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FOREWORD

The Fort Hood Field Unit of the U.S. Army Research Institute for the
Behavioral and Social Sciences (ARI) provides human factors field experimenta-
tion support to Headquarters, MASSTER--Modern Army Selected Systems Test
Evaluation & Review. Equipment, doctrine, and concepts are tested at MASSTER
within the context of total systems in an operational environment, usually
for the first time; the total system includes the soldier as the human factor
component. Therefore, all MASSTER ‘tests involve evaluations of the interface
between the human being and the other system components, and as such require
the support of personnel trained in behavioral science. A primary role of
these personnel is to determine whether specific test results are the function
of characteristics of the item being tested or of characteristics of the men
using that item. &

In the specific research reported in this paper, a human factors evalua-
tion of the M60A2 tank system was conducted in conjunction with an Intensified
Confirmatory Troop Test of the system, in order to identify man/machine inter-
face problems of the M60A2 tank and to identify ways to reduce or eliminate
.such problems. ARI research in this area is conducted as an in-house effort
augmented by research contracts with organizations with unique capabilities
for human factors research;  The present task was done jointly by personnel -
from the Essex Corporation and the Fort Hood ARI Field Unit, and is responsive
to the special requirements of MASSTER as well as the objectives of RDTE
Project 2Q162106A721, FY 1974 Work Program.

J. E. UHLANER
Technical Director
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' ' WRracitt: EVALUATION OF THE MGOA2 TANK SYSTEM

BRIEF

Requi ement :

e The research requireément specified that a human factors evaluation of the
M60A2 tank system be conducted in conjunction with an Intensified Confirmatorv
- Troop Test of the system, ) : ’

fﬁe evaluation was directed_eEJgéu—epeetftc~atausz‘£;“

+?brsonne1 selection,
Araining , ) :
:férational and Maintenance Pfocedureg/
anuals and publications ; ks
- Equipment design :
Communications, |,

* The object
e objectives were tof |
oéidentify human factors (man/machine interface) problems of the M60A2
tank systems a~ el N
e formulate recommendations for actions that would minimize the number
and/or impact of these problems on system efficiency, |

Procedure:

" As a prelude to the introduction of the M60A2 tank into the weapons inventorv
of the US Army, Europe, an Intensified Confirmatory Troop Test (ICTT) was conducted
. under the auspices of Hq. MASSTER, Fort Hood, Texas. The human factors portion of
the evaluation was conducted by Essex Corporation under contract to the Army
Research Institute. . : g : ;

The test cycle consisted of evaluating the tank system ddring three phases: -

e Phase 1 - Crew and maintenance personnel training

e Phase II -~ Gunnery training - e :

e Phase III -~ Field training exercises culminating in the completion of a
battalion Army Training Test (ATT) :

The human factors evaluation team participated in all phases of the ICTT and
worked in close coordination with other tank system evaluators and test personnel.
Data collection procedures consisted of:

¢ Observation of man/machine interaction by human factors analysts

® Measurement of quantifiable factors underlying identified problems,
e.g., work station envelope dimensions

® Administration of questionnaires

® Conduct of interviews




findings and recommendations are based upon the team's interpretation and analysis

- organization. Course content coverage needs to be expanded. Training methods, %

Due to the non-comparative nature of collected data, descriptive (rather
than inferential) statistical techniques were employed. A list of findings
and recommendations for_solutions to human factors problems were formulated by a
joint team composed of armored officers and human factors psychologists. Their

of the study data. e o

Principal Findings:
e Personnel Selection -,Loadet_egsrancéfskills ;hould be reevaluated. -7‘
e Crew Training - The training program requires standardization and
instructor skills, and tests need to be standardized. -

e Maintenance Training - Only minor problems were identified and these i
were attributable primarily to deficiencies in manuals, lack of sufficient
spare parts and lack of sufficient instructor personnel. i

e Operating Procedures - Certain procedures need to be reexamined,
formalized, standardized and disseminated to a greater degree. - i

e Manuals and Publications - Both operations and maintenance manuals are
deficient, which impacts on mission accomplishment and system availability.

® Equipment Design - Duty stations are cramped, uncomfortable, and in
some respects, hazardous. (Recommended solutions for specific design problems
for each duty station have been formulated only for problems which directly
impact on crew safety.) :

.

e Communications - Selected communications equipment needs modification.
Communications procedures should be changed for optimum efficiency.

Utilization of Findings:
.~ The incorporation of recommended specific'chénges to procedures, policies,
and system design will improve M60A2 training effectiveness, will reduce existing

safety hazards, and will improve the overall effectiveness of the M60A2 tank
system,

ii
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1.0 INTRODUCTION

.t As a prelude to the introduction of the M60A2 tank into the weapons

inventory of the U. S. Army, Europe, an Intensified Confirmatory Troop Test

R T T

(ICTT) was conducted by .lst Battalion 67th Armor (1/67 Bn), 2nd Armored Div. at

Ft.Hood, Tx. This ICIT was intended to facilitate for the recipient European

ST AR
.

units the transition from the M60Al to the M60AZ tank system. The ICTT was
conducted by issuing the M60A2 tank to the 1/67 Bn which was at a training

level of Combat Ready in the M60Al tank. The training 2nd tramsition in

M60A2 tanks from Non-Combat Ready to Combat Ready was monitored and evaluated
by perscanel of the Ground Combat Directorate of Modern Army Selected System

Test, Evaluation and Review (MASSTER) of Ft. Hood, Texas. ; ' ]

/ = < -

2

1.1 Test Overview

The test was conducted through three distinct calendar and unit activity

periods identified as Phases I, II, and III. i

T R R I R )

1. Phase I consisted of crew and maintenance personnel training on the

M60A2 tank. The phase began with individual 1/67 Bn cadre training at

e Ft. Knox, Kentucky, for the gunners and tank commanders. The MASSTER

IRy

military evaluators also attended the Ft. Knox training which was modified

for them by the elimination of most of the live firing portion of the

R T

course., Maintenance training was held at Aberdeen Proving Ground,
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Maryland, for limited.numbcrs of 1/67 Bn personnel in Military Occupational
Sﬁ;cialties (MOS) 41C (Fire Control Repairman) on the M60A2 Fire Control .
Systenm course of instruction; and MOS 4SK (Tank Turrét Repairman) on the
M60A2 Turret and-Armament Course. Peréoﬁnél from Ft. Knox conducted
training at Ft. Hood in maiﬁtenance of'fhe Closed Breech Scavenger
System (CBSS) for MOS 63C, Tracked Vehicle uechanics.

Upon completion of the tank commanders' and gunners' cadre
training at Ft. Knox, these 1/67 Bn personnel returned to Ft. Hood.
There they conducfed individual ttaiﬁing consisting of classroom and
practical exercises for the tank drivers and loaders. This training
was preliminary to the figld training exercises.

The field-training exercises were conducted to prepare the'tank
platoons to fake their formal Platoon Army Training Test (ATT). 'The
Platoon ATT was the first formal evaluation ;tep to bgcdming M60A2
Combat Ready. As each platoon completed the ATT, they transitioned
to field training for the Company ATT. In.the Companv ATT the
platoons demonstrated the ability to operate effectively a; a
company sized uﬁit for all required tvpes of activity. The
completion of all formal Company ATT's germinated Phase I.

2, Phase II (Gunnery) comprisea the span of activity required to -
train each crew of the battalion in gunnery operation§ fo the point of

formal live fire gunnery qualification. This necessitated periods of

individual and crew training in duties and gunnery procedures bv means

of the dry fire technique. The dry fire period preceded deployment to

the firing range. During Phase II activity at the firing ranges each

crew proceedeh through the eight'formal tablgs required to complete
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Combat: Ready gunnery qualification. Successful complctidn by all crcus
of the gunnery qualification éoursc (Tank Table VIII) signified the
complction of Phase II.

| 3. Ph#se IIT activities involved éhé completion of the

final step to qualify t:h'e_ 1/67 Bn zis Combat Ready. This phasé con-
sisted of field training exercises where thé three companies interacted

as a battalion sized unit. The training terminatgd in the completion of

a formal Battalion ATT. Completion of the Battalion ATT was the end of Phase

III with the 1/67 Bn officially desigmated as M60A2 Combat Ready.

-machine interface within the M60A2 Tank System.

Human Factors Evaluation of the M60A2 Tank System

1.2.1 Objective

The technical objective of this effort was to evaluate the man/

Man/machine interface (human factors) problems with the operation

and maintenance of the M60A2 tank system were evaluated in a field
operation enVironmgnt with the 1/67 Bn, 2nd Armored Division. 4'
This eyaluation was perférméd concurrently wiﬁh and iﬁ close coordi- ;
nation with the M60A2 ICTT. Human factors prqblem areas were to be identi-
ficd.in the following specific areas: A

° ' Personnel Selection

¢ TIraining .

0 Opcratibnal and Maintenance Procedures
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Manuals and Publications

Equipment Design

Communications

When it was determined that changes were required in the above areas,

recommendations for change were to be formulated. An exception to this

procedure involved equipment design problems, where no recommendation

for redesign was to be presented except in those cases where the design

deficiency directly impacts crew safety.

1.2.3 Human Factors Evaluation Guidelines

Guidelines for ﬁerformance of the human factors evaluations

included the following:

The human factors evaluators participated

in all‘aspects of .the ICTT which could provide

information on human factors problem areas, including field
exercises, special tests, and classroom instruction.
Participation by human factors evaluators was always on a
non-interference basis. Non-interference meant that the
evaluators did not intrude or interfere with on-going crew
or maintenance activities.

Human factors evaluators worked in close coordination and

cooperation with other tank system evaluators, to ensure

-
-

that man-machine problems were viewed in the system context,
and to provide other evaluators with current findings and

implications of the man-machine evaluations.

B/ T, I s et e, S, TSR
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e Close liaison was maintained with other evaluation
personnei by human factors evaluators to promote maxi-
mum data use and minimize redundancy of questionnaires
administered. All data acquired was available to all
eval;atorq. The results of these questionnaires were
reviewed for data of use to the human factors evalu;tion
at the close of each test phase.

e The human factors evaluation involved the area of doctrine ‘é

of employment and tactics only to the degree that require-

ments in this area had an 1mpac; on, or are affected by

crew performance and safety.
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2.0  METHODOLOGY

1

The essential human factors. evaluation activities conducted during this
three phase program include data collection, data analysis and intecgration,
and report generation and publication. The 'data collection procedures con-

- sisted of:

Identification: Of problem areas through the application of

standard human factors analytical techniques

Observation: Of training and of tank crew perfofmance

Measurement: Of quantifiable factors underlying identified problems,
such as work station envelope dimensions, noise environment, etc.

Questionnaires: To be administered to participating tank crews

at the conclusion of each phase

Interviews: With tank crew members and organizatidn personnel

(company commanders, platoon leaders, etc.) ~

Data collected during Phase I was directed toward the”eﬁaluatiou of M60A2
-éank crew traininé, and tow#rd evaluation of the tank system man/machine
interface including design factors, pfocedures, communica;iohs; and docu-
mentation. Data collected during Phase II was tailored ;6 tﬁe éﬁaluati;n of
gunnery training and crew performance as well as continuing tﬁe evaluatidn
of tank design, procedures, communications, and documentation. Duriné Phase III
da;a included evaluation of maneﬁvering performance, both single tank and
tank nnit, and completion of the evaluation of tank design, procedures,

communications, and documentation.

0 AT AT g ot e o g T ST e o S e R e e S Sl




Data analysis and integration activities generally involved:
e data validity checks ‘ ; .

o 1ldentification of potential problem areas

verification of problems

o

e¢ determination of problem criticality for crew performance ]
and safety

e 1identification of causal factors and contributing conditions

e development of recommended solutions to problems

The principal methodological problem area was the limitation placed
on Essex personnel in actually riding in or on tanks to observe opera-
tions at .firsthand . For safety reasons, no one is allowed on
the exterior of a tank when it is in motion. Due to severe workspace con-

straints, there is simply no room in a fully manned M60A2 tank for an evaluator 1

to observe crew operations and performance in an unobstrusive manner.

A description of human factors evaluation activities in each of the ICTT

Phases is presented below:

2.1 Phase I Training

In conjunction with the evaluation activities specific to each Test

Program phase, a human factors analysis effort was initiated in Phase I

and carried through the remaining two phases of the program. This effort

essentially involved the application of specific analytic methods and the

integration of information resulting from Phase specific evaluations and

prior anmalyses. The specific analyses conducted during this effort, and

the activity involved in developing evaluation Criteria, are presented

below:




2.1.1 Task-Timeline Analysis

Based on reviews of documents, walk throughs of procedures, and j

2
-
. o

discussions with personnel familiar with tank operation, a task analysis
- time line was generated for each significant operational mode (Appendix A). 1

These modes included: - |

pre/post operational check

carry mode operation

conduct of fire-conventional-all modes
conduct of fire-missile engagement
conduct of fire-COAX engagement
conduct of fire-.50 caliber engagement

e e S sl
® 000 0 0

SN BB i o 2k 1Y 5

The analysis identified the tasks and task sequences for individual ]

crewmen as well as interactions among crewmembers. The results of this

0

analysis provided the operational requirements which served as the‘baseline

ik ool - Setas onin

for the remaining analyses.

2.1.2 Operability Analysis:

ol o A

The assessment of M60A2 tank system operability involved: | 3

o design for operability - specifically design aspects of the
man/machine interface, including controls, displays, optical
3 ‘ 3 aids, workspace, console layout and arrangement, communications
3 - equipment, seats and restraints, handholds and footholds,
hatch dimensions, etc.

L

adequacy of operational procedures and operatiohal sequences 3
e 2adequacy of crew workloads - both physical and mental

¢ adequacy of crew skills and skill levels

2.1.3 Safety Analysis

An assessment of the safety of M60A2 equipment and procedures was

performed in conjunction with the operability analysis. The data acquisition

methods used in this analysis were the same as those identified for the
operability analysis. The safcty analysis stressed identification of po-

tential hazards, including:

B NI PR, RN e I S e » o



electrical hazards - electrical shock, etc.
mechanical hazards - moving parts '
structural hazards - sharp edges, corners, etc.
atmospheric hazards - toxic fumes, etc.

noise hazards gk

2.1.,4 Maintainability Analysis

The essential activities in this analysis included determination
V;f equipment accessibility for removal/replacement, and proﬁlem areas en-
c&untered in the conduct of such maintenance activities as re-supply and
refurbishment, cleaning, inspection, fastener or connector activation and

verification, actual removal and replacement of components and modules, and

use of tools and test sets.

2.1.5 Documentation Analysis

Tank system manuals and documents were reviewed in terms of their reada-

bility, content, and physical characteristics.

2,2 Phase II - Gunnery

The primary activities performed during this phaée incln&ed the conduct
of the hunan factors evaiuation of gunnery training and crew pérformance,
'? E; thé continuation of human factors analyses as described iﬁ Section.Z.l, and
the aﬁalysis and interpretation of data obtained in Phasg I. -
As the ICIT progressed, it became apparent that sdme special étudies
were required. These studies included an evaluation of the Tank Commander
(TC) seat assembly, a study of ;he effects of a full-combat ammunition load

on crew performance and on the tank system itself, and a study on driver

safety problems.
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The 1C seat assembly study was performed by direct observation with
stop watches and schematic diagrams used as aids in data collection.

During the full-combat load test a human factors evaluator participated
as a crewmenber, making direct observaﬁidn and conducting intcrvicws with

crewmen of the other tanks used in the test.

For the driver safety Eest, a study of the problem and review of poten- -

.tial solutions were performed. An approach was selected and an empirical

evaluation was made through the fabrication of a mock-up to determine feasi-
bility.

These thr;e studies are reported in detail in Appendices C,D, and E of
this report. The findings were-submitted to the appropriate authority for

review and possible implementation.

2.2.1 Tank Gunnery Evaluation
The activities performed in the Human Factors evaluation during Phase
II include the following: : T

Preliminary Gunnery Evaluation

During the initial segment of the phase, Essex personnel observed
gunnery tréining exeécises and the conduct of the Preliminary Gunner's
Exam, and conducted interviews with trainees and evaluaﬁioﬁ'pefsonnél.
The factors of particular intereét during this segmeht include éhe following:

1) Adequacy of instruction, training aids, course content, etc. ..
as conducted in the Training Phase.

2) Adequacy of equipment design, information flow, communications,
procedures, and operational sequences as they affect performance
and .safety of individual crewmen during gunnery exercises.

3) Adequacy of the above items as they affect integrated perform-
ance of the entire tank crew.
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Tank Firin

The factors of concern for this phase included:

1) Adequacy of gunnery controls and displays while stationary
and while moving.

2) Adequacy of procedures and operational sequences.
3) Adequacy of communications techniques.

4) Adequacy of information flow, within the tank, in terms of target
information, gun status, feedback, and decision information.

Phase I1 Questionnaire

The human factors gunnery questionnaire developed by Essex and adminis—
tered to all tank crewmen at the end of Phase II is presented in Appendix
B.

2.2.2 Continuation and Update of HF Analysis as Required

Activities included cpmpletion and modification of human factors
analyses as described in Section 2.1. During Phase II particular atten-
tion was given to those aspects of the analyses which are related to gunnery

requirements.

2.2.3 Analysis and Interpretation of Phase I Data

During Phase II, the reduction, analysis, and interpretation of Phase
I data was undertaken. The analysis included:

o Compilation and analysis of data obtained from the Phase I
human factors questionnaire.

o Compilation and analysis of data relevant to the human factors
evaluation which were collected using questionnaires developed
by other evaluation elements.

o Enumeration of problem areas identified in the training evalua-
tion with indications of the magnitude and severity of the
problems.

|4
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e Integration of problems identified from the several sources
enumerated above.

o Assessment of potential causal factors and development of
candidate solutions to identified problems.

e Identification of areas where additional information or
clarification are needed from Phase II and III evaluations e
to resolve inconsistencies, incompatibilities, and gaps in
the data base obtained in Phase I.

2.3 Phase III - Battalion Field Training and ATT

2.3.1 Battalion Evaluation

During the conduct of the Battalion Field Training and ATT the primary
human factors evaluation activities involved acquiring additional data on
problems identified in Phases I and II, and collecting information on crew
and crewman performance with individual tanks, platoons, and companies
comprising an integrated fighting unit at the Battalion level. A good deal
of emphasis was placed on ;ommunications problems during this phase, due to
the nature of the activities.

The techniques used to collect information during Phase III evaluations

were the same as those described for Phases I and II.

2.3.2 Continuation and Update of Human Factors Analyses

The human factors analyses were continued as described for Phase II
(Section 2.2.2) with the exception that in Phase III particular attention

was given to tank maneuvering and coordination with other elements.

2.3.3 Analysis and Integration of Human Factors Evaluation Data

In this step all data obtained during the evaluation were subjected to
analysis and integration. The problem areas investigated and the

methods implemented in their solution include:

Ak
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o Personnel selection analysis techniques - correlation of
questionnaire and interview data with performance measure-
ments, and training problems identified for specific
crewmen. . A

¢ Training - compilation of training problems identified in
each phase. Correlation of training problems with per- 1
formance problems. Review of trainee and instructor com- | 2
ments, opinions, insights, and attitudes. Development of ;
recommended changes in the training program with indica-
tions of the impact of the changes on training effectiveness.

o Manuals and Publications - evaluation of document reada- ]
bility, organization, and use readiness. :

v

e Doctrine of employment and tactics - treated only to the
extent that they are affected by human performance capa-
bility and safety.

e Operating procedures - adequacy of techniques and sequences
given the operational and environmental conditions existing
during the test, and the hardware design configuration pres-
ent in the tanks during the test.

¢ Equipment design - for operability, maintainability, and
safety. Particular attention will be given to identifi-
cation of problems and causal factors, and assessing the
degree to which problems can be circumvented through
changes in procedures, training, selection, or tactics.

e Communications - compilation of equipment design problems,
standard procedures, message readability, etc., as they
affect communications effectiveness. Determination of
causal factors for problems and development of recommended
solutions. 5 :

e Interrelation of the above areas to identify dependencies
and interactions existing across them. Development of
changes in each area and determination of the effect of

25 these changes on other areas.
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3.0 RESULTS AND DISCUSSION

This section will describe and discuss the results of the human factors

evaluation of the M60A2 tank system. The results are presented in the

following categories:

1.

Personnel Selection

Training —~ Operations and Maintenance
Operational andlMaintenance Procedures
Manuals Qnd Publications

Equipment Design

Communications

The following subsections describe the findings and conclusions formu-

lated during the M60A2 evaluation for each of the above listed categories.
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3.1 Persomnel Selection Evaluation

i % 3.1.1 General :

; i Personnel selection cr;tefia usually include such factors as physical
% : i‘and mental requireménts, and reﬁuired skills,-skill levels, and knowledge
“’[ .. assoclated with a designated position. No attempt to directly measure tést
1 subject skills and skill levels was made since genefal agreement was not
?E' : available regarding just what skills and skill leveis were required for

each tank crew position.

| . W

3.1.2 Results and Discussion

4 , . eyl
‘ﬁ E . The only applicable information obtained during the M60A2 ICTT for
| i assessing personnel selection criteria were derived from interviews and

" questionnaires. Company commanders and tank commanders were asked

(during interviews at the conclusion of the Training Phase and the Gunnery

Phase) to describe special physical,'ﬁentai, and skill'requirements associated

o

with crew positions in the M60A2. Representative responses included the

following:

TR PR

e Physical

- due to confined workspace crewmen should be small (See-page 29)

- crewmen should be tall enough to have visual éccess through
hatches and periscopes (See page 29)

PP R T EE R

e Mental

T oS A s b s e i
.

- .crewmen must be intelligent and motivated

- for the loader position, the average loader with an MOS of
{ e 11E10 does not understand what he is to do

- loader needs to be at least an 11E20 due to increased skill
requirements




- crewnen need to be safety consclous

e Skills

Al 4 - current aptitude areas seecm to be adequate

no crewman needs a strong background in electronics . 1

2
I

-~ gunners should have a higher skill level than drivers

9 : - generally the skill levels authorized for each crewmember
should be maintained with the possible exception of the
loader position (some TC's recommend upgrading the position
to an E4 and designating it assistant gunner).

3.2.3 Conclusions - Problems

The only problem areas identified for per;onnel selection were that larger

soldiers had difficulties, and that current loader skill requirements may be

insufficient. The magnitude of the problems has not‘been épecified.-

3.2 Training Evaluation

3.2.1 Introduction

The objective of the evaluation of M60A2 personnel training was to

establish the general effectiveness of such training and to identify specific

probiems associated with training courses. ihe evaluation was cpn&ucted
for tank crew training and for maintenance persoﬁnel trainiﬁg}
The information used in the evaluation of trainingrwas obtained through
! ; questionnaires, interviews, and direét observation of training classes and
§ . exercises by human factors evaluations. The struéture of the tfaining‘
% . evaluation 1n§1uded the following specific evaluation dimensions:

e Evaluation of course confent or the quantity and quality .of
( a o training information presented, in terms of:

- course comprehensiveness or breadth of material - does
course content include all inforamtion which a trainee
needs to know?

Lot e o %
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= course coverage or Jevel of specificity of material - does
coursce content include material at the depth required by

trainces? .

- course clarity - are instructions and information clear and
unambiguous?

- coursc consistency - are training methods and procedures
consistent and standardized? :

- course compatibility - is the level of detail consistent
with the progression of the trainee in the course?

Evaluation of instructor skills and knowledges

- do they have technical skills and knowledges?

- do they have reqﬁisite instruc;ional skills?

- are skills and knowledges consistent across instructors?
Evaluation of training aids and materials

- are they Qell organized and meaningful?

- are they in sufficient quantity for the number of trainees?
- are they consistent across courses?

Evaluation of tr;ining measures and criteria

- are criteria (standards of performance) well defined,
attainable, and quantified?

- are measures of training defined and quantified?

" T=__are measures structured to enable identification of weak

areas?--—_

~

- are measures appliedhiansistently across crewmen, Crewvs,
platoons, and companies? :

Evaluation of training effectiveness
- 1is remedial training directed to identificd wcak areas?

- 1is remedial training consistent over all trainees, crews,
platoons, and companies?

- idis the individual trainee confident of his acquired skills
and knowledges?

17
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- what is the degree to which personnel possess required _ * 1.
skills and knowledge at termination of training?

- what is the degree to which each tank crew represents an
integrated and well coordinated unit at the conclusion
of training? i

The following sections contain the results of the training evaluation and
the identified problem areas for tank crew training and maintenance personnel

training.

3.2.2 Crew Training Evaluation

Ja2.2.% General

The data collection methods used in this assessment of crew training
included observation, interview, and use of questionnaires. The observation
entailed having human factors evaluators observe and assess crew training

activities in classroom situations and in the field. The evaluators observed

training in all areas listed above with the exception of the cadre course.

Interviews comprised discussions with instructors and trainees throughout the

training program. Interviews were largely informal since non-interference
with on-going activities was a constraint placed on all data collection acti-
Qities throughout the human factors evaluation;program. Interviews were
structured to the extent that the information sought by the evaluators had
been identified as the basis of analysis of data from observations, ques-
tionnaires, and training program plans and protocol. Several formal inter-
views wgre held during the training program, specifically with company
commanders and tank commanders. These interviews were set up by MASSTER

personnel who invited the human factors evaluators to participate.

Questionnaires were administered to tank crews at the conclusion of
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Phases I and II. These interviews were developed by MASSTER evaluation
elements and by human factors evaluators. The primary objéctive of the
interviews was to sample the views, opinions, attitudes, and insights
of tank crews concerning the training they received, their own learned
levels of skill and knowledge, and the M60A2 tank system itself.

A fourth evaluation method used extensively by human factors evaluators
consisted of gathering data from the other evaluators participating in the '
ICTT. Human factors personnel attended daily meetings of all evaluators
where the status and problem areas identified in the ICTT were discussed.
They also accompanied company evaluators in all field exercises, riding in

a jeep either with or directly behind the company evaluators.

"3.2.2,2 Results and Discussion

The segments of M60A2 crew training which were subjected to a formal
evaluation included: .

1. The cadre course for TC's and gunners at the Armor School.
Ft. Knox.

2, Individual training for drivers and loaders at Ft. ﬁood
conducted by the TC's and gunners .who had participated in the
cadre course.

3. Gunnery training, specifically during ICTT Phase II.

4. Overall training conducted during the three ICTT phases
which consisted of field instruction, familiarization,
on-the-job training, and practice for unit ATT's (platoon

- company, and battalion). The evaluation of overall training
.will not be treated as a separate subject but will be in-
cluded in segments 1, 2 and 3 above.

The results of the training evaluation for the first three segments

are described below.




1. Evaluation of Cadre Training at Fort Knox

Tank commanders and gunncrs attended a cndrc-tfainiug course at Ft, Knox

where they received 51 hours in instruction and another 51 hours in gunncry

T Y

o

2 exercisks on the M60A2 tank systems. The major course subjects included: .
% : e armament, controls, and equipmcht ; 11 hours
( : .
5 e mechanical training -~ machine gun 4 hours
% e missiles and conventional ammunition 2 hours
% , ¢ conduct of fire 8 hours
¢ | «
E' e auxiliary fire control instrumentation and
? range cards 4 hours
i 3 o prepare to fire procedures e 8 hours
|
3 { e target acquisition 8 hours
% e M42/43 conduct of fire trainer 4 hours
é + operator maintenance | ’ . 2 hours

The gunnery exercises included: B4 : \

¢ preliminary gunnery examination ; : - 8 hours
e sub caliber firing 4 hours
3 o stationary and moving targets- day ' 8 hours
‘ - night - 4 hours
e stabilized gunnery exercise GEATLE 7 hours
¢ machine gun exercise - day i : '8 hours
- night 4 hours s
¢ crew field firing 2 8 hours
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The general opinion of tank crewmen (as indicated in following paragraphs)
vho participated in the cadre training at Ft. Knox was that it was satisfactory.

It is difficult to determine if this was due to the experience levels of the

'Erewmen, the level of hands-on training which they received, or the quality

of the training itself.

Course Content-Comprehensiveness

One problem with the scope of the cadre course was identified
by company B TC's who stated in the tank commander interviews that the
Téidoes need instruction on turret maintenance which he currently does
not get in the cadre course.

Another problem area associated primarily with the scope of the
training related to the use of passive night sights. This sight is
included in both the gunner's periscope (M-50) and the Tank Commanders'
periscopg (M-51) when used on the 10 power éetting. All éompany C platoon
leaders stated that their crews did not receive sufficient training at Ft.
Knox because of magntgnance problems with the available ﬁ60A2 tanks.
These vehicies began to experience failures (not in the passive night
~devices) and were unavailable for traiﬁing. This situation carried
over to the other company B, which attended the Ft. Knox school.

Training on the passive sight system was limited to classroon
instruction on how to turn the system ON and OFF. The "C" Company
platoon leaders interviewed stated that the platoon learned how to :
use the passive night sights by reading the Operator's Manual, TM-9-

2350-232-10 and following the instructions. The problem with the passive

night sight training is twofold:




_ operations can be conduc}ed if personnel utilize training periods effectively

i r—
fai b S T

1. Lack of training in the formal school setting

2, Pattern or form recognition

The two are interrelated, but it should be noted that successful

(i.e., hands-on training during periods in the field). According to the P
platoon.leaders intervieﬁed, the best method to learn use of the sights‘is

to use them against a known target by scanning the "aggressor" area at the

horizon to obtain optimum contrast. That is, obtain a target agafnst a .
light or dark background or to look for a discontinuit& against the horizon.

It 1s'apparent tha; the operator must know the general form of his target

in order to minimize detection or search time. Also, the best method for

training would be to place a target af a known location and allowing all tank
personnel to scan the target area, acquire and identify the target. This

allows everyone to become familiar with the system,

Course Content -~ ngpletenesé or Depth of Coverage

When asked if they had received sufficient training at the Armor
Scﬁool to prepare for iheir duties as tank commander and gunner, only'

. 17% of the 75 TC's and gunnefs questioned responded with an unequivocal
yes.. An additional 76% (57 individuals) answered yes with the stipula-
tion that additional on-the-job training was required. Only 6 percent ?
responded that they had not received sufficient training at Ft. Knox.

Each TC and gunner was asked if'théy felt that they needed more or

less time on each major subject and gunnery exercise than the time
allocated in the course. The results, as percentages of responses
for the subjects and exercises, are depicted in figures 1 and 2

respectively.
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As indicated in figure 1, approximately 30% of the 10C TC's and
gunners felt that they needed more time on 8 of the 9-subjects taught in
the cadre course. The subjects receiving the highest frequency of .
responses for more training were:

a) conduct of fire trainer

b) conduct of fire

c) operator maintenance

d) prepare to fire,

e) armament, controls and equipment

From figure 2 it is -evident that of those who felt that a change
was necessary, TC's and gunners felt that more training was required on
5 of the 8 exercises. The exercises receiving the greatest proportion
of such opinions were: stationary and moving targets —- night, and ~
stabilized gunnery.

From these results it is concluded that the primary areas where
TC's and gunners feel that additional training coverage is needed in
" the cadre course are those which apply directly to gunnery (specifically

conduct of fire, prepare to fire procedures, armament, stationary and

moving targets, and stabilized gunnery) and to operator maintenance.

Course Content - Clarity

No problems identified

Course Content - Consistency

No problems identified for the level of progression of course
mentioned and for standardization of training procedures.

Course Content ~ Compatibility

No problems identified

Instructor Skills and Knowledge

No problems identified
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Training Aids and Materials

Tank Commanders and gunners were asked at the end of the training phase
to indicate their opinions of the cadre course training aids and materials.
The summary of three opinions is as follows:

e 93%Z (70) stated that training aids were helpful and easily
understood

e 46%Z (33) said that the amount of hands-on equipment time
was adequate

e 59% (44) felt that the number of training aids was sufficient
so that all students could benefit from them

There is, therefore, no problem with the training aids themselves, in
terms of crew opinions. There is a problem with the adequacy of hands-on
equipment time at the Cadre School. This problem is probably due to the
distribution of classroomhinstruction and practical application. When asked
how the cadre course should be structured in terms of amount of classroom
instruction or practical applicatibn, the TC's and gunners were strongly in
favor of a greater allocation of time for practical application, which would
include hands-on equipment time (69% wanted two thirds or more of the time
spent on major subjecté in the course given over to practical applications,
while for gunnery exercises the proportion who wanted two thirds or more of
the time given over to practice was 80%). This problem should not be re-
solved at the expense of classroom instruction time, since only a very few
of the TC's and gunners requested less time spent on any course area
(figures 1 and 2). Additional time should be allocated for practical appli-
cation of information learned in classroom instruction, and added to the time

currently scheduled for the course.

BT 1411300 A S P
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The finding that 59Z of the TC's and gumners who had attended the cadre
course veré satisfied with the number of training aids, at the end of Phase
I, is contradictory to a finding (from Phase II questionnaires) that only
25% of 79 TC's and gﬁnnegs rated the number of students per training aid as
adequate. Vhen asked to identify an adequate fatio, the respondents (63)

were highly variable in their opinions, as indicated below:

Number of Students per Aid Number Selecting 7% of Total

one 2 3
two .31 iy 50
three 5 8
four 14 : 22
five to seven li 19

One half of the TC's and gunners favor 2 studenfé per aid, and 417 -
favor between four and seven. No explanation for this bimodal distribution

is currently available.

‘Training Measures and Criteria

No detailed research information was obtained on the teéting whiéh terminated
the cadre course. This tesﬁing is primarily directed at determining if fhe
 student possesses the skills and knowledges required at the conclusion of
‘the course, and his performance is scaled in terms of pﬁss or fail. Con-
sideration should be given to identifying weak areas of skills and knowledges
for each student, even if he passes and especially if he fails. Feedba;k of

weaknesses to the student should serve to direct and focus his efforts toward

improving his skills.
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Overall effectiveness of the cadre course

A group of 9 evaluators and platoon leaders who had participated in
the cadre training rated it good (55%) and very good (45%). Tank commanders
and guﬁners rated the gourse as very good (512); good (46%) and borderline
(3%).

A total of 24% (24 of 99) of the TC's and guﬁners who were trained on
the A2 did not take the.cadre course. Of these, 2% recgived A2 training
at Knox, 12% bad A2 training elsewhere, and 10Z had no A2 training at all.

A total of 93% (68 of 73) of the'rcfs/gunners reported the classroom

instruction in the cadre course to be adequate, and 937 also indicated that

the amount of time spent in individual study and review was adequate. One

potential problem area was in the amount of hands-on equipment time, whe;e
only 46% reported.that it was adequate. This was probably due to the shortage
of tanks and training aids during the course (see graining aid evaluation)

Ap evaluation of the effectiveness of the trainingAgiven at the Armor
School was made by evaluators and platoon %eaders when they were asked to
rate the need for the cadre training. The que;tion, présented ts 11 individ-
uals who stated that ihey had the opportﬁnity to compare performance of Ft.
Knok trained personnel with those getting OJT.only, was, what was the relative
effectiveness of each type of training?

e A total of 557 of evaluators and platoon leaders stated
that the need for cadre training was demonstrated in

that Ft. Knox trained personnel consistently outperformed
th who acquired the same skills through OJT.

e The remaining 45% judged the nced for cadre training to
be marginal since people who attended the course initially
outperformed those receiving 0JT, but after a few weeks
the performance of cach group was about equal.

28
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e No cvaluators and platoon lcaders reported that OJT people
consistently outperformed cadre trained pecople

Two items in this finding remain unclecar. First, how did the evaluators

and platoon leaders define 0JT trained people. -While 76% (75 of 99) of the

"iC's and gunners trained at Ft. Knox took the cadre course, 147 stated that

they had received M60A2 training elsewhere (at Ft. Knox but not in the cadre
course, and at other locations), and 107 stated that they had never been
trained in the M60A2. WAS the OJT group composed of all those who had not
taken the cadre course (but some of which had received formal training),

or only of those who had not received an§ for&él training in the tank.

The second point which is unclear in the reported comparison of cadre

trained and OJT trained personnel is, how was the evaluation conducted?

" Was it based on subjective impressions? made on an established schedule or

at random? or was. it based on objective performance measures obtained on
personnel of the two groups during platoon and company ATT's?
It is interesting to note that all evaluators and platoon leaders rate

the cadre course training as either good or very good (no'person gave a rating

"lower than these two). HoweVer, almost half of this group stated that the

need for cadre training, as compared with OJT, is marginal. One additional
factor not accounted for in this finding is, to what degree is OJT effe;tive
insofar as it is conducted by instructors trained in the cadre coufse.

When all tank crewmen were asked at the end of Phése ITI to rank the
importance of'several factors in making a successful transition from the
M60ALl to .the A2, the highest rated item was OJT (39% or 58 of 198 resp;nses
ranked it first). The second ranked factors were specialltraining,

specifically cadre, and physical size, both of which were ranked as most
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important by 27Z of the crewmen.

2. Evaluation of Individual Training of Loaders and Drivers

The individual training of loaders and drivers was conducted at Ft.

Hood, by TC's and gunners who had attended the cadre course. A total of

.

80% of the loaders and drivers trained in the MéOAZ ICTT (62 of 78) reported
that they had participated in the individual training. The duration of the
training varied by company due to test scheduling difficulties. C comp#ny
5, received the largest training period, almost 3 weeks.

-

The evaluation of the individual training is presented below:

Course Content — Comprehensiveness<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>