of events, while still measuring all the critical aspects of

performance.

' 70
Other procedures might be followed. For example, Larson and Sander

employed the Delphi method to determine exactly what aspects of combat
performance battalion commanders would like to measure if they could.

The approach might lead to a different set ot MOE for tank crews, as it

€950f¢ skills have also be defined as "man-ascendant,"” and hard skills
as "machine-ascendant.'" Interviewing a witness or a suspect would
be classified as a soft skill, while repairing a radio set would be
ciassified as a hard skiil.

700. A. Larson and S. 1. Sander. Development of Imit Performance Ef-

fectiveness Measures Usirg Delphi Procedure, TR 76-12, Navy Personnel

Research and Development Center, San Diego, California, September, 1975.
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does not assume a set of specific tagsks. However, tﬁe approach proposed
seems‘preferagle for this research area as the unit is spécifiéd as tank
crews, Larson and Sander did not specify 'the unit, although'they did’
request information on which MOE were applicable to what size units.
Furtherﬁore, the approach”proposed results in a lisg of specific acti-
vifies and standards, while the Delphi method did not. The chief
advantage of the Larson and Sander approach is that it allows commanders
to state what they want to measure without being restricted to a set of
particular tasks. Therefore, if time and resources are available, the
Larson and Sander technique should be used to ensure that the final MOE
chosen are compréhensive, as the procedure might result in suggested

tasks not uncovered by the proposed procedures.

Summary . S )

The development of MOE for teams is not a simple task., Numerous
problems &onfront the developer. Helmugt try to ensure fhat his MOE are
comprehensive, reliable; and ecéncmical. He must iry to ensure that
they measure critical tasks which are truly team tasks, rather thaﬁ
simply measure an aggregate of individual tasks. ‘He mﬁst also decide on
whether a particular set of combat skills can best be measured by one-
sided or two-sided tests, and he must ensure that processes as well as

outcomes are evaluated so that (process) information can be fed back to

‘training managers.

Three research efforts are proposed as a first step in developing
MOE for tank .crews. The first two pertain to the all important function

of gunnery, and are designed to ensure that MOE for gunnerv are worth
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the resouces expended and of real valce to commanders. The third repre-
sents an attempt to derive MOF 'for functions ofher than gunnery.

Early in this chapter, the authors concluded that the measurement
of tank crew proficiency is a must. They further concluded that the
question of "whether" we measure effectiveaess is not as impor;ant as
"how" we acquire‘the means to do so. Hopéfully, if the proposed re-
search outlined in this chapter is conducted, our meansléf qualifying

tank crews will be greatly improved. . .

'
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