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FOREWORD

The U.S. Army is developing a Combined Arms Training
Strategy (CATS) to provide direction and guidance on total force
training and the mix of training resources required to achieve
and sustain combat-ready forces. As part of CATS, the U.S. Army
Armor School (USAARMS) is examining institutional and unit
training events, their frequency, and the resources required to
train to standard. To develop an effective Armor CATS requires
precise and empirical validation of gunnery training devices.
Lack of adequate information about the training effectiveness of
tank gunnery training aids, devices, simulators, and simulation
(TADDS) might limit the utilization of a CATS for armor.

This research was performed by the Fort Knox Field Unit,
U.S. Army Research Institute for the Behavioral and Social
Sciences (ARI), under the task entitled "Strategies for Training
and Assessing Armor Commanders’ Performance with Devices and
Simulations (STRONGARM)." This task is supported by a Memorandum
of Agreement dated 16 January 1989 titled "The Effects of Simula-
tors and Other Resources on Training Readiness" with the U.S.
Army Training and Doctrine Command (TRADOC), U.S. Army Materiel
Command (AMC), U.S. Army Armor Center (USAARMC), Fort Knox, and
ARI.

The research supports efforts by the USAARMS to develop an
Armor CATS. 1In addition to an annotated bibliography of tank
gunnery device documents, the report provides a summary of (a)
major findings by type of device (standalone, tank-appended,
subcaliber, and laser) and four areas of training effectiveness
(skill acquisition, skill retention, performance prediction, and
transfer of training), and (k) eight research limitations that
could possibly affect interpretation of the reported major
findings.

The results of this research were provided to CATS Division,
16th Cavalry Regiment, USAARMS, Fort Knox, Kentucky, in August
1993. They also were provided to the U.S. Army TRADOC Analysis
Command at White Sands Missile Range (TRAC/WSMR) to support its
ongoing Simulation/Simulator (SIM2) study to advance the develop-
ment of future training strategies.

g

EDGAR M. " JOHNSON
Director
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A REVIEW AND ANNOTATED BIBLIOGRAPHY OF ARMOR GUNNERY TRAINING
DEVICE EFFECTIVENESS LITERATURE

EXECUTIVE SUMMARY

Requirement:

This research supports the requirement by the U.S. Army
Armor School (USAARMS) to develop its portion of the Combined
Arms Training Strategy (CATS) for Armor. It provides a compre-
hensive review and annotated bibliography of literature on the
training effectiveness of tank gunnery devices.

Procedure:

Thirty-nine documents addressing the training effectiveness
of 15 tank gunnery training devices were reviewed and annotated.
Major findings reported by the authors were summarized by four
types of gunnery device (standalone, tank-appended, subcaliber,
laser) and areas of training effectiveness (skill acquisition,
skill retention, performance prediction, transfer of training).
Based on this review, eight limitations (sample size, subjects
not random or matched, groups treated differently, device system
errors, insufficient amounts of practice, ceiling effects, floor
effects, unreliable performance measures) that could possibly
affect interpretation of the findings were identified for each
report. Future research requirements are presented based on the
summary results.

Findings:

The research provides strong evidence that (except for the
3A102B laser) tank gunnery skills are learned on all the training
devices reviewed. Some evidence of skill retention exists for
the Conduct of Fire Trainers (COFT) and Platoon Gunnery Trainer
(PGT), but no evidence for the other types of devices. Most of
the standalcne and tank-appended devices provide a performance
prediction capability, but no such evidence exists for subcaliber
(except the cal .22) and laser devices. There is some evidence
of training transfer for all devices except three standalone
(PGT, Videodisk Gunnery Simulator (VIGS]), and TOPGUN) and one
laser device (3A102B).
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Utilization of Findings:

These findings provide training effectiveness data that can
be used by the USAARMS in the development of the Armor CATS.
They help to meet the goal established by the U.S. Army Training
and Doctrine Command (TRADOC) of increased training effectiveness
and reduced training costs by the integration of training aids,
devices, simulators, and simulations (TADDS) into institutional
and unit training. These findings also provide a basis for a
U.S. Army Research Institute for the Behavioral and Social
Science (ARI) research program to improve the Army’s capability
to provide effective training using the present and future
inventory of tank gunnery training devices.
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A REVIEW AN. ANNOTATED BIBLIOGRAPHY
OF ARMOR GUNNER- TRAINING DEVICE EFFECTIVENESS
LITERATURE

Introduction
overview

This report provides a review and annotated bibliography of
research and evaluation documents that have been published on the
training effectiveness of tank gunnery devices. The 39 documents
reviewed include government agency reports as well as reports by
civilian contractors. Both types of documents include specific
information on training device effectiveness that may not have
received broad circulation. Documents that are not generally
available, but that have been included in the review, include
research reports published by the U.S. Army Research Institute
for the Behavioral and Social Sciences (ARI), concept evaluation
program (CEP) reports by the U.S. Army Arwmor and Engineer Boardq,
training effectiveness analysis (TEA) reports by the U.S. Army
Training and Doctrine Command (TRADOC) System Analysis Activity
(TRASANA) , and research or analytical reports by contractors and
published under ARI auspices (e.g., Human Resources Research
Organization [HumRRO)). Although these reports can usually be
located in databases such as the Naticnal Technical Information
Service (NTIS) and Defense Technical Information Center (DTIC),
they are often not readily available to military strategists.
The open literature was not searched because reports on gunnery
devices are not normally in the purview of academia.

Research Objective

It was the intent of the authors to prepare a document that
reported the training effectiveness of gunnery devices in such
detail that the reader would see it as an introduction into the
area rather than just an identification of the documents he or
she might want to read. Three decisions were made about the
nature and content of this work. First, it was decided that the
reader was a trained researcher preparing to do research with
some gunnery training device, or a trained professional, such as
an Operations Research Systems Analyst (ORSA), with a significant
need to be aware of the extent and nature of training device
effectiveness literature. Thus, each annotated review contains
considerable detail about the research or evaluation conducted.
It was also decided to limit the reviews as much as possible to
reports that discussed tank gunnery training. Second, it was
decided that the reader would want to know what has or has not
been determined about the training effectiveness of the gunnery
devices. Thus, major findings wcre extracted from the documents
and summarized as they relate to four areas of training device
effectiveness: (a) skill acguisition, (b) skill retention, (c)
performance prediction, and (d) training transfer. This summary
of findings is presented in separate tables by types of gunnery
device (standalone, tank-appended, subcaliber, laser). Last, it
was decided that the reader may want to know about limitations
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that affect the major findings presented in each report. Thus,
an assessment of the findings was conducted in terms of eight
potential error sources that threaten validity. This assessment
is presented in a summary table with limitations identified by
report reference number, and an additional table that identifies
the gunnery training devices involved in each specific reference.

Report Organization

The report is organized into two principal sections and two
appendixes. The first section provides a summary of the authors’
major findings. These findings are shown in separate tables by
type of gunnery device (standalone, tank-appended, subcaliber, and
laser) and how they relate to one of four areas of training
effectiveness (skill acquisition, skill retention, performance
prediction, and training transfer). This is followed by a brief
descriptive summary of the reported findings. The second section
provides a summary of limitations that could lead to possible
misinterpretation about the effectiveness oif each gunnery device.
These limitations are (a) small sample size, (b) subjects not
random or matched, (c) groups treated differently, (d) device
system errors, (e) insufficient amounts of practice, (f) ceiling
effects, (g) floor effects, and (h) unreliable performance
measures. Again, a short descriptive summary of the limitations is
provided following the tables. 1In Appendix A, an annotated
description of each document reviewed is provided, followed by a
list of the reports. In Appendix B, a summary description of each
training device is provided, along with the related references.

Major Findings on Armor Gunnery Training Devices
Approach

Types of Training Devices. To provide a summary of major
findings on gunnery training devices, the devices were organized
under four separate classifications or types. Gunnery devices
that did not require the actual use of a tank were classified as
standalone devices. These devices included:

(1) Ml conduct-of-Fire Trainers (COFTs), the Unit (U-COFT),
Institutional (I-COFT), and Mobile (M-COFT) versions;

(2) Platoon Gunnery Trainer (PGT):
(3) Videodisk Gunnery Simulator (VIGS);
(4) TOPGUN; and

(5) Three Burst-on-Target (BOT) trainers (17-4 [Green
Hornet), 17-4M ([Modified), and 17-4B (Wiley].

Gunnery devices that required affixing various computer
instrumentation to a tank were classified as tank-appended
devices. These devices included:

2




(1) Guard Unit Armory Device Full-crew Interactive
Simulation Trainer - Armor (GUARDFIST I),

(2) Tank Gunnery and Missile Tracking System (TGMTS), and
(3) SAAB BT-41.

Gunnery Jdevices that required firing subcaliber ammunition
were classified as subcaliber devices. These devices included:

(1) Cal .22,

(2) 7.62mm Coaxial Machine Gun,

{3) M179 Telfare (Cal .50), and

(4) Tank Precision Gunnery Inbore Device (TPGID).

Gunnery devices that required firing a laser from a tank
were classified as laser devices. These included:

(1) Multiple Integrated Laser Engagement System/Thru-Sight
Video (MILES-TSV),

(2) M55 Laser, and
(3) 3A102B Laser.

Areas of Training Effectiveness. The major findings from
each document reviewed were then organized under one of four
areas of device training effectiveness; skill acquisition, skill
retention, performance prediction, and skill transfer (Morrison,
Drucker, & Campshure, 1991). Entries under the heading of gkill
acquisition include empirical results that describe the extent to
which performance on the device improves with repeated practice.
The skill retention entries relate to the extent to which gunnery
skills acquired with the device are retained (or resist decay)
over no practice intervals. The performance prediction entries
inclnde empirical findings that clarify the relationship between
device performance and performance on the operational equipment.
Positive correlations, for example, provide evidence for the
ccemmonality of skills between the two different contexts, and
therrcfore would be a necessary (but not sufficient) condition for
training transfer. The entries under training transfer refer to
empirical evidence that relates transfer of skills acquired on a
training device to actual tank gunnery performance. This entry
also includes both within-device and between-device transfer of
training.

Results

The major findings on armor gunnery training devices are
summarized by the four device types and four areas of training
etfectiveness. These findings are presented below in Tables 1-4.
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Summar

Standalone DPevices. As shown in Table 1, ample evidence
supports the conclusion that each standalone gunnery device 1is
effective in terms of gkill acquisition. That is, gunnery skills
trained on these devices are learned and these skills improve
with repeated practice. As to how these device-learned skills
are retained, skill retention data exist on only two of the five
devices; i.e., the M1 U-COFT and VIGS. For the U-COFT, there is
evidence which shows that crews who reach reticle aim level three
or higher on the device performed better on TT VIII after 90-day
period than those who did not reach reticle aim level three. As
for the VIGS, there is not the same kind or quantity of evidence
on skill retention. What has been reported is that VIGS training
did not lead to better skill retention scores after 10 weeks,
even though the accuracy criterion was relaxed.

In terms of performance prediction there is some evidence on
several issues for all but the BOT devices. From the authors’
viewpoint, the more important of these are: (a) a reliable U-
COFT gunnery proficiency test (UGPT) can be used to predict
gunnery performance on all U-COFT measures; (b) a global measure
of gunner tracking skill can be used to predict speed and
accuracy of gunnery performance on the I-COFT; (c) U-COFT matrix
progress and amount of training on the device, although
significantly related to TT VIII performance, are insufficient as
predictors of TT VIII; (d) high M-COFT pretest scores and
advancement in the training matrix can be used to predict the
speed and accuracy of posttest performance scores on the
GUARDFIST I device; (e) the U-COFT is a good predictor of
performance accuracy on the VIGS and vice versa; (f) platoon
performance on the PGT improves across trials proportionate to
amount of device training received; (g) VIGS is not a good
predictor of performance accuracy or speed on TOPGUN and vice
versa; and (g) VIGS is not a useful predictor of performance
accuracy on the I-~COFT.

As for transfer of training, there is evidence to support
the conclusions that: (a) COFT training (contingent on crews
attaining reticle aim level three or higher) transfers to live-
fire performance on TT VIII; (b) COFT training (given sufficient
progression in the) can compensate for lower TT VIII scores due
to decreased number of main gun rounds fired on preliminary
tables; (c) training on the BOT trainers transfers positively to
speed in applying BOT in an M60Al live-fire test; and (d) MK60
training does not transfer to M60Al live-fire performance. Based
on our review, there are no data available which show training
transfer from the VIGS, PGT, or TOPGUN devices to live-fire
performance. There is some evidence of between-device transfer
for the VIGS and TOPGUN (with no superiority for either device),
for the VIGS and U-CCFT (in terms of accuracy but not speed of
performance), and for TOPGUN and U-COFT in terms of performance
accuracy on stationary targets. The evidence of between-device
transfer from TOPGUN to I-COFT is mixed:; i.e., no evidence of
trancfer in one repoirt and some evidence of transfer for speed of
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engagement in another report. The only within-device transfer,
using VIGS with a more difficult or easier accuracy criterion,
did not lead to better transfer scores when the criterion was
relaxed.

Tank-Appended Devices. As shown in Table 2, the findings
support the conclusion that GUARDFIST I, TGMTS, and SAAB BT-41
are effective in terms of tank gunnery skill acquisition. The
GUARDFIST I, however, has not been shown to be effective in
training tank crew gunnery procedures, as measured by average
crew cut scores on a live-fire TT VIII. There are no empirical
data to support or refute skill retention on any tank-appended
gunnery device. The more important findings for performance
prediction are: (a) high pretest scores on the GUARDFIST I (or
M-COFT) can be used to predict success on the same device which,
in turn, can predict posttest scores on the alternative device
and (b) TGMTS can be used to reliably and accurately measure
M60A3 TC/gunner performance. In terms of training transfer,
there is evidence to support positive transfer to live-fire
performance for all three tank-appended devices, especially for
the SAAB BT-41. Also, for tank crews that receive sufficient
GUARDFIST I training on offensive engagements, there is evidence
of between-device training transfer to M-COFT in terms of speed
of engagement, but not accuracy.

Subcaliber Devices. As shown in Table 3, the findings also
support the conclusion that subcaliber devices provide effective
training in terms of gunnery skill acquisition. Tank crews who
trained with a prototype TPGID on TT VI and VII performed as well
on TT VIII as those trained with only full caliber ammunition.

As with the tank-appended devices, there is no empirical evidence
to support or refute skill retention on any of the subcaliber
devices. In terms of performance prediction, the only data found
relate to the cal .22 device: (a) opening time and percentage of
first round hits were the best predictors of M60A3 TT VIII
accuracy measures and (b) opening time and total engagement time
were the best predictors of M60A3 TT VIII speed measures. Some
evidence of training transfer to live-fire performance was
indicated for all subcaliber devices. Additionally, (a) M60A1l
gunners who used the mini-tank range and cal .22 ammo were more
effective than gunners who used the 7.62mm Coaxial Machine Gun,
single shot mode; (b) performance of M60A3 gunners on the mini-
tank range (1/60th scale and cal .22) was significantly related
to TT VIII measures; (c) final hit scores of M1l crews who used
the M179 Telfare device for training were significantly higher on
a live-fire test than entry and final hit scores of an M1 U-COFT
training group; and (d) the average TT VIII scores of a prototype
TPGID group and a baseline group did not differ siaiistically;
i.e., no difference at an 80% confidence level.

Laser Devices- As shown in Table 4, all but the 3A102B
laser (due to unidirectional lead) data support the conclusion
that laser devices ¢re effective in terms of tank gunnery skill
acgquisition. Un -r-unately, there is no evidence to support
skill retention or performance prediction for any of the laser
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devices. In terms of training transfer, however, there is some
evidence which shows that (a) MILES-TSV device is as effective as
live-fire training, as measured by TT VIII, and (b) home station
training using the M55 laser (with full scale and 1/20th scale)
and mini-tank range is positively related to TT VIII proficiency.

Limitations of Training Device Findings

In reviewing each of the reports annotated in the gunnery
training device effectiveness literature, a concerted effort was
made to identify potential limitations that could possibly affect
misinterpretation of the reported major findings on the training
effectiveness of each device. In identifying these potential
limitations or problems, our purpose was to ensure that accurate
conclusions were reached about the training effectiveness of each
gunnery device. It was not our intent to denigrate the specific
authors or reports. As psychologists involved in the use and
evaluation of tank gunnery devices, we are highly cognizant of
the difficult, complex, and unpredictable nature of conducting
this type of research. As such, we acknowledge the significant
contributions made by the authors. Their efforts, individually
and combined, provide a solid foundation on which we can build
and expand our knowledge and undevstanding of gunnery training
device effectiveness.

Approach

Eight potential limitations were identified to conduct this
review of reported findings on tank gunnery device training
effectiveness. Each research limitation is based on the sources
of errors in transfer experiments reported by Boldovici and Sabat
(1985) and Boldovici (1987). Four reports reviewed (reference 6,
15, 25, and 26) did not include empirical evidence and, as such,
were not reviewed. The remaining 35 reports were reviewed to
identify problems that could lead to misinterpretations about the
training effectiveness of each gunnery device.

Results

The results of this review are presented in Table 5 by the
reference number of each report. An "XX" in Table 5 signifies a
limitation that may threaten the validity of the findings. The
gunnery device(s) used in each report referenced is presented in
Table 6. A brief description and summary of the limitations
associated with training device effectiveness ic presented below.

Small Sample Size. Some research projects that involve a
small number of participants and minimal statistical variance
result in significant and meaningful results. For example,
preliminary data from a small sample (N=8) of tank crews revealed
a correlation of .86 between Tank Table VIII performance and the
extent of advancement into the GUARDFIST I training matrix (Smith
& Hagman, 1993). As the authors noted, however, a greater sample
size is needed to support a definitive conclusior.. More often
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Table 6

Gunnery Training Devices Used in Each Report Referenced

Reference Type of Device(s) Reference Type of Device(s)
1 Battlesight (TOFGUN) 21 COFT, Telfare
2 COFT 22 VIGS
3 Mini-tank range 23 GUARDFIST
4 COFT 24 COFT
5 TOPGUN 25" COFT, MILES, VIGS
(-2l COFT 26** COFT, GUARDFIST I, TOPGUN, VIGS
7 COFT, Telfare 27 COFT
8 COFT 28 BT-41, MILES/TSV, VIGS
9 COFY 29 TPGID
10 COFT 30 3A1028 laser, M73 Coax
n COFT k3| TGMTS
12 VIGS 32 COFT
13 COfT, TOPGUN 33 COFT
14 MK60 (VIGS) 34 COFT, GUARDFIST I
15ee COFT 3s COFT, TOPGUN, VIGS
16 COFT o 36 17-4 series, 3A1028 laser
17 COFT, Te:-"'are 37 TGMTS
18 COFT, TOPGUN 38 COFT
19 PGT (COFT) 39 COfFT, VIGS
20 M55 Laser, Mini Tank Range

Note. COFT = Conduct-of-Fire Trainers; GUARDFIST I = Guard Unit
Armory Device Full-Crew Interactive Simulation Trainer - Armor:
MILES = Multiple Integrated Laser Engagement System; PGT= Platoon
Gunnery Trainer; TGMTS = Tank Gunnery and Missile Tracking
System; TPGID = Tank Precision Gunnery Inbore Device; TSV = Thru-
Sight Video; VIGS = Videodisk Gunnery Simulator; (**) = Analytic.

than not, studies with small samples lead to conclusions of no
difference between groups when a difference may in fact exist.
When differences are found, however, they are impressive and may
make a difference "down the line."

As shown in Table 5, thirteen training device reports (37%)
included a small sample size. Having a small sample size does
not render the findings useless, but it does threaten their
generalizability and validity (Cook & Campbell, 1979). To avoid
concluding that no differences exist when, in fact, differences
might be present, a sufficiently large number of subjects should
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be included. Power analyses (Cohen, 1988; Morrison, 11990) can be
performed to determine a sufficient sample size for detecting
effects of a given magnitude.

On the basis of a power analysis of gunnery performance
measures, Morrison (1990) concluded that statistical tests
comparing company-sized samples (N=14) are relatively insensitive
to differences between means. The results of Morrison’s analyses
revealed, for example, that to detect statistical differences
using 14 crews, in 8 out of 10 cases, actual mean differences
must differ by about two seconds in opening time, 12 percent in
hit probability, and over 100 points in Table VIII score. The
likelihood of finding these extreme differences in M1 gunnery
performance is small given that Hoffman (1989) reported average
opening times of 2.1 seconds, average hit probabilities of over
80%, and average Table VIII scores of 845 out of 1000.

Subjects Not Random or Matched. Matching participants on
the basis of some pre-existing measure of performance or random
assignment to groups often ensures that the groups are "equal"
prior to the experimental treatment. If they are not matched or
randomly assigned to groups, the differences found between the
groups cannot necessarily be attributed to the training device.
Most tank gunnery research requires the support of several
participants in order to adequately test the device’s training
effectiveness. This is most easily done by assigning Group A to
a training device condition and Group B to a condition that does
not use the training device. Comparison of performance on
certain criterion tasks can then lead to conclusions abcut the
device’s training effectiveness. If Group A, however, has been
shown to perform better than Group B on previous criterion
measures of gunnery, one cannot simply conclude that training
with the gunnery device enhances performance. If, however, the
participants were matched with respect to gunnery skill level and
no significant differcnces ir previous performance were found,
one could conclude that the training device improved performance.
It was found that eight reports (29%) did not randomly assign or
match participants to create equal groups, though "groups" were
assigned randomly. Matching and random assignment do not always
eliminate pre-existing differences. Groups should be reformed
if, after groups are created, they differ with respect to the
measures of performance. Only after equal groups have been
attained should the research continue.

When military participants are included in training device
research, several difficulties may be experienced with respect to
randomization or matching of participants to equal groups. For
example, troops obtained for research may be in the process of
training for annual gunnery evaluations. It would be imprudent,
in this case, to disrupt the integrity »f the established units
for research purposes. As such, units may exhibit pre-existing
differences in certain measures of performance. If one group is
more proficient than another, conclusions about training device
effectiveness become more difficult to reach.
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Groups_Treated Differently. Equal treatment of groups once
research begins is just as important as the formation of equal

groups by matching or random assignment. This simply means that
Group A should not be given more training time or more exposure
to training personnel than members of Group B. Ten reports (29%)
were found which contained groups who were treated differently.
Unequal treatment of groups could result from an event that takes
place between the pretest and posttest that affects the groups
differently, or from pre-existing differences resulting from
different home station gunnery training. 1If the groups are not
treated equally during each phase of the research and insulated
from adverse occurrences, differences between the groups cannot
be attributed to the training device. Cook and Campbell (1979)
refer to this as a "history" effect.

Device System Errors. Device systems errors were identified
when any condition (e.g., design flaw, equipment malfunction)
prevented or interfered with the successful completion of a
gunnery task or tasks. Device system errors are important to
document because they can be a factor that contributes to the
appearance of substandard performance, when in fact poor
performance v not have occurred. Ten reports (29%) that were
reviewed ¢ ined problems in this area. For example, Rose,
Wheaton, nard, Fingerman, and Boycan (1%76) noted that
unidirect.nnal lead built into the 3A102B laser device limited
the performance of some tank gunnery tasks. Device system errcors
can also impede the training process and create unintended delays
or disturbances. Sigtenhorst and Johnson (1982), for example,
reported that the TGMTS overheated at times, interfering with the
completion of a task. Device system errors that were found in
annotating the reports reviewed were noted as limitations.

Insufficient Amounts of Practice. A pervasive principle of
training is that task repetition or practice will improve task
performance (Holding, 1965; Wells and Hagman, 1989). When the
amount of practice on the training device is minimal, however,
the likelihood of reaching an established criterion level is
lessened. As a result, no difference may be found between groups
because of insufficient amounts of practice. Two reports (3%)
were found that may have contained this problem. Turnage and
Bliss (1990), for example, noted that they attempted to provide
enough practice to affect proficiency. They reported, however,
that performances on VIGS were still improving at Trial 4, which
suggests that continued practice may have resulted in continued
improvement. Witmer (1988) also noted that the number of U-COFT
and VIGS practice trials may not have been sufficient for the
participants to acquire the necessary skills to exhibit inter-
device transfer.

Ceiling Effects. A ceiling effect occurs when groups
demonstrate such high proficiency on a task that higher levels of
performance on that task cannot occur. Because little measurable
variance exists between groups who exhibit high performance, no
statistically significant difference is obtained. It is
possible, however, for the benefits of overtraining to be gained
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if the ceiling effect occurred as a result of additional trials
beyond reaching task proficiency. Three reports (8%) reviewed
exhibited ceiling effects. For example, Kraemer and Smith (1990)
reported that no significant group differences were found because
of ceiling effects in some TOPGUN target engagement exercises.
Ceiling effects can result when tasks are too easy, when training
is highly effective, or when both groups are proficient prior to
assessment.

Floor Effects. Floor effects, as opposed to ceiling
effects, occur when both groups perform poorly on the same task.
These effects can occur as a result of extremely difficult tasks,
ineffective training for both groups, or a lack of proficiency on
the task. When floor effects occur, demonstration of training
device effectiveness becomes increasingly more complicated. Only
one report (2%) was found that had a floor effect between groups.
Therefore, this is not a real problem for future gunnery device
research and evaluation.

Unreliable performance measures. Reliability refers to the
consistency of performance on a particular measure. The ideal
performance measure should facilitate an accurate assessment of
the variable under examination every time. For example, a scale
should discriminate between heavy and light objects by providing
an accurate weight for each object. Likewise, to be considered
reliable, a gunnery device should provide consistent measures of
gunnery performance. As presented in Table 5, 11 reports (31%)
contained potentially unreliable assessment: of performance.
Turnage and Bliss (1990), for example, fournd that performance on
VIGS could not be used to predict performance on TOPGUN and vice
versa. They attributed this finding tc a lack of reliable
performance measures.

In an example of reliability testing, Graham (1986) examined
the reliability of nine U-COFT gunnery measures. He found that
six of the measures were reliable indexes of gunnery (Target ID
time, Reticle Aim Score, Hit Rate, Target Acquisition Score,
First Round Hit Rate, Opening Time), while three measures were
not (Azimuth Error, System Management Score, Elevation Error).
Criteria for reliability consisted of the Pearson correlation
coefficient. Measures with reliabilities greater than .70 were
considered dependable. He also found that gunners’ hit rates
were strongly influenced by the tank commander’s performance.

A variety of additional testing conditions can influence the
reliability of gunnery performance measures. For example, the
driver may have an affect on the gunner’s performance when the
tank is fired while moving. Similarly, random irrelevancies in
the experimental setting (e.g., weather, crew turbulence) may
adversely affect gunnery scores. Live-fire performance measures,
as such, can be unreliable due to measurement difficulties and
the variable nature of the firing tasks (Hoffman, 1989). Failure
to consider the types of gunnery performance measures used and
their subrseguent reliability may result in imprecise results and
conclusions concerning training device effectiveness.
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Summary

As discussed, eight potential limitations of military weapon
systems research, identified by Boldovici and Sabat (1985) and
Boldovici (1987), served as criteria for assessing the findings
from the 35 reports which included empirical data. For the most
part, the findings were replete with limitations--some being more
critical than others. As shown in Table 5, the most prevalent
limitation was inadequate sample sizes. Over one-third of the
reports reviewed had small sample sizes. This is normally due to
resource constraints and is likely to continue to be a problem in
future device research and evaluation. Methods for determining
adequate sample sizes were cited (Cohen, 1988), but these methods
will only help when unlimited number of subjects are possible.

Additional limitations which occurred less frequently, but
remained equally pertinent to the demonstration of tank gunnery
effectiveness, involved groups being treated differently, device
system errors, unreliable performance measures, and failure to
create equal groups. Only a few reports experienced problems
with insufficient amounts of practice and ceiling/floor effects.
Cook and Campbell (1979) id>ntify over 20 threats to the validity
of research findings which persons who anticipate performing this
type of research should be cognizant. Together these reports
show that progress has been made toward understanding the role of
tank gunnery devices in training gunnery performance. Future
research should take extra steps to avoid these limitations.

Discussion/Conclusions

It might appear, based on the sharp highlighting in this
report of shortcomings of some research and evaluation efforts,
that little has been learned about the training effectiveness of
tank gunnery devices. This is not the case. There have been '
some significant findings, and some products that constitute a
considerable contribution to research and development in the
training device effectiveness arena. Indeed some positive
conclusions can be drawn from what is considered a sparse and
sometimes marginal literature.

Major Conclusions

The major conclusions reached by the authors are summarized
in Table 7. Except for the 3A10ZB laser, there is strong
evidence to conclude that tank gunnery skills are learned on the
training devices. Except for some evidence of skill retention on
the COFT and PGT, there is no evidence to conclude that gunnery
skills are retained on the other devices. As to performance
prediction, it can be concluded that most of the stand-alone and
tank-appended devices provide this capability while no such
evidence is apparent for the subcaliber (except cal .22) and
laser devices. As to training transfer (device to live-fire),
some evidence exists for all devices except for three stand-alone
devices (PGT, VIGS, and TOPGUN), and the 3A102B laser device.
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Table 7

Summary of Major Conclusions From Reviewed References
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Note. @ = Strong evidence; () = Some evidence; (O = No evidence.

Future Requirements

This review and annotated bibliography of the literature on
tank gunnery devices identifies what the authors have been able
to surmise about device training effectiveness in terms of skill
acquisition, skill retention, pecrformance prediction, and
training transfer. Future requirem=2nts which become immediately
apparent as a result of this review can be categorized into three
major areas. First, there needs to be research and evaluation
conducted in those areas of device training effectiveness where
very little or no empirical evidence now exists (e.g., there is
no skill retention data on any of the tank-appended, subcaliber,
or laser devices reviewed). Second, there needs to be similar
efforts conducted (without research limitations) to provide
empirical evidence on the training effectiveness of armor gunnery
training devices expected to be fielded in the near future:; e.q.,
Precision Range Integrated Maneuver Exercise (PRIME), and Tank
Weapons Gunnery Simulation System (TWGSS). Third, there needs to
be a review and annotated bibliography of the training device
literature on armor devices developed for tactical or maneuver
training; e.g., Simulation Networking (SIMNET), Close Combat

Tactical Trainer (CCTT), and the Service School Seminar Trainer
(JANUS-A) .
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The results provided by these efforts would provide the U.S.
Army Armor School (USAARMS) with valuable data that could be used
in the further development of the Armor portion of the Combined
Arms Training Strategy (CATS). As such, it would help meet the
TRADOC goal of increased training effectiveness and reduced
training costs by the integration of training aids, devices,
simulators, and simulations (TADDS) into institutional and unit
training.
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Appendix A
Annotated Reviews cf Armor Gunnery Training Device Reports

Thirty-nine documents relating to armor gunnery training
devices were reviewed and annotated. The abstract format was
modeled after the format developed by Ayers, Hays, and Heinicke.'
The documents are presented in alphabetical order and numbered to
correspond with the list of references provided at the end of the
appendix. Each reference contains the author(s), year of the
publication, title, publishing data, and AD number assigned and
controlled by the Defense Technical Information Center (DTIC).
Most documents included in this report can be obtained from DTIC-
-located in Cameron Station, Alexandria, VA: 22304-6145 or from
the National Technical Information Service (NTIS)--located at
5285 Port Royal Road, Springfield, VA: 22161.

Explanation of Abstract Format

Each document was condensed into an annotated abstract using
a six-point outline as described below. Non-empirical documents
(e.g., literature reviews, theoretical reports) were summarized
using the same six points, but omitted sub-points in the approach
pertaining to empirical matters {(e.g., research participants,
methods, measures, setting, etc.).

1. Topic Keywords: The topic keywords identify the main
subject terms in the document. When available, these terms were
obtained from the documents’ report documentation page.

2. Short Summary: The short summary describes the problem
under investigation, partiicipants, method, major findings, and
conclusions.

3. Performing Organization: The performing organization
refers to the agency that sponsored the project.

4. Approach: The approach contains specific information
about the participants, design, methods, performance measures,
and setting (e.g., institutional, field).

a. Number of Groups: The number of groups into which
the participants were divided and assigned for investigation.

b. Description of Group(s): The description of the
groups involved provides details about the assignment of crews or
units to specific gunnery training devices or training methods.

' Ayres, A., Hays, R. T., & Heinicke, M. (1984). An annotated
bibl iography of abstracts on the use of simulators in technical

training (Research Product 84-21). Alexandria, VA: U.S. Army
Research Institute for the Behavioral and Social Sciences. (AD
A156 792)
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c. Tests or Trials: The tests or trials explained the
timing, training sequence, and tasks used in the investigatinn.

d. Number of Djfferent Types of Measures Used: The

number of different measures of tank gunnery collected and
reported in the investigation.

e. Description of Measures/Ratings: A description of

the measure or dependent variables used in the investjgation.

f. Experimental Setting/Training Context: The place
(e.g., institutional, classroom, hands-on, field, etc.) in which

the training and testing occurred.

g. Statistical Methods: The statistical methods refer
to data analysis techniques and procedures used to determine the
significance of results.

h. Stage of Training: The stage of training in which
the participants belonged.

i. Trainee Sophistication: The level of expertise
attained by the participants.

J. User Acceptance or Attitude: The acceptance of the

tank gunnery training devices by the user. This is omitted when
the authors do not specify user acceptance or attitude.

5. Discussion: This section includes major findings,
conclusions, limitations, and considerations.

a. Major Findings: The major findings include a
detailed summary of the investigation results.

b. Authors’ Conclusions: The authors’ conclusions
provide their interpretive judgements about the findings of the
investigation.

C. Limitations: The limitations include specific
threats to the validity of the investigation or conditions which
preclude conclusive judgements,

d. Considerations: The considerations refer to general
details of the scope, reported findings, or implications of the
investigation.

6. Related Work: The related work includes a list of

references that provide additional information about the topic(s)
or device(s) reviewed.




1. Abel, M. H. (1986). Performance of soldiers on the
Battlesight tank gunnery video game (ARI Technical Report 710).
Alexandria, VA: U.S$S. Army Research Institute for the Behavioral
and Social Sciences. (AD Al178 446)

1. Topic Keywords: Armor; M60Al Tank Gunnery; Training Devices;
Battlesight; Video Game; Practice Effect; Training effectiveness.

2. Short Summary: This research examined the effectiveness of a
video game (Battlesight) for M60Al1 tank gunnery training. 1In the
first two experiments, 12 M60Al crewmen were divided into two
groups based on gunnery experience (tank commanders(TCs)/gunners)
and inexperience (drivers/loaders). In Experiment 1, the crewmen
used the gunner’s primary sight (GPS) and a 100% kill zone (K2Z).
In Experiment 2, they used the secondary sight (M105D telescope)
and a 100% KZ. The criterion measures were total hits and total
first-round hits. In Experiment 3, accuracy and speed measures
were examined under (a) two different game formats (standard--
three lives and 60 rounds of ammo; revised--equal distribution of
three lives and 60 rounds of ammo into three separate games) and
(b) two separate KZs; 100% or 50%. The results of the first two
experiments revealed (a) a significant improvement in total hits
and total first-round hits over 10 trials, and (b) no significant
differences in performance between experienced and inexperienced
crewmen. The results of the third experiment revealed (a) less
accuracy when the KZ was reduced from 100% to 50%, (b) improved
accuracy (percentage of hits and first-round hits) using the
revised format, (c) no improvement in accuracy using the standard
(100% KZ) format, and (d) improvement in average time to fire for
all groups.

3. Performing organization: U.S. Army Research Institute for
the Behavioral and Social Sciences, ARI Field Unit - Fort Knox,
Fort Knox, KY 40121-5620.

4. Approach: Experimental

a. Number of Groups: Twe in Experiment 1 & 2 and four in
Experiment 3.

b. Description of Groups:
(1) Experiments 1 & 2:

(a) Group 1: Six experienced M60Al1 tank crewmen
(TCs and gunners) who used the GPS and a 100% K2Z.

(b) Group 2: Six inexperienced M60Al1 tank crewmen
(drivers and loaders) who used the M105D telescope and a 100% KZ.

(2) Experiment 3:
(a) Group 1: Fifteen M60A1 crewmen who used a

revised game format (equal distribution of three lives and 60
rounds of ammo into three separate games with a 100% KZ).
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(b) Group 2: Fifteen M60A1 tank crewmen who used
the standard game format (three lives and 60 rounds of ammo with
a 100% Kz).

(c) Group 3: Same as Group 1 but using a 50% KzZ.
(d) Group 4: Same as Group 2 but using a 50% KzZ.
c. Tests or Trials:

(1) im s & 2: All 12 M60A1l tank crewmen fired
50 rounds of ammunition per trial for 1C trials.

(2) Experiment 3: For Groups 1 and 3, the 30 subjects
had one life, 20 rounds, and 21 enemy tanks per trial for three
trials. For Groups 2 and 4, the 30 subjects had three lives, 60
rounds, and 61 enemy tanks per trial for three trials.

d. e Differe es sure sed: S
e. Description of Measures/Ratings: In the first two

experiments, firing accuracy was measured by number of hits and
number of first-round hits over trials. In the third experiment,
firing accuracy and speed were examined over trials under twc
different game formats and two different target KZs. Accuracy
was measured by the percentage of hits and percentage of first-
round hits. Speed was measured by the average time to fire,
which was computed by dividing the elapsed game time by the
number of rounds of ammo fired.

f. Experimenta) Setting/Training Context: The research was

conducted in an institutional setting using a hands-on training
and testing approach. 1In the first experiment, the device was
programmed to provide: (1) immortality (threat tanks could
engage but not kill the subject’s tank), (2) use of Stage I and
the "qualified" Player Experience Level to eliminate individual
differences, (3) no bonus ammo as a result of performance, (4) a
four-second time delay between firings to simulate reloading, and
(5) 100 threat tanks. The automatic slew was disabled to force
the subject to search the battlefield and acquire targets using
directions issued by the computer-generated fire command. Before
training, subjects listened to taped instructions explaining the
Battlesight game play. A 15-minute break was provided after the
firing of 100 rounds for each of 10 trials. Data collectors were
used to tally the number of hits and first-round hits between
each break. In the second experiment, the procedures were the
same except subjects were allowed to fire 100 practice rounds
using the GPS hefore training using the auxiliary sight. 1n the
third experiment, the procedures were similar but the device was
programmed to include mortality and the use of the automatic slew
for target acquisition.

g. Statjistical Methods: 1In the first two experiments, a
repeated measures analysis of variance (ANOVA) was calculated to
determine whether level of experience had any effect on number of
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hits or first-round hits. In the third experiment, repeated
measures ANOVA was calculated to determine whether performance
differed as a function of game format or XZ. 1In all experiments,
trend analysis examined the learning curve across trials.

h. Trainee Sophistication: Experienced and inexperienced
5. Discussion:
a. Major Findings:

(1) In the first two experiments, there was significant
improvement across trials in the number of hits and number of
first-round hits. No significant differences were found in
performance between the experienced and inexperienced groups.

(2) In the third experiment, there was a significant
difference in accuracy between the standard kill zone (100%) and
reduced kill zone (50%) groups, with the reduced kill zone groups
being less accurate overall.

(3) In the third experiment, the firing accuracy of
groups that used the revised video game format (Group 1 and 3)
improved. No improvement was indicated for the two groups that
used the standard game format.

(4} In the third experiment, all groups’ average time to
fire improved across the three trials.

b. Authors’ Conclusjions:

(1) The results should not be interpreted as conclusive
evidence of the most appropriate video game configuration for
ensuring training effectiveness. In the standard game format,
subjects way have emphasized speed over accuracy because the
massing of lives and ammo lowers the emphasis on speed. On the
other hand, the revised game format (distribution of lives and
ammo) may have forced equivalent emphasis on speed and accuracy.

(2) The motivational quality of video games is quite
evident by their popularity. However, their instructional and
training qualities have yet to be ascertained,.

¢. Limitations:

(1) The lack of significant difference in performance
between experienced and inexperienced tank crewmen may have been
the result of the small sample size (N=6).

(2) Research conducted with TOPGUN (follow-up device)
casts doubts on the validity of the device data. For example,
Turnage and Bliss (1990) found that TOPGUN’s reticle aim scores
were inaccurate and unreliable. Also, Bliss, Lampton, and

Boldovici (1992) found that the lead-error scores on TOPGUN using
the M105D telescope were inaccurate.
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(3) 1In research by Kraemer and Smith (1990) with TOPGUN,
a later version of Battlesight, reduced score variance for some
performance measures was produced by ceiling effects found in
some engagement exercises. One reason for such ceiling effects
was that the 100% kill zone difficulty level was too easy.

d. Considerations: The classic relationship between speed
and accuracy is that speed of responding decreases as a function
of aiming difficulty (Fitts, 1954). One reason for not finding
evidence to support this relationship may have been that, since
instructions did not specify an appropriate strategy, individual
differences in responding negated finding any tradeoff effect.

6. Related Work:

a. Bliss, J. J., Lampton, D. R., & Boldovici, J. B. (1992).
The effects of easy-to-difficulty, difficult-only, and
mixed-difficulty practice on performance of simulated
gunnery tasks (ARI Technical Report 948). Alexandria,
VA: U.S. Army Research Institute for the Behavioral and
Social Ssciences. (AD 251 866)

b. Fitts, P. M. (1954). The information capacity of the
human motor system in controlling the amplitude of

movement. Journal of Experimental Psychology, 47, 381-
391.

¢. Hart, R. J., Hagman, J. D., & Bowne, D. S. (1990). Tank

quinexy: transfer of training from TopGun to the
Conduct-of~Fjire Trainer (ARI Research Report 1560).
Alexandria, VA: U.S. Army Research Institute for the
Behavioral and Social Sciences. (AD A223 165)

d. Kraemer, R. E., & Smith, S. E. (1990). Soldjer
performance using a part-task gqunnery device { TOPGUN)

and jts effects stitutional- ug f Fire Tr
(I-COFT) proficiency (ARI Research Report 1570).

Alexandria, VA: U.S. Army Research Institute for the
Behavioral and Social Sciesnces. (AD A227 403)

e. Turnage, J. J., & Bliss, J. P. (1990). An analysis of
sfer £ unne erformance using TOPGUN,
I

-COFT trainers (ARI Technical Report 916).
Alexandria, VA: U.S. Army Research Institute for the
Behavioral and Social Sciences. (AD A231 156)
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4. Abel, M. H. (1987). Effects of NBC protective equipment and
degraded operational mode on tank gunnery performance (ARI
Technical Report 764). Alexandria, VA: U.S. Army Research

Institute for the Behavioral and Social Sciences. (AD A191 233)

1. Topic Keywords: Armor; M1 Tank; Tank Gunnery:; Simulators: U-
COFT; Degraded Mode Gunnery; MOPP Gear; NBC Equipment.
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2. Short Summary: This research examined performance on the M1
Unit-Conduct of Fire Trainer (U-COFT) by gunners wearing Mission
Oriented Protective Posture (MOPP) gear, in normal and emergency
operational mode conditions. 1In Experiment I, the subjects were
assigned randomly to one of four groups using a combination of
MOPP gear and operational modes. Subjects completed six U-COFT
exercises under the conditions corresponding to their assigned
group. In Experiment II, a similar group of subjects that had
performed four U-COFT exercises under emergency operational mode
but without MOPP gear (Witmer, 1988) was combined with Experimant
I groups to assess interaction between MOPP gear and operational
mode. In both experiments, a pretest was performed without MOPP
gear and in normal operational mode for use as a covariate on
experimental test performance. Results of Experiment I indicated
that the combination of MOPP gear and emergency operational mode
degraded firing time, percent hits, and aiming error, especially
in long-range engagements. MOPP gear under normal operational
conditions degraded aiming error only. Experiment II results
revealed degradation on all performance measures by emergency
mode. No performance decrements were found for MOPP gear, which
did not further degrade performance under emergency mode.
Degradation in firing time and aiming error caused by emergency
mode was evident in long-range engagements. Multiple
correlations between firing time and experience variables were
significant, particularly overall time as a gunner.

3. Performing Organizatjon: U.S. Army Research Institute for
the Behavioral and Social Sciences, Field Unit ~ Fort Knox, KY
40121-5620.

4. Approach: Experimental
a. Number of Groups: 4
b. Description of Groups:

(1) Experiment I: The subjects were 48 M1l experienced
gunners from the M1 New Equipment Training Team (NETT) at the
U.S. Army Armor Center, Fort Knox. They averaged 41.4 months of
total time in military, 41.5 months in armor, 17.6 months as
gunners, and 61.4 hours of U-COFT time. The subjects were
assigned randomly to one of four experimental groups: (a) Group
1--no MOPP, normal operational mode; (b) Group 2--mask only,
normal operational mode; (c) Group 3--mask and gloves, normal
operational mode; and (d) Group 4--mask and gloves, emergency
operational mode.

(2) Experiment IJI: The subjects were 12 experienced Ml
gunners from the NETT who participated as a group in a previous
research project (Witmer, 1988) and were used to form another
sanple of subjects, These 12 NCOs averaged 32.2 months of total
time in the miliary, 32.8 months in armor, 17.4 months as
gunners, and 40.3 hours of U-COFT time, The four experimental
groups were: (a) Group 1--No MOPP, normal mode (from Experiment
I): (b) Group 2--No MOPP, emergency mode (from Witmer’s project):
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(c) Group 3--MOPP, mask and gloves, normal mode (from Experiment
I): and (4) Group 4--MOPP, mask and gloves, emergency mode (from
Experiment I).

c. Tests or Trials:

(1) Experiment 1: The test consisted of six U-COFT
exercises comprising 60 single-target engagements using the main
gun with day unlimited visibility. All subjects completed the
test in two sessions of three exercises each with a 10-minute
break between sessions to control for fatigue. The gunner could
only fire one round per engagement, had 20 seconds after full
target exposure to kill the target before the engagement was
computer terminated, and could be exposed (hull down position)
for 15 seconds before the computer simulated its destruction.
The test exercises were selected on the basis of target range
(short and long), and own tank and target movement (stationary-
stationary, stationary-moving, meving-stationary, moving-moving).
The combination of two ranges with four movement conditions
yielded six engagement types. The six test exercises were
counterbalanced within each group. This procedure enabled the
evaluation of practice effects across test trials.

(2) Experiment IJ: The test consisted of four U-COFT
exercises taken from an earlier project (Witmer, 1988) which were
the same as those in Experiment I. The test was performed under
the same configuration as in Experiment I but without MOPP gear.

d. DNumber of Different Types of Measures Used: 2
e. Descriptijon of Measures/Ratings:
(1) U=COFT Gunnery Performance Data: Measures of gunner

performance extracted from the U~COFT printouts included: (1)
average firing time, the elapsed time in seconds from full target
exposure to when the gunner fired:; (2) number of target hits; (3)
number of targets presented; (4) average azimuth aiming ciror in
mils; and (5) average elevation aiming error in mils. The hit
percentage for each exercise was calculated by dividing the
number of target hits by the number of targets presented. Aiming
error was computed as the root mean square (RMS) of azimuth and
elevation error (Smith & Graham, 1987); i.e., RMS equals square
root ot azimuth error squared plus elevation error squared.

(2) Soldier-based Predictor Varjables: The following
variables from the biographical questionnaire were included in
the analyses as measures of experience and ability: (1) total
time in military, (2) total time in Armor, (3) total time as a
gunner, (4) self-reported General Technical (GT) score from the
Armed Service Vocational Aptitude Battery (ASVAB), and (5) number
of hours of experience on the U-COFI. GT is composed of both
verbal and arithmetic reasoning components, and considered
roughly equivalent to intelligence test scores.

f. Experimental Setting/Training Context: The research was
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conducted in an institutional setting using a hands-on training
and testing approach. For Experiment I, four Ml tank commanders
(TCs) from the NETT assisted in testing gunner performance. When
the subjects arrived at the test site, specific instructions were
read explaining the nature of the testing procedures and the U-
COFT. Because of the wide range of U-COFT experience, a pretest
of 20 engagements representing different types of exercises used
in the experimental conditions was administered. For the pretest
the subjects were not in MOPP gear and performed under normal
operational mode. On completion, subjects were given a 10-minute
break during which they completed a biographical questionnaire.
After the break, subjects donned the appropriate MOPP gear and
completed six test exercises in two ses3ions of three exercises.
For Experiment II, the experimental setting/training context was
the same except that surrogate TCs were used and the gunners were
given a U-COFT warm-up/familiarization using 30 test-related
engagements,

g. isti e ds: Multivariate analysis of variance
(MANOVA) on repeated measures was used with post hoc comparisons
on all significant main effects and interactions. A one-way
MANOVA was performed on pretest performance measures to assess
possible group differences in initial performance. MANOVA on
repeated measures with constant covariates was used to determine
if significant group differences existed on experimental test
performance. Pearson product moment correlations were obtained
between performance measures and the biographical variables.
Average performance measures across exercises in the experimental
conditions were used in the correlational analyses. Multiple
correlations between the performance measures and biographical
variables were obtained from multiple regression analyses using a
hierarchial forced entry procedure (Cohen & Cohen, 1983). The
experience measures of time in military, time in Armor, time as
gunner, and hours of U-COFT were entered into the regression
equation as a functional set of variables. Because the sample
included subjects with a great amount of experience, the set of
experience variables was always entered first into the equation
and the GT score was entered last.

h. Use of Instructional Features: Standardized procedures
were followed throughout testing to ensure each gunner had an
equal opportunity to identify and engage targets. The TCs were
trained to issue standardized fire commands, lay the reticle on a
predetermined landmark for each engagement, and read instructions
verbatim to the subjects. The 1/0s were trained to identify the
exercise to the TC and gunner, give instructions explaining the
exercise, direct TCs to the landmark before target appearance,
punch in the gunner’s target identification response, perform all
driver related functions during each engagement, and print out
all measures and call up the next exercise on the U-COFT.

5. Discussion:
a. Major Findings:




(1) Experiment I:

(a) A significant group effect was found for aiming
error on pretest performance. Firing time, percent hits, and
aiming error were intercorrelated; therefore, all three pretest
performance measures were subsequently used as covariates in the
analyses of experimental test performance.

(b) 2 significant overall group main effect was
found for each performance measure. Post hoc comparisons between
groups revealed a significant effect (lower performance) for
Group 4 (mask and gloves, emergency mode) on each measure. The
only significant effect for the groups in MOPP gear under normal
operational mode (Group 2, Group 3) was on aiming error.

(c) A significant exercise main effect was found
for each performance measure. Post hoc comparisons between the
exercises revealed a significant effect (lower performance) for
long-range targets on firing time and percent hits in all groups.

(d) A significant interaction between group and
exercise was found for each performance measure. The post hoc
comparisons revealed a significant interaction between Group 4
(mask and gloves, emergency mode) and exercise on each measure.

(e) A positive and stronger relationship was found
between firing time and biographical variables then with all
other performance measures; seven of the ten correlations ware
significant.

(f) The multiple regression analyses revealed a
significant multiple correlation between gunner firing time and
the set of experience variables, particularly overall time as a
gunner. This result also was found for aiming error in the
experimental conditions.

(2) Experiment IT:

(a) No significant differences were found on any
performance measure. Therefore, no covariates were used in the
analyses on experimental test procedures.

(b) A significant overall group main effect was
found for each performance measure. Emergency mode significantly
degraded firing time, percent hits, and aiming error. The
significant effect for MOPP gear on aiming error found in
Experiment I was not replicated. Furthermore, there was no
significant interactions between MOPP gear and operational mode.

(c) A significant exercise main effect was found
for each performance measure. Planned comparisons between the
exercises on target range revealed a significant effect (lower
performance) for long-range targets on each performance measure.
These findings support the findings of Experiment I.
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(d) The interaction between MOPP and exercise was
not significant for any performance measure. The interaction
between operational mode and exercise was significant for firing
time and aiming error. The post hoc comparisons revealed a
significant slower firing time in the long-range target exercises
under emergency mode conditions. These findings support the
findings of Experiment I.

(e) A positive and strong relationship was found
between firing time and biographical variables then with all
other performance measures; five of the ten correlations were
significant. This finding supports the finding of Experiment I.

(f) The multiple regression analyses revealed a
significant multiple correlation between gunner firing time and
the set of experience variables, particularly overall time as a
gunner, while the accuracy measures of percent hits and aiming
error were not significantly correlated with experience.

b. Authors’ Conclusions:

(1) The results indicated no substantial deficiencies in
gunnery performance associated with protective mask and gloves
(i.e., did not support previous findings of large performance
decrements associated with NBC equipment). Also, wearing MOPP
gear did not additionally affect nor further degrade performance
under emergency operational mode conditions as might be expected.

(2) Performing under emergency operational mode remained
2 only significant effect on gunner performance (e.g., degraded
iring time and aiming error in long-range target engagements),
~ut cannot be assumed for all types of target engagement.

(2) The significant correlation found between firing
time and time in military suggest that the relationship may be
due to the slowing of response times with age, which has been
found in other research concerning aging effects on motor
behavior.

(3) The significant performance degradation associated
with the emergency operational mode strongly suggests the need to
develop intensive training countermeasures to moderate the impact
of possible battlefield threats on the gunner’s prcficiency. The
U-COFT should be a critical component in such training.

c. Limjtations: One factor which may have affected the
results of wearing MOPP gear on performance is the experience
level of the subjects. As members of the M1 NETT, they were
highly qualified and experienced Armor personnel trained to
instruct. M1 gunnery and conduct of fire procedures. Also, as
reported by a number of subjects, they had ieceived a large

amount of Nuclear, Biological, and Chemical (NBC) training in
MOPP gear.




d. Consideratjons:

(1) A major problem in research has been the frequent
use of samples that are too small in relation to the variability
of performance (N = 12 per group), so that the statistical power
to detect differences has been inadequate.

(2) The results of power tests to estimate the minimally
sufficient number of subjects required to demonstrate effects
that may in fact exist were not reported.

6. Related Work:

a. Department of the Army (1985). Tank combat tables M1
(Field Manual 17-12-1). Washington, DC: Author.

b. General Electric (1985). 1Instructor’s utilization
handbook for the M1 Unit-Conduct of Fire Trainer (U=
co Vol.1l). Orlando, FL: Naval Training Equipment
Center.

C. Smith, E. P., & Graham, S. E. (1987). Validation of
psychomotor and perceptual predictors of armor officer M1
gqunnery performance (ARI Technical Report 766).
Alexandria, VA: U.S. Army Research Institute for the
Behavioral and Social Sciences. (AD 191 333)

d. Witmer, B. G. (1988). Effects of degraded mode gunnery

procedures on the performance of M1 tank gunners (ARI
Technical Report 778). Alexandria, VA: U.S. Army

Research Institute for the Behavioral and Social
Sciences. (AD 192 246)
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3. Bauer, R. W. (1978). Training transfer from mini-tank range
to tank main qun firing (ARI Technical Paper 285). Alexandria,
VA: U.S. Army Research Institute for the Behavioral and Social
Sciences. (AD Al178 446)

1. Topic Keywords: Armor; M60A1 Tank Gunnery; Simulation:; Mini-
Tank Range; Subcaliber Training Devices; Training effectiveness.

2. Short Summary: This research compared the effectiveness of a
mini-tank range device with subcaliber training using the tank
coaxial machine gun, and assessed transfer of training on main
gun Tank Tables (TT) IV, V, and VIII. Two experimental groups of
17 and 15 M60A1 gunners each fired the .22 caliber mini-tank
range tables as preliminary exercises to main qgun firing. A
control group of 18 gunners used the 7.62mm coaxial machine gun
(single shot) to fire preliminary tables. The control group and
one experimental group fired 130 rounds each on the preliminary
tables; the second experimental group fired 260 rounds, the full
number prescribed for mini-tank range tables. Independent
evaluation teams were used to collect and record live fire
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performance measures on main gun TT IV, V, and VITI. The results
revealed that the group that fired 260 rounds on the mini-tank
range had faster first-round time-to-fire scores on TT 1V,
achieved the best main gun hit scores on TT IV and VIII, and
attained the best overall scores on TT VIII with no crew errors.
Differences among the three groups on the main gun performance
measures were not statistically significant. Individual gunner
experience showed no significant relationship with main gun
performance. Overall, gunnery on the mini-tank range exercises
was more accurate and efficient, and less costly than on the
7.62mm subcaliber device.

3. Performing organization: U.S. Army Research Institute for
the Behavioral and Social Sciences, ARI Field Unit - Fort Knox,
Fort Knox, KY 40121-5620.

4. Approach: Experimental
a. Number of Groups: 3

b. script oups: The subjects were 50 M60A1/A0S
gunners from three companies in an armored cavalry battalion, who
participated in the research during their annual gunnery training
and crew qualification. To maintain company integrity during the
training (no random assignment of crews), the design involved a
comparison among the three company-size groups. Although one of
the three groups (Group 2) appeared to have more experience in
the Military Occupational Specialty (MOS) 11E (Armor Crewmen) and
another group (Group 1) had more experience as tank gqgunners, the
groups were considered equivalent ror purposes of research.

c. est r Trials:

(1) Group 1: The subjects were 17 tank gunners who each
fired 130 rounds of .22 caliber ammunition on preliminary TT I
thru VII using the mini-tank range, as described in TC 17-12-6
(U.S. Army Armor School, Field Mini-Tank Range Complex, 1975).
They also completed a Tank Crew Qualification Course (TCQC), a
ranging and tracking course, and a synchronization and alignment
exercise.

(2) Group 2: The subjects were 15 tank gunners who each
received the same experimental gunnery training as Group 1, but
fired 260 rounds of .22 caliber ammunition on TT I thru VII.

(3) Group 3: The subjects were 18 gunners who each
fired 130 rounds of 7.62mm ammunition using the coaxial machine
gun (single shot) on preliminary TT I thru III as described in TC
17-12-5 (U.S. Army Armor School, Tank Gunnery Training, 1975).
They also completed the TCQC, ranging and tracking course, and
synchronization and alignment exercise.

d. Number of Different Types of Measures Used: 4
e. pescription of Measures/Ratings: To assess transfer of
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training, the criteria were gunnery performance on tank main gun
TT 1V, V, and VIII, as scored by evaluation teams drawn from
resources other than the participating battalion. On TT IV ard
V, the measures were (1) number of hits, (2) percentage of
engagements in which at least one hit was obtained, and (3) time-
to-fire the first round (in seconds) on each engagement. On TT
VIII, the measures were (1) number of hits, (2) percentage of
encgagements in which at least one hit was obtained, and (3) total
firing time. To ensure group equivalency, the criteria were four
experience measures: (1) months of experience in the MOS, (2)
months of experience in the tank commander (TC) position, (3)
months of experience in the gunner position, and (4) number of
gunners who qualified during the prior three years.

t. Experimental Settina/Training Context: -~ 2search was
conducted in a field setting using a hands-on tr.. g and

testing approach. A BC scope located in the range tower was used
to score TT IV and V main gun hits. A timer mounted on each
firing tank was used to record time-to-fire first rounds. To get
equivalent times-to-fire, each gunner was instructed to lay the
main gun off targets and on a pole marking the edge of the range
fan prior to each engagement. Timing began either with movement
of the gun or the TC’s fire command alert cf "Gunner", whichever
was observed first. Elapsed time closed with the firing of the
main gun. On the 7.62mm range, targets for TT I, II, and III
were concentric four-inch and eight-inch circles located at 60
meters. Soldiers in Group 3 (the control group) had difficulty
in achieving convergence with the coaxial machine gun at 60
meters versus the designed convergence at 800 meters. Shimming
was needed to force the gun to the extreme right of the aperture
ring. On the mini-tank range, the nearest targets were located
at about 1000 meters simulated by an actual range of 53 feet near
the front edge of the sandtable. From that line forward, each
foot represented 100 meters. The targets used for TT I and II
were slightly smaller in angular area than targets used on the
7.62mm range.

g. Statistical Methods: The data were analyzed using the
analyses of variance (ANOVA) technique (Kirk, 1968). Spearman-
Brown correlation coefficients were calculated post hoc between
level of experience and TT VIII scores to assess equivalency of
groups. Descriptive statistics also were used to analyze the
experience measures and gunnery data. For comparison purposes,
the main gun TT VIII scores were transformed into percentages of
the maximum score possible for each gunner on day and night
firing combined. Machine-gun scores from preliminary tables were
excluded in the statistical comparisons.

h. Stage of Training: Annual tank gunnery density.
6. Discussion:

a. Majer Findings:




(1) Groups which trained on the mini-tank range achieved
better time scores (time-to-fire first round) than the control
group on TT IV but not on 1T V. The differences were significant
between Groups, Tables, and Groups by Tables interaction.

(2) Group 2 showed the best hit performance on TT 1V,
but all groups performed equally well on TT V, the moving target
table. The differences between the groups, however, were not
significant. ANOVA with unweighi.ed means solution showed a
significant difference between Tables, but no significant
differences among groups and no significant interaction.

(3) Group 2 had the highest mean score (calculated as
percent of maximum possible scores) on TT VIII; Group 1 = 67%,
Group 2 = 80%, Group 3 = 74%. However, the difference among
groups was not significant.

(4) Group 2 average (median) performance on TT VIII was
Distinguished (the highest level of qualification), while the
other two groups’ average performance was Expert. However, the
mean score percent difference was not significant.

(5) Ditferences between groups on percentage of total
engagements in which one or more hits were scored favored Group 2
on TT IV and VIII, but the differences were not significant.
ANCVA with unweighted means solution was significant for Tables,
but not significant for Groups and Gcoups by Tables interaction.

b. Authors’ Conclusions:

(1) In general, gunnery on the mini-tank range exercises
was more accurate and efficient, and less costly than the 7.62mm
range firing used for comparison.

(2) Use of the mini-tank range exercise in preliminary
subcaliber training prior to main gun firing was shown to be at
least equally effective to the 7.62mm range in terms of transfer.

(3) Gunners given the full training experience (260
rounds) on TT I thru VII (Group 2) performed well on main gun TT
IV and VIII. Cutting these exercises 50% (130 rounds) resulted
in relatively poor performance on main gun tables, but the
difference was not significant.

(4) Mini-tank range exercis2s may »e further enhanced by
better scoring, practice distribution and administration of the
exercises with emphasis upon correct crew procedures.

c. Limitations:

(1) There were equipment maintenance and operational
problems with both old and new tanks in the battalion. During
the research, older M60A1 tanks were exchanged for new M60A1/A0S
tanks (with add-on stabilization) throughout the battalion.
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(2) Despite the fact that no firing was done "on the
move" during the preliminary exercises, the greater number of new
M60A1/A0S tanks in Group 2 (14 of 15), as compared to 9 of 17 for
Group 1 and 10 of 18 for Group 3, may have contributed to the
better performance of Group II on TT VIII.

(3) The control group experienced great difficulty in
achieving convergence of the coax machine gun at 60 meters. As a
result, most of the three days allotted for TT I, II, and III
(nearly 1.5 days) was spernt on TT I. This, in turn, reduced the
time remaining for the bulk of the preliminary firing tables.

(4) The device evaluation did not address the issue of
measurement reliability; no specific testing toward reliability.

(5) 1In general, the three groups did not fire the same
number of main gun rounds on each table, one company did not fire
second rounds after first-round hits on TT IV, and gunners who
achieved more first-rounds hits on TT VIII used fewer rounds and
received more points for rounds saved.

d. Consideratijions:

(1) Live-fire performance tends to be unreliable because
of measurement difficulties and the nature of the firing tasks.
Performance on any single engagement is, at best, only a rough
indicator of proficiency (Hoffman, 1989).

(2) It is a common practice that crews know or "G-2" the
TT VIII course before their qualification run. This knowledge
plays a major role in target acquisition, which in turn, results
in much faster opening times and increased TT VIII points score.

(3) The TT VIII scores are confounded by not having used
the crews’ first-run data. Crews that fail to qualify on their
first run are retested, normally firing only those engagements
that they failed previously. The company commander, however, may
require a crew to refire the entire set or subset of engagements.

6. Related Work:

a. Department of the Army (1977). Tank gunnery for M60,
M6QALl, MG6OAL1(AOS), and M48AS5 tanks (FM 17-12-2).
Washington, DC: Author.

b. Hoffman, R. G. (1989). PDpescription and prediction of
Grafenwoehr M) Table VII]I performance (Technical Report
837). Alexandria, VA: U.S. Army Research Institute for
the Behavigral and Social Sciences. (AD B136 331)

c. Kirk, R. E. (1968). m a sign;: Procedures fo

the Behavjoral Sciences. Belmont, CA: Brooks/Cole.

d. U.S. Army Armor School (1975). Tapk Gunnery Training
(Training Circular 17-12-5). Fort Knox, KY: Author.
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e. U.S. Army Armor School (1975). F. .d Mini-Tank Range
Complex (Training Circular 17-12-6). Fort Knox, Ky:

Author.
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1. Black, B. A., & Abel M. H. (1987). w of U.S. armor crew
latoo (o) (o) t 9 Canadian Arm

Iroghx (CAT) comgetltiog (ARI Research Report 1442). Alexandria,
VA: U.S. Army Research Institate for the Behavioral and Social
Sciences. (AD A185 470)

1. Topic Keywords: Armor; M1l Tank: Tank Gunnery: Simulators:; U-
COFT; Crew Turbulence; Training Effectiveness; Prediction; ASVAB.

2. Sho umrary: This research reviewed and evaluated the
available data relating performance of U.S. tank crews in the
1985 Canadian Army Trophy (CAT) competition to training and
personnel variables. Data were collected from existing company
records and interviews with cadre and crews. Training variables
included performance on the Ml Unit-Conduct of Fire Trainer (U-
COFT) and device mix strategies, while personnel variables
included level of crew turbulence, Armed Services Vocational
Aptitude Battery (ASVAB) scores, and unit assignment policies.
Criterion measures from two training periods on the U-COFT
included target identification time, target hit time, number of
hits, and number of rounds fired. Biographical data and ASVAB
scores were also obtained for all CAT personnel. Correlational
analysis were used to examine the relationship between CAT
performance and U-COFT, ASVAB, biographical, and crew turbulence
data. The results revealed that (a) speed measures from the
second U-COFT period were positively correlated with CAT
performance, (b) the top-scoring unit received the greatest
amount of U-COFT training, (c) no strong relationship was found
between ASVAB and CAT performance, (d) the average ASVAB scores
for the tank commander (TC) were higher than the gunner’s scores
in the two higher scoring units and vice versa in the lowest
scoring unit, and (e) the level of crew turbulence was highest in
the unit with the best CAT performance.

3. Performipg organization: U.S. Army Research Institute for
the Behavioral and Social Sciences, Field Unit - Fort Knox, KY
40121-5620.

4. Approach: Aanalytical
a. Number of Groups: 2

b. Description of Groups: The subjects were TCs and gunners
from platoons in three different armor divisions located in the
U.S. Army Europe (USAREUR) who were involved in the train-up for
the 1985 CAT competition. The first group was composed of 14
TC/gunner pairs that remained intact throughout train-up and the
CAT competition. This group’s data base contained measures from
the first U-COFT training pa2riod, the second U-COFT training
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period, and the CAT competition. The second group and associated
data base consisted of measures from all 24 TC/gunner pairs who
participated in the CAT competition.

c. Tests or Trjals: U-COFT pre- posttests and CAT results.
d. DNumber of Different Types of Measures Used: 3.

e. Description of Measures/Ratings:

(1) U=COFT: The U-COFT performance measures were (a)

.rage target identification time, (b) average target hit time,
(c) number of hits, and (d) number of rounds of ammunition fired.
Percent hits was used as a measure of firing accuracy, and the
difference between target hit time and target identification time
was used as a measure of engagement speed. All U-COFT data were
extracted from U-COFT printouts obtained from the units and the
U-COFT manufacturer.

(2) CAT: The CAT perforrance measures were (a) average
opening time, (b) number of hits, (c) number of rounds fired, and
(d) average range of targets. Percent hits were computed as a
measure of accuracy. CAT performance for each TC/gunner pair was
determined after the competition by both the platoon leader and
platoon members’ reenactment on paper of each battle run. The
tank platoon leader’s matching of crew with engaged target and
the hit/miss data resulted in a crew’s CAT performance measure.
Copies of the judges’ scoresheets were obtained for each tank
platoon’s battle run with engagement { .mes and target ranges.

The platoon leader’s matching of crew and engaged target was
evaluated against the judge’s scoresheet and the range map to
determine individual crew engagement times and range to target.
Discrepancies were resolved by assuming the official scoresheet
was correct in providing target range and that the platoon leader
was correct in determining which tank crew engaged the target.

(3) ASVAB: The ASVAB analysis was conducted using TC
and gunner scores obtained from tle Defense Manpowver Data Center,
Monterey, CA. The ASVAB is a multiple-choice test containing 10
subtests. Four subtests are cnrmbined to form the Armed Forces
Qualification Test (AFQT), which is considered a general measure
of trainability and the piimavy criterion for enlistment. Other
subtest combinations are used in occupational classification.
Three of thesz, alung with AFQT. were used in this analysis. The
CO (combat), GM (general mechanical), and ST (skilled technical)
composites were used because {.iey address the types of skills
needed in iank gunnery.

f. Experimentul Setting/Training Context: Each unit’s U-
COFT training Adata, computei printouts f~: each TC/gunner pair,
were collectad fiom iwo training peri.ds. The first training
period conaisted cf standard U-COFT exercises, each containing
six-ter -~nga emeats. The engagements —aried in target range,
target movement, type and number of targe:s, and thz movement of
tre crew’s rank. The crewmer. received an orientation phase for
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familiarization with U-COFT followed by a pretest consisting of
six-nine exercises. A posttest was given after seven training
sessions that was identical to the pretests. Specially prepared
exercises were used in the second training period on the U-COFT.
These exercises were based on a visual system which replicated
the actual CAT competition range. Again, the U-COFT pre-
posttest were separated by seven training sessions. The training
sessions consisted of exercises which (as before) z2lso differed
in target and tank movement conditions. After the CAT
competition, platoon leaders were interviewed for individual crew
performance data.

g. Statjistjcal Methods: Descriptive statistics and analysis
of variance (ANOVA) were calculated to examine unit differences
in U-COFT pre- posttest performance measures for both training
periods. Pearson product-moment correlation coefficients were
used to evaluate the relationship between each variable (U~-COFT,
ASVAB, Biographical, Turbulence) and CAT performance.

h. Stage of Training: Highly experienced TC-gunner pairs.
6. DRiscussiop:
a. Major Findings:

(1) For the TC/gunner pairs that remained intact t.rongh
the competition, performance improvement occurred on all measures
from pre- posttest after seven training sessions on the U-~COFT.
Improvement occurred for all three units and training periods.

(2) Measures of speed from the second training period on
U-COFT were positively related to speed in the CAT competition.
However, accuracy measures on the pre- and posttests fron both
training periods were not related to CAT accuracy measures.

(3) The only meaningful difference between the three
units on the U-COFT posttests when compared to their performance
in the competition was in the speed of engagement.

(4) Only a few correlations between the TC and gunner
ASVAB test scores and CAT performance were significant. The TC’s
ST score was negatively related to accuracy and speed measures,
which may have iresulted from the emphasis on speed in the CAT
corpetition’s scuring system. The gunner’s GT, CO, and AFQT test
scores were positively related to engagement times, suggesting
that the higher the score, the longer the engagement time.

(S) Correlations computed between TC and gunher ASVAB
scores and AFQT found three out of the four negative correlations
were significant. The negative correlation suggested that the
higher the TC scores, the lower gunner scores, and vice versa.

(6) The two units who received more points in the CAT
competition had TCs with higher average ASVAB scores and were
paired with gunners who had lower average scores. In contrast,
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the unit with the lowest points paired TCs who had lower average
scores with gunners who had higher average scores.

(7) The TCs time in duty position with the crew was
significantly correlated with the accuracy measure.

(8) The gunner’s time in pay grade was positively
correlated with accuracy; i.e., the longer the time in pay grade,
the greater the accuracy.

(9) The unit with the best overall crew stabilization
and least turbulence had the lowest scores in the competition.
The unit that had the most turbulence had the highest scores.

b. Juthors’ Conclusions:

(1) Overtraining appears to be critical in performing
well under the stressful conditions of the CAT competition.

(2) Mixing device-based training with training on the
actual equipment prevents learning device-specific responses and
also maintains a high level of motivation.

(3) High-fidelity simulators such as the U-COFT are
advantageous as part of a CAT training program and a diagnostic
tool in personnel selecction.

(4) The results of examining the level of turbulence
suggest that commanders of CAT units should not hesitate when
making personnel changes to achieve the best crew combination.

¢. Limitations:

(1) The basis for the report was the available U-COFT
data furnished by the units involved in the CAT competition and
the subjective opinions of the participants who were interviewed.

(2) The data base consisting of measures from TC/gqunner
pairs that remained intact throughout train-up and the CAT
competition (N=14) may not meet the statistical requirements for
external validity and generalizability of results.

d. considerations: The assumption that the platoon leader
was correct in determining which crew engaged the target may be
wrong; this determination was made at some time after CAT. Also,
accuracy of measuring specific tank~-to-~target ranges from a range
map to assign hit/miss scores for crews is unknown, as are the
number of discrepancies that were resolved using this procedure.
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1. Topic Keywords: Armor; M1l Tank; Tank Gunnery; Training
Pevices; TOPGUN; Training Methods; Performance Evaluation: ROTC.

2. h u a* This research examined the effects of varying
difficulty level on performance of gunnery tasks. Sixty student
subjects were rendomly assigned to one of three training groups.
Each group of 20 subjects practiced three blocks of 36 trials,
which required tracking and shooting moving targets using TOPGUN,
under one of three conditions: (a) an easy-to-intermediate-to-
difficult progression of targets (PROG), (b) a random order,
mixed-difficulty of targets (MIX) or (c) all difficult targets
(DIFF). Immediately after training, all three groups were tested
on a randomly ordered set of 36 easy, intermediate, and difficult
targets. The dependent variables were target hits, time to fire,
azimuth error, and aiming error. The results revealed that (a)
learning occurred during practice; (b) group differences were not
significant for any of the dependent measures; (c) paid Reserve
Officer Training Course (ROTC) students achieved significantly
greater hit percentages and smaller aiming errors than did non-
ROTC students who received extra credit for participation; (4d)
the PROG group and the MIX group achieved significantly greater
hit percentages of easy targets than did the DIFF group; and (e)
the PROG group achieved significantly greater hit percentages of
difficult targets than did the MIX group.

3. Performing Organization: U.S. Army Research Institute for
the Behavioral and Social Sciences, PM TRADE Field Unit, 12350

Research Parkway, Orlando, FL 32826-3276:; University of Central
Fiorida (UCF), Institute for Simulation and Training (IST), P.O.
Box 25000, Orlando, FL 32816.

4. Approach: Experimental

a. Number of Groups: 3

b. Desc