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FOREWORD

AT

The Fort Hood Field Unit of the Army Research Institute (ARI) has devel-
oped a series of target recognition and identification (R&I) training programs
as part of Task 3.2.1, Target Acquisition and Analysis Training System (TAATS).
Both Training and Doctrine Command (TRADOC) and Forces Command (FORSCOM) have
recognized the need for standardized R&I training and requested that ARI de-
velop such programs. The programs were developed under the proponency of the
Combined Arms Center (CAC), Fort Leavenworth, Kansas.

This report examines the Basic Thermal Combat Vehicle Identification (TCVI)
Training Program, the third in a series of four R&I training programs developed
by the Fort Hood Field Unit. The TCVI follows the development of the Basic
(Photopic) Combat Vehicle Identification (CVI) Training Program and a set of
CVI Flash Cards. These three training programs have been adopted as standard
training programs by the Army and are designated as GTA 17-2-9 (Basic CVI); GTA
17-2-10 (TCVI); and GTA 17-2-11 (Flash Cards). The fourth program, Advanced
(Photopic) CVI Training Program (Masking), was completed and delivered to the
Army and awaits production. The evaluation presented here examines the techni-
cal and training effectiveness of the Basic TCVI Training Program for use with
the Tank Thermal Sight and Thermal Integrated Sight found on the M60A3 and Ml
US tanks respectively.

As a result of this assessment, TRADOC adopted and distributed the Basic

TCVI Training Program through Training and Audio-visual Support Centers (TASC)
for use as the standard Army program.

ED:AR M. JOHN§ON

Technical Director
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TARGET ACQUISITION AND ANALYSIS TRAINING SYSTEM: EVALUATION OF THE BASIC
THERMAL COMBAT VEHICLE IDENTIFICATION (TCVI) TRAINING PROGRAM

EXECUTIVE SUMMARY

Requirement:

The Target Acquisition and Analysis Training System (TAATS) research pro-

gram was designed to develop a series of logically related training programs

in vehicle recognition and identification (R&I). The impetus for such a system
was provided by a series of requests dating from 1975 from both Training and
Doctrine Command (TRADOC) and Forces Command (FORSCOM). In 1980, an integrated
series of training programs was planned in conjunction with the Army's proponent
for vehicle recognition, the Combined Arms Center (CAC), Fort Leavenworth, Kan-
sas. The first of the training programs was the Basic Combat Vehicle Identifi-
cation (CVI) Training Program produced in 1981 and adopted by the Army the same
year as its standard R&I training program.

In November 1982 CAC requested that highest priority be given to the devel-
opment and testing of a Thermal (Infrared) Training Program in response to
urgent requests from commanders in Europe and from the Deputy Chief of Staff,
Training, at TRADOC. In April 1982 the Basic Thermal CVI Training Program, us-
ing simulated thermal images, was completed and tested in Europe. This report
briefly reviews the development of the Basic Thermal CVI Training Program and
presents the research results from the evaluation.

Procedure:

The Thermal Combat Vehicle Identification (TCVI) Program training was
given to 74 tank crewmen of the 8th Infantry Division, U.S. Army Europe. Two
locations were selected. At Site One, where 41 men were trained, the objective
was to measure performance changes from pretest to posttest on TCVI to determine
its effectiveness as a training program. At Site Two, 33 men were trained and
measured in a manner similar to that at Site One. However, at Site Two, the pri-
mary objective was to determine if order of training (i.e., Basic CVI training
first, followed by TCVI training, or vice versa) was important. Both types of
training were given, preceded, and followed by the corresponding photopic or
thermal test.

Because of the nonavailability of comparable thermal images of NATO and
Warsaw Pact combat vehicles, and because of the short time frame, it was neces-
sary to use simulated thermal images. This same nonavailability of actual ther-
mal images of vehicles precluded a formal validation of the program. However,
CAC officer evaluators agreed that the simulated images were realistically
adequate.

vii
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Findings:

Results indicate that the Basic Thermal Combat Vehicle Identification

Training Program is an effective training
R&I with the infrared sights currently on
nificant improvements in both recognition
to the improvements produced by the Basic
(photopic) were demonstrated. Comparison
TCVI first and then on CVI with a group gi
indicated no significant differences betwe

The findings of this research led to

program for use in long-range target
the M1 Abrams and M60A3 tanks. Sig-
and identification scores comparable
and Advanced CVI Training Programs
of performance by a group train.d on
ven the courses in reverse order

en the groups.

the general conclusions listed below.

These conclusions are based upon the assumption that the simulated thermal

images used are reasonably valid represent

1. The Basic Thermal Combat Vehicle
substantially improves soldier pe

ations of actual thermal images.

Identification Training Program
rformance in recognizing and

identifying thermal images of combat vehicles.

2. For units that are highly motivat
fication and that are familiar wi
Tank Thermal Sight and Tank Integ
give training on the Basic CVI pr
Basic Thermal CVI program.

3. Performance on the TCVI program i
Technical (GT) score.

Utilization of Findings:

ed to learn combat vehicle identi-
th thermal sights, especially the

rated Sight, it is not critical to
ogram before giving training on the

s related to a soldier's General

Prepublication review of these findings by TRADOC led to the adoption of

the Basic Thermal CVI Training Program (GT
long-range recognition and identification

viii

A 17-2-10) as a standard program for
training by the Army.
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TARGET ACQUISITION AND ANALYSIS TRAINING SYSTEM: EVALUATION OF THE BASIC
THERMAL COMBAT VEHICLE IDENTIFICATION (TCVI) TRAINING PROGRAM
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INTRODUCTION

Background

Since World War II, considerable interest has been shown in the problems
of target acquisition, such as the detection, recognition and identification of
a target sufficiently well to permit the effective employment of weapons. New
weapons development has resulted in weapons and fire-control systems that can
engage targets at ranges far in excess of the ranges possible with the unaided
human eye. Although great technological advances continue to be made, the
human eye, when augmented, still provides the best way to recognize and
identify targets.

The need for recognition and identification (R&I) programs derives from
the diversity of vehicles expected on today”s battlefield. Among the many
vehicles used by our allies, some look different from ours, and some closely
resemble those of nations we consider to be potential threats. Training that

improves soldiers” R&I ability will help minimize friendly kills and maximize
threat kills.

Military Problem

The demands on human performance in this area of recognition and
identification have been increasing in the past several years. It hac been
generally accepted that the unfriendly (threat) armored forces likely to be
engaged by U.S. and other NATO units in a mid-to-high-intensity conflict in
Europe will be equipped with antitank missile systems that are both accurate
and lethal at ranges extending beyond 3,000 meters. This concern is made even
more acute by the expectation that the threat-to-friend force ratio will be
quite large (6:1). This general analysis led to increased awareness by the 6th
Cavalry Brigade (Air Combat) as well as the Armor School, Fort Knox, and the
U.S. Army Intelligence Center and School, Fort Huachuca, that as weapon systems
increase in lethality and accuracy, target acquisition performance (recognition
and identification) must be improved. It was in this context in 1979 and 1980
that Force Command”s Opposing Force Training Detachment, Red Thrust, found that
in both the active Army and Reserve components no standard recognition and
identification training program existed. In response to these concerns, the
U.S. Army Research Institute for the Behavioral and Social Sciences (ARI), Fort
Hood Field Unit, with the support of the Human Resources Research Organization,
Fort Hood (ARI/HumRRO), undertook a research program to investigate i\
systematically the problem of recognition and identification, particularly at
extended ranges. The relevant literature is reviewed in some detail by Smith,
Heuckeroth, Warnick and Essig (1980).

Research Solution: The Target Acquisition and Analysis Training System

e R SRR DY
S i,

The Target Acquisition and Analysis Training System (TAATS) research
program was conceived to provide a logical framework within which to conduct
research and to test and develop training programs and devices. TAATS
has produced a series of interrelated Combat Vehicle Identification (CVI
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Training programs. The first major objective of the CVI Training Program

series was to train soldiers to use cues to identify vehicles at realistic A

combat (engagement and preengagement) ranges. The first program, called the

Basic CVI Training Program, presents photopic images of scale model vehicles in

open terrain that do not obscure or mask the vehicle (Smith, Heuckeroth,

! Warnick & Essig, 1980). The advanced CVI Program places the vehicles of the !

| photopic series in hull or turret defilade as they might be viewed in tactical

¢ settings (Shope, Smith, Heuckeroth, Warnick & Essig). The CVI training program )
discussed here-the Basic Thermal Combat Vehicle Identification (TCVI) Training
Program-simulates Iinfrared (IR) images as viewed through the Tank Thermal Sight

: (TTS) and Thermal Integrated Sight (TIS). The design of the materials and

:_ procedures for all training packages in the CVI series aims to achieve the

¥ following characteristics:

-

- . S -

N
e Provide a controlled, standardized training package.

.'. O‘
n e Provide a basis for evaluating the level of success :
" reached by soldiers in R&I. X
e \
) \
o e Allow scheduling flexibility through the design of five-vehicle )
: modules.

b N
;: e Employ a minimum of support materials to keep training simple )
:: and operationally feasible for the military unit. ;
Y :
™ e Permit training of varying optics/distance requirements in

a classroom through simulation procedures.

b Purpose and Scope of This Research 4
. This research was designed to evaluate the training effectiveness of the f'
o TCVI Training Program. The Basic CVI Training Program performance

characteristics were used for comparison with those of the TCVI Training
Program.
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METHOD

General Description

The research had two major thrusts: (1) to evaluate the effectiveness of the
Basic TCVI program on recognition and identification performance; and (2) to
determine whether R&I performance is affected if training with Basic CVI or
TCVI is used first. Two sites were selected. At Site One, all soldiers were
pretested, trained, and posttested only on the TCVI program. At Site Two, all
soldiers were pretested, trained with one of the two programs, posttested,
trained with the other program, and again posttested.

-

e Ay N e e N
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Vehicle Infrared Images

In order to develop the Basic TCVI program, infrared (IR) images were
needed. Assistance was solicited from a variety of in-house laboratories
including Nightvision and Electro-optical Laboratory (NV&EOL) as well as
through Electro-optical and Infrared Measurements (E~-OIR), an ARI contractor.
Although the search was thorough, few of the images obtained met the specifica-
tions necessary to design a training program. Moreover, it was discovered that
a large percentage of the Images were taken with the settings on the tank
sights adjusted so that any part of the vehicles that radiated heat showed up r)
as white, and other parts of the vehicle were not readily visible. The E'
white-hot image, although extremely good for detection, becomes more blurred
than the black hot image and does not hold its shape as well as range
increases. Shape is the most critical characteristic for R&I according to a
study by Foskett, Baldwin and Kubala, 1978. Ratches and Swistak (1972) noted
in a study that in taking pictures of white hot thermal images from the Far
Infrared Target Indicator (FIRTI) display that the brightness and contrast
ad justments were set for detection, which often “caused blooming of the target
which degraded edges of the target. This blooming effect also hurt
recognition...”

t'r_,._. S

In addition, technical personnel who worked with thermal sights felt that
perceptually the white-hot image was more affected than the black hot image by
a large number of conditions such as temperature, ambient lighting, and
atmospheric conditions. These factors were alleged to reduce the reliability of
the white-hot signatures/cues and increased the number of possible images a
soldier would have to learn. For example, if 30 vehicles with five views of
each were considered and only three different conditions of temperature,

ambient 1light, visibility (snow,
2,000, 2,500 meters), the number
No R&I training program could be
First, the amount of information
ties. Second, the production and

Command (ATSC) would almost certainly rule out the use of 35mm slides.
problem argues for a shift to another system such as a sound filmstrip
projector system or videodisc/tape with microcomputer control.
solution is technically possible, it was not feasible due to the lack of needed

S te N e
.

T N N L L L e e . AR R T R LG TR A RS W TRy
D A I B D I O S A A AT N A RN I AN A N N AT AN NN ¢

rain, fog) at four ranges (1,000, 1,500,

of images needed for training would be 16,200.
built on such requirements for three reasons.
exceeds the limits of human learning capabili-
funding procedures of Army Training Support
This

Although such a
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equipment available to units that need the training. Few if any of them have
access to videodisc players or microcomputers and the sound filmstrip system is
not currently in the military supply system. The most readily available piece
of equipment is a 35mm projector. Recent ARI experience with line units in
Europe revealed that even these were hard to find, and replacement parts such
as bulbs or trays were often absent. Third, even if the thousands of 35mm
slides were produced, management of such an unwieldy program at battalion level
would be extremely difficult.

In order to find a solution to the training challenge presented by the
white-hot image, ARI”s contractor team, HumRRO, took over 3,000 photographs of
a limited array of vehicles through the M60A3 and Ml tank IR sights. They
found that by changing the polarity switch on the sight to black-hot, the
images of most vehicles took on the characteristics of a silhouette that
maintained its shape much better than the white-hot image, particularly at
longer ranges. This finding minimized the problem of image instability.

One major concern remained: where to acquire black-hot images of the 30
vehicles in the CVI array, photographed through a Tank Integrated Sight or Tank
Thermal Sight, and at the specified ranges needed for training? This problem
seemed insurmountable given the short time available to produce the TCVI
program unless a means of simulating the maximum—-high-contrast image in the
black-hot setting were possible. Experimentation with actual and simulated
thermal images of the M1l tank and the 2 1/2 ton truck resulted in simulated
images that were markedly similar to the actual images obtained through the TTS
and TIS sights and not easily discriminable by observers. The control resulted
in the target being almost totally black and the background lighter. Based
upon the knowledge of how to simulate the images of the M1l tank and the 2 1/2
ton truck, simulations were made of all 30 vehicles in the array.

An informal validation of the simulated images was done by the research
staff and CAC officers. Although the evaluators felt that the images were
realistic and quite adequate, no assertion is made that the simulations used
represent all possible images that might be created by various sight settings.
While a complete formal validation is desirable, one major factor mitigated a
more thorough validation. As discussed earlier, actual thermal images of a
significant number of the 30 NATO and Warsaw Pact vehicles were not available,
nor was there any possibility of them becoming available within the time
constraints imposed on the development of the program. Thermal sights were
being installed in all M60A3 tanks in Europe within six months and the
development of a thermal sight training program within that six month period
was given high priority by commanders there. The validation limits were
understood and accepted by CAC.

Thermal CVI Simulation Procedure

A terraln background drawn on paper was placed on a table constructed of
matted acrylic plastic shaped to provide an even transition from background to
foreground. A reference point was marked on background and each model was
placed, in turn, on the reference point. Front and rear lighting were balanced
to provide a silhouette image. A video camera was focused on the models and
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o
the video signal was fed to a high-resolution (600-line) monitor. Image size 4
was adjusted to provide compatibility with the CVI sizing template. Photo- ﬁ
graphs were taken of the face of the monitor with a Nikon 35mm camera mounted A
on a tripod. The film used was Kodak 135-36 Ektachrome 64 professional. : o
4
Soldiers Trained é‘
. Ly
At Site One, 41 soldiers from the 1/68 Armor Battalion situated at ﬂ
Wildfleken, Germany, received TCVI training. The median age of the soldiers
was 27 years, with a range of 19 to 50 years. The median number of years of N
service was 6.4, and the range was .8 to 7.6. The median rank was Staff iy
Sergeant with a range of Private First Class to Master Sergeant. Most of the oy
soldiers, 90%, were from 19E MOS. T

»

At Site Two, 33 soldiers stationed with the lst Brigade of the 4/69 and
2/28 Armor units at Mainz, Germany, completed the training. The median age was

)
28.4 years, with a range of 18 to 39 years. The median number of years of h{
service was 10.5 with a range of 1.25 to 15. The median rank was Staff .
Sergeant with a range from Private First Class to Sergeant First Class. The eﬁ
overwhelming majority of the soldiers at Site Two also held a 19E (70%) or 19D X
(15%) MOS.
”
Training Procedure k
\
At both sites, soldiers were tested on a CVI/Thermal test+ before and after .
training on 120 slides composed of 60 photopic and 60 simulated thermal images, ;(
randomly presented. For both photopic and thermal image slides, there was a
front and an obligue view of each of the 30 vehicles in the program. g
The data collection plan for Site One was simple and was dictated to a x
large extent by the needs of the miltary unit. Only thermal training was to be )
given to tank crews. They were measured before and after training on the )

L)

CVI/Thermal test. The soldiers were divided into two groups because of the
size limitations of the classroom, but were treated analytically as one group.

The original design for Site Two called for 5 groups of 20 each.
(See Table 1.) Forty were to be trained with CVI and then TCVI, another 40 in
reverse order, and 20 were to serve as an experimental control (receive no
training). Following pretesting, soldiers were assigned to groups based on
recognition performance scores so that groups were roughly comparable prior to
training. However, before training began, a series of changes in this design
were necessitated by other demands made on the participating units. The major
reason for change was that thermal sights arrived late and had to be installed X
in preparation for gunnery training. Table 2 describes the actual o
training/testing schedule that evolved.
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Table 1

Original Data Collection Schedule for Site Two

G Vo8 5.8° 0.8 900 S8 0oy ¢

Pretest Training Posttest Training

Post-posttes

t

Group 1 . CVI/Thermal Cvl CVI/Thermal Thermal

EfZO

Group 2 CV1/Thermal Ccv1 CV1/Thermal

Thermal
BfZO '

Group 3 CVI/Thermal Thermal CVI/Thermal

EfZO

Group 4 CVI/Thermal Thermal CVI/Thermal

géZO

CVl

CVI/Thermal

Group 5
n=20

CVI/Thermal

CVI/Thermal

CV1/Thermal

CV1/Thermal

CVI/Thermal
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Table 2

Actual Schedule for Soldiers Who Completed All Elements
of Training/Test at Site Two

Pretest Training Posttest Training Post-posttest
Group 1  CVI/Thermal Ccvl1 CVI/Thermal Thermal CVI/Thermal
n=10 3rd day 3rd,4th & S5th 5th day 6th & 7th 7th day
days days
2 mods per 3 mods per
day day
Group 2  CVI/Thermal Ccv1 CVI/Thermal Thermal CVI/Thermal
n=8 3rd day 5th day 6th day 6th & 7th 7th day
6 mods in days
one day 3 wods per
day
Group 3  CVI/Thermal Thermal CV1/Thermal CcvI CVI/Thermal
n=8 3rd day 3rd & 4th 4th day 6th day 6th day
day 6 mods i~
3 mods one day
per day
Group 4 CVI/Thermal Thermal CVi/Thermal Ccvi CVI/Thermal
n=7 3rd day 3rd & 4th 4th day 5th day 7th day
day 6 mods in
3 mods one day .
per day

In summary then, at Site Two, soldiers were assigned to groups based on
their pretest recognition scores: groups 1 and 2 received TCVI training first
followed by CVI; groups 3 and 4 were trained in reverse crder.

In addition to performance scores, information was collected from the
soldiers on rank, age, MOS, time in service, and use of corrective lenses for
vision. General Technical (GT) scores were obtained directly from the units.

] Data Collection Instruments

During training and testing, soldiers were required to make a written
response on a prepared answer sheet each time a vehicle image was projected.
They had first to make a recognition response--name the vehicle as a friend
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(F), threat (T), or "Don“t Know™ (DK or ?)--and then attempt to identify the
vehicle by name (or number) or indicate "Don”t Know"™ (DK or ?). (See Appendix
A for examples of the test instruments.) For example, if a Soviet T-62 were

projected, the soldier should immediately write the letter "T" for threat and
follow it with “T-62".

The "Don”t Know™ (DK or ?) was used to create a response set that
encouraged the soldier to realize that it is often more prudent, if he is
uncertain, to make sure what the target is--friend or threat--by looking again
or by getting additional information about his sector front. The rationale was
that it is better to positively identify the target before shooting, and thus
decrease the likelihood of shooting a friend by mistake or shooting prematurely
at an enemy. Hence, for a "Don”“t Know” (DK or ?) response the soldier lost
half as many points as for a wrong answer. Very few soldiers availed
themselves of this choice. Rather, no response at all was given.

Consequently, scoring was done on the basis of one point for a correct
response, and no points for a blank or wrong answer.

Program Description

The TCVI training program consists of six training modules and a final
test module. Each training module has four views of each of five vehicles.
During the module training the IR images are presented in combination with
comparable views of the photopic image of each vehicle from the Basic CVI
Training Program. The twenty 35mm slides (4 views of 5 vehicles) of each
training module are shown twice, once with instructor-determined exposure and a
second time for 15 seconds. Each module has a test composed of only IR images
of the five vehicles (three views of each) shown for 8 seconds. The final test
of the 30 vehicles (2 views each), which uses only the IR image exposed for 8
seconds, provides an overall measure of the training progress. An instructor’s
manual which contains all the information needed to recognize and identify the
vehicle accompanies each module. As in the Basic CVI Program, only key cues
are addressed. For a complete description of the TCVI Program see GTA 17-2-10
available from TASO.

In this research a modification was made in the test module in the TCVI
program to permit comparison of performance changes resulting from training on
the photopic as well as the thermal image. Presentation of the photopic and
thermal slides was randomized during the pre- and posttest.
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RESULTS o

The major questioning deserving analytical attention are (1) comparison of
performance characteristics of the TCVI and Basic CVI programs, (2) comparison
of performance changes on photopic and thermal images, and (3) evaluation of
performance changes related to GT score.

-
'-.‘..__...-.-'

Performance Changes Resulting from TCVI Training

p Two analyses of variance were done with soldiers” pretest and
posttest scores using the TCVI data collected at Site One, Wildfleckin. A
significant improvement in performance was found for both recognition, %
F(1, 40) = 61.67, p < .001, and identification, F( 1, 40) = 108.62, p < .00l.

Means and standard deviations to support these findings, as presented in Table "
3, indicate significant overall improvement in recognition and identification

performance as a result of using the TCVI program. The markedly larger >
standard deviations for posttest performance imply that the program is not 5
equally effective for all participants. Some of this differential may be K}
related to a soldier”s GT score. An analysis addressing this factor is covered A
: later in this section. 2
Table 3
‘ Comparison of Pretest and Post-Test Recognition and Identification @
Performance Scores2 at Site One (n=41) :
¢
Recognition Identification
g
M s o sD
; Pretest 81.90 1.46 18.61  6.68 ,
| Posttest 97.10 13.78 40.69 17.68 \

2 Maximum possible score is 120. Means represent average number of correct

responses to two photopic (max = 60 slides) and two thermal (max = 60 slides)
' images presented in a randomized other within each test session.

It is worth noting here that although this performance appears low,
repeated training utilizing the CVI programs would produce significantly faster
learning, as noted in recent research by Smith, Heuckeroth, Shope, & Warnick,
1984. 1In this research soldiers were trained repeatedly on 10, 15, and 20
vehicles. For the 20-vehicle group, 87% were learned in four training periods;
for the 15-vehicle and 10-vehicle groups, respectively, 86X and 89% were
learned in three training periods.
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Comparison of Performance Based on Order of Presentation of the TCVI and Basic

CVI Using Data Collected of Site Two

Although the Basic CVI and the TCVI training programs are similar, it is
reasonable to question whether the Basic CVI should be taught first or whether

the TCVI can be used alone. In order to address this question, performance on,

the post-posttest—the test administerd after training with both programs had
been completed~-was examined using data collected at Site Two. Mean perform-
ance on the photopic image for recognition under program order--Thermal/CVI--
was compared with its counterpart under program order--CVI/Thermal. Also,
photopic means for identification were compared, and similar comparisons for
the thermal image were made. In each of the four comparisons, the t statistic
failed to attain significance (p > .05). The inference to be drawn from these
tests is that Basic CVI training is not mandatory as preparation for the use
of the TCVI. However, the most common order for training is to present the
Basic CVI program first followed by TCVI. Supporting means and standard
deviations are presented in Table 4.

Table &

Effects of Order of Presentation on Performance Scores® At Site Two

I |
Program | Thermal/CVI | CV1/Thermal
order used | (n=15) | (n=18)

| ~ I —

Measure: IRecognition | Identification| Recognition |Identification
I | | I
| | I |

Typeof | M sol M s M sol n sp

image | | | |
| | | |
| I | |

Photopic 152.00 6.70] 31.07 14.261 46.67 10.08) 27.44 15.17
I | | |

Thermal 146.00 6.28] 19.67 10.38| 44.50 9.69| 23.17 13.28
|

8Total possible score was 60. These means are not directly additive with
those in Table 3 because of the unequal sample sizes.

Comparison of Performance on Photopic and Thermal Images

In the Basic CVI Training Program (GTA 17-2-9) 1in standard use throughout
the Army, only the photopic image 1s employed. As noted earlier, the TCVI
pairs the photopic and thermal images in training and as individually randomly
distributed slides during testing. A comparison of the performance on the two
types of images provides a basis for infering whether, on the average, each
type of image is equally easy to learn. Presence of an interaction between
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| image type and test implies that R&I skills are not equally easy to acquire
| with each type of image. With recognition 8 significant interaction is found

" [F( 1, 40) = 8.22,p <. 007]. Figure 1 shows performance changes between pre- Yot
I and posttests for photopic (white bar) and thermal images (black bar). The W
relatively poorer pretest performance for thermal images is probably due to the 0
| relative unfamiliarity of the soldiers with the thermal image. Performance e,
l increases through training to the point where thermal and photopic images have
been learned equally well. ::.:',
"
44' I l -
I‘ZI l '::'
40| I .
38| 1 I "
361 || I a
34| I | Photopic . I:lf
32| | I 2
ﬂL | | Thermal n‘:',
Pretest Posttest

Figure 1. Recognition scores for image types and tests.

4
A similar analysis of photopic and thermal images using pre- and posttest '_'."-
scores for identification did not result in a significant interaction o,
[F( 1,40) = 2.02, p > .16]). (See Figure 2). This finding together with the E
supporting data in Figure 2, indicates that while initial pretest identifica- e
tion performance is poorer for thermal images (as for recognition performance)

training improves identification performance almost equally for both image .
types. o
o

.‘-'l

\J‘

N

16 = 5

14| I

12| | =

10| | -

8l I Photopic e

6l 1 I

4| | | Thermal [} 3

2 | I Y

c | I >

Pretest Posttest ok

=2

Figure 2. Identification scores for image types and tests. '
N

N's

Ny

N,

"o

11 e

]

s




| ot P Bt b Bl W Rt g LR e L R g 8N B¢V U MR R ARASS P 0 Sl el taRenat p d0g DRa V0 600 4708 R0 0,0, 0p0 a8 Dot el g™ 0g" 0y

Comparison of Vehicle View: Front versus Oblique N

Contrasting the scores on front and oblique views of vehicles indicated
significantly poorer performance on front views; for recognition [F( 1, 32) =
238.65, p < .001 ] and for identificationm, [F( 1, 32) = 148.35, p < .001]).
Image type by view interactions for both recognition and identification were
significant, [F(1, 32) = 25.04, p < .001] and ([F(1, 32) = 21.94, p < .001],
respectively. Means and standard deviations to support these analyses are
presented in Table 5. Examination of results presented in Table 5 indicate
that although both recognition and identification performance are poorer for
thermal images for each type of view, performance on the oblique view is more
comparable for both image types--before and after training.

Table 5

Slides Recognized and Identified by View and Image Type Throughout Training
at Site Two (n=33)

Photopic Thermal
Recognition Identification Recognition Identification
M D Mo sp M s M sD
Pretest
Front 17.55 4.45 2.64 4.02 14.00 3.98 0.85 1.52
Oblique 21.45 4.41 5.21 5.50 20.60 3.55 4.52 4.38
Posttest
Front 21.45 4.99 9.55 7.09 17.58 5.47 4.15 3.90
Oblique 25.52 4,52 14.09 8.35 23.55 4.44 10.70 7.00
Post-posttest
Front 22.88 5.02 11.85 6.84 19.61 5.09 6.61 4.82
Oblique 26.21 4.20 17.24 8.23 25.58 4.21 14.97 7.51

Comparison of Recognition and Identification Performance by GT Grouping

Data from Site Two were used to perform two analyses of variance using
three categories of GT scores (115-133, 100-114, and 76-99) and three test
periods (pretest, posttest, and post-posttest). Over all test periods,
significant performance differences were found among GT categories; for
recognition [F(2, 25) = 3.30, p = .05) and for identification
[F(2, 25) = 8.46, p = .002). Although no test period by GT interaction
resulted with recognition (F <1), a significant effect was found with identifi-
cation [F(4, 50) = 6.73, p < .001]. This interaction is apparently due to the
relatively slower rate of performance improvement between test periods for the
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lowest GT category soldiers. A Duncan Multiple Range Test for the identifica-
tion means for the posttest (See Table 6) indicated that soldiers with GT above

100 did significantly better (p < .05); the differences between the top two GT
categories was not significant.
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3 could be produced in the limited time made available.

DISCUSSION AND CONCLUSIONS
Discussion

There was serious doubt during the problem definition stage whether an
effective thermal training program of any type could be produced. Experts in
the IR field pointed to the gross instability in the white-hot signature. The
signature was affected by ambient temperature, vehicle engine placement,
appendages to the vehicle (such as the splash shield on the M113), precipi-
tation, time of day, and skill of the operator in making adjustments on the IR
sight itself, to name but a few factors. Extensive review of white-hot IR
images acquired by a variety of means underscored the problem. The white-hot
signature alone did not show sufficient stability or provide adequate
information about the vehicle shape at longer engagement ranges to permit
organization by trainers into learnable "chunks.” For example, it would have
required several thousand slides to encompass the possible image changes of a
single vehicle under various conditions.

After reviewing the available information, the ARI technical support team
from HumRRO experimented photographically with images through IR sights and
found that a high contrast black-hot setting mitigated the deficiences of the
white-hot image. Only then was it possible to conclude that a training program

The Basic Thermal Combat Vehicle Identification (TCVI) Training Program
was developed, tested, and turned over to the Army in less than 8 months. The
design is similar to the Baslc Combat Vehicle Identification (CVI) Training
Program developed earlier (now the Army”s standardized program). Hence, TCVI
is one of several training programs that build on each other and thus reflect
an effort to develop a systematic training approach to target acquisition and
analysis.

A significant improvement was found after training. Since no other
programs exist, comparisons were impossible. The TCVI shares similar
objectives with the several CVI programs: to keep training simple with a
ninimum of support materials, to train soldiers to recognize primarily those
cues that are important at realistic combat ranges, and to be modular in design
for use in short training periods. These objectives were achieved. 1In Europe,
with battalion-size combat arms units, the importance of keeping the support
requirements simple was underscored. While it may ultimately be desirable to
have interactive computers and videodisc/videotape technology for training, it
may be some time before this equipment is generally available at the battalion
level. 1In the interim, soldiers must be trained and the TCVI program makes
this training possible.

Average pretest scores were higher in Europe than in The Continental
United States (CONUS). Recognition mean percent correct was 77% in Europe
and 58% in CONUS; identification was 45% versus 13%X. While the basis for
comparison is not entirely the same, the differences do suggest that the troops
tested in Europe have greater familiarity with more of the vehicles in the CVI
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program than the soldiers in our CONUS research. This fact can probably be
accounted for by a combination of factors: NATO vehicles are seen more often,
R&I training is given more often, and there is more interest in knowing Soviet
and NATO vehicles because of the closer proximity to potentlally
life-threatening circumstances.

An interesting finding is that performance decreases significantly as GT
scores fall below 100. This effect 1s more apparent with identification than
recognition because the probability of being right on recognition is 50/50 but
only 1/30 in identification. The performance decrement has implications for
training and research. First, it may be necessary to make provision for per-
sonnel below the GT level of 100 to receive more CVI training. Second, addi-
tional research is needed to be certain that poor motivation does not account
for part of the decreased performance. A study that examines motivation, both
intrinsic and extrinsic, in the context of GT levels will soon be completed. A
third consideration is the relationship between GT level and long~term memory
with specific attention to how frequently training must be repeated. Research
on this subject 1s now in progress.

It is highly desirable to determine how much generalization takes place
from any training to the real situation. To accomplish this evaluation, the
National Training Center (NTC) has been considered, but the array of vehicles
there is limited. NTC includes a visual modification of the M551 to resemble
several Soviet vehicles such as the T-72; a few Soviet vehicles are situated in
static positions for visual effect, but no NATO vehicles are present. Hence, a
real test of the CVI program is not possible at the NTC. Furthermore,the cost
of conducting a field test involving the 30 CVI vehicles might very well exceed
the probable value of knowing whether 70%, 80%Z, or 100% of what is learned
transfers to the field. A good review of the literature on how much generaliza-
tion results from costly simulators is found in Specification of Training
Simulator Fidelity: A Research Plan by Baum et al. (1982). Hence, until re-
sources are made available, the estimate of training generalization must rest
primarily on face validity.

-

General Conclusions

The findings of this research led to the following general conclusions.
These conclusions are based upon the assumption that the simulated thermal
images utilized in the TCVI program are reasonably valid representations of
actual thermal images.

e The Basic Thermal Combat Vehicle Identification (TCVI) Training Program
substantially improves soldier performance in recognizing and
j identifying thermal images of combat vehicles.

} e For units that are highly motivated to learn combat vehicles and who
are familiar with thermal sights, especially the TIS and TTS, (e.g., as
troops in armor units in Europe) it is not critical to give training on
the Basic CVI Program hefore training is given on the Basic Thermal CVI
Program.

e Performance on the TCVI Program 1s related to GT scores.
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