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FOREWORD

In 1972, the Army Research Institute for the Behavioral and Social Sci-
ences (ART) initiated research which led to the development of a training
method now known as tactical engagement simulation training. A tactical train-
ing environment has been created; however, definitive training guidance has
not accompanied the training system. In order to provide effective training
guidance, information is needed on the skills relevant to tactical performance
on the modern battlefield and how these skills relate to one another. This
research systematically investigated individual and collective tactical skill
acquisition, holding constant the variables of terrain, mission, and skill of
the opposition. The research was conducted in response to the requirements of
Army Project 20Q162722A791 as a part of a larger program of research in tactical
training for the Army Training and Doctrine Command (TRADOC).

The research was made possible through the active support of the 3d
Infantry (Old Guard). Thanks are due to the officers and men of the 01d
Guard, especially CPT Dean Cash who served as senior controller for all field
exercises and ensured that data collection procedures were followed. The
following members of the research staff participated in the data collection
effort: John J. Bosley, Frank King, Peter W.J. Onoszko, and Earl S. Stein.
Finally, Robert G. Wanschura and Peter J, Paternoster contributed to the de-
velopment and explication of the indices of collective performance.
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THE EFFECTS OF REPEATED ENGAGEMENT SIMULATION EXERCISES
ON INDIVIDUAL AND COLLECTIVE PERFORMANCE

BRIEF

Requirement:

To determine the effects of repeated engagement simulation exercises upon
the performance of individuals and their small units against a series of novice
opponents, keeping the terrain/mission constant. This is part of an effort to
identify tactical skills related to successful combat mission performance and
to determine the relationship among such variables and differing combat en-
vironments.

Procedure:

A rifle squad of nine men with a defensive mission established five
positions in an area of 2000 by 200 meters. The squad was then opposed in a
series of engagement simulation exercises by 15 different rifle platoons
(average strength 30 men) with a movement-to-contact mission. The location of
each squad member was recorded for each exercise, along with the casualtices
inflicted and incurred. Measures for individual and collective tactical per-
formance were developed for the rifle squad.

Findings:

Individual soldiers tended to suffer increased casualities when they
caused more casualties. The squad as a group became propressively more effec-
tive at inflicting casualties; however, they did not measurably improve in
avoiding enemy fire. Different defensive positions contributed uncequallv to
casualties inflicted.

Utilization of Findings:

The results provide evidence for a gradual improvement in collective
tactical achievement during repeated trials, as measured bv an index heavily
weighting casualties inflicted. Armv units should provide repeated oppor-
tunities for soldiers and small units to practice tactical skills during
engagement simulation exercises.
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IHE EFFECTS OF REPEATED ENCAGEMENT SIMULATION EXERCISES
ON INDIVIDUAL AND COLLECTIVE PERFORMANCE

INTRODUCTTON

Tactical engapement simulation is a training method introduced into the
Army In 1972 to stress the combat environment in which individuals and units
must operate on the battlefield. Unlike '"live fire" exercises (whoere the onlwy
enemv is a series of inanimiate tarpets) or "blank fire' exerciscs (where
firing eftects are, at best, a subjective estimate bv an umpire), cngagement
simulation provides a realistic and objective simulation of weapon effects and
weapon signiatures tor two opposing sides in free-plav exercises (Yord and
Root, 1977).

Experience in the tield has shown that repeated engagement simulation
exercises have produced improved tactical unit performance. Units receiving
3 weeks of engavement simulation training perform better than units receiving
1 week of engagement simulation training (Root, Epstein, et al., 1976). In
more recent test, rifle squads receiving 3 davs of engagement simulation
training demonstrated greater tactical proficiencv than ritle souads receiving
Jodavs of conventional training (Banks, Hardv, Scott, Kress, & “Yord, 1977;
Meliza, Scott, and Epstein, 1979; Scott, Banks, Hardv, & Sulzen, 1979, A
similar test was conducted with tank platoons supported by row! antiarmor
missile sections where the units received 5 davs engagement simulation train-
ing and performed better than comparable units given 5 davs of conventional
training (Scott, Meliza, Hardv, Banks, & Word, 1979; Scott, Meliza, Hardv, &
Banks, 1979).

The ertfects of training on individual and collective performance during
the engagement simulation process have been difficult to measure. While hoth
sides are improving, it is hard to measure the performance of one side--the
same relative performance todav mav be an improvement over vesterdav's perior-
mance because the opponent has also improved.

The missions assigned to training units have a definite eftcect on the
outcome. Detenders have a decided advantage over attackers, according to Arnv
doctrine (Department of the Armv, 1976b) and research evidence (Root et al

LEEY

1976). The “raining transter etftfect of one mission on another is unknown.

Engagement simulation training is tvpicallv conducted on varvingy terrain
to enable the traineces to learn the specific techniques applicable to dittfer-
ent terrain.  Research has indicated that troops adapt to variations in the
terrain bv emplovine more lony-range veanons in the open and more <hert-ranve
weapons in the woods (Root and Frwin, 1976). Since terrain is otten changed
from exercise to exercise, it is dittficult to determine whether periormance
improvenments are attributable to repeated practice or terrain adaptive behavior.

1. . . e .
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The research objective was to measure tactica
controlling opponent skill, tactical mission, and

METHOD
Subjects

The unit tor investigation was a rifle squad
defending OPFOR (opposing force) against rifle pla
to-contact missions. The squad was made up of nin
private tfirst class to staff sergeant.  The OPFOR
battalion scout platoon, During the vourse of the
and six substitutes tfrom the battalion scout plato
four times.

fhe 1h ritle platoons serving as the oppositi
nal evialuation tor the movement-to-contact mission
1976a).  The fifteen plateoons ranged in size from
30,53,

Procedurce

Fhe 0OPFOR squad prepared detensive positions
post wel! torward ot the main line of defense. Th
defend in the same manner for each of the 15 ditfte
Marine Corp= platoon was run against the squad tor
during Week 1 to work out the exercise control pro
to be tested.  Terrain was kept constant by using
2000 = by 200 o oof rolling and wooded terrain at F

Fach platoon arrived for testing at an assemb
test Dane, was siven an enypavement simutation brie
contact mission order, and began the exercise. On
dav for 3 consecutive davs 1 week.,  Each exercise
with envapement simulation procedures as outlined
(VS Armv Intantrv School, 1973). Controllers were
tivs based on the emplovment of the following weap
hand prenades, clavmore mines, LAWs (Light Anti-ta
Fhere was one controller for cach group of four to
the engavement simulation procedures.

A net control o station kept o casualty record
casualty, the time of the casualty, and the firer.
the mortar indirect fire missions reguested by bot
rounds fired, and the casualties that were caused
collectors vecorded the specitic detensive Jocatio
during cach exercise and the casualtices intlicted
were then used to develop individual and collectiv
Measures,

1 skill acquisition while
terrain,

formed to serve as the
toons conducting movement -
e men ranging in rank from
squad was tormed from a
test, some men were absent
on tilled in trom one

on were receiving an exXter-
(Department of the Arnmv,

22 to 37 men, with 1 mean of

and selected an observation
¢ squad was instructed to
rent tested platoons. A
twe prelininary exercises
cedures tur the 15 nlateoons

¥

onlyv one area, approxiratel

ort AJPL HiITT, VAL

Iv area at one emd o! the
finy with the movement-to-
e mission was comnducted o
was conducted in accordance
in the appropriate manaal
trained to assess casual-
ons:  ritles, machine gans,
nk Weapond), and mortar ire
five men, as required by

shect that noted cach

A record was also keptoo
, the nurber ot
by indirect {ire.  Data

hosides

noot cach sguad merber

and incurred. hese dat
e tactical pertorman

B
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As part of the same test, additional data were colleted from the oppasing
rifle platoon units concerning the effects of leader board-game plav on the
initial engagement simulation exercise (Sulzen, Stein, and Jones, in prepara-
tion).

RESULTS

Individual Pertormance

The performance of cach squad member was recorded for the 15 exercises
during Week 2 through Week 6. The measures included the casualties that
each squad member inflicted upon the attacking platoon, the number of times
he became a casualtv, and the number of times he participated in the 15
exercises (Table 1). Two measures of performance were developed for use
with these data--mean casualties inflicted per participation, and mean
casualties suffered per participation. Individual squad members varied
considerably in the mean number of casualties inflicted per participation,
with a range of .31 to 8.13 and a mean ot 2.95, The mean casualties suf-
fered had a range of .33 to .80 and a mean ot .50,

Inspection of data on casualties inflicted ¢lable 1) reveals that tfive
of the nine squad members (Individuals A through Fioinflicted 877 of the
casualties; six of the squad members (Individuals A through F) inflicted 947
of the enemv casualties. These six squad members intlicted at least two
casualties per participation, while the remaining: three squad members in-
tlicted less than one.

e the effects of one's

one objective of combat operations is to
own weapons upon the enemv; the natural coroliare 1y o rinimize the effects
of enemy weapons.  Inspection of the casualtics Lutrered oer participation
indicates that success in causing enemv casualtics did ot lead to success
in avoiding encmv fire. In fact, there is a Pearson product menent correlation
of .80 between casualties inflicted and casualtiecs incurred (sivnitficant at
the J01 level), In effect, the more enemv casualtics produced bv o squad
member, the more likely he was to become a casualtv himselt,

Two individuals (B and F) were exceptions to this general rule.  Al-
though individuals B and F caused more than two casualties per participa-
tion, unlike the others in this categorv thev sufiered less than .5 casual-
ties per participation. Both these men were non-commissioned officers (one
was A sergeant, FE-5, and the other was a staft sergeant, E-6).

Defensive Position

Inspection of casualtv data related to detensive position suppested a
ditferential eftfectivencess in defensive positions occupied (Table 2).  Squad
members in position 1 and 2 performed at about the expected rate (2,88 casu-
alties inflicted per participation). However, performance at positions 3
and 4 was well below that rate, and performance at position 5 was well above
it.
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Figure 1 shows the defensive positions
and 2
on the defensive
post or OP and was well forward of the other positions in one of three loca-

Position 1

and 4 left

were

tions.

were on the defensive right side and forward.
and rearward.

on a scale map with boundaries.
Positions 3

-

Position 5 was the observation

The barbed wire on both flanks of the main defensive positions served

to funnel the attackers into the defensive position.

A chi-square analvsis was made with the distribution of observed ca-
sualties inflicted from each position and the distribution of casualties

inflicted that could be expected (Table 3),

significant difference between the distributions of casualties

The chi-square analvsis showed a
inflicted.

The members of the defending rifle squad differed considerably from cach

other in terms
of positioning

of casualties inflicted,
data showed that most

ent positions. One individual occupied all

as shown
individuals occupied at least two differ-

in Table 1. However, review

five positions, and his perfor-

mance in casualties inflicted (Table 4) parallels the general pattern of

casualties inflicted by all squad members as shown in Table 2

1&2 = 3&4).

Table

area was occupied by the defending rifle squad members.

(position 5

5 provides data on the mean number of times a specific position or

Although there were

some constraints on the squad members, thev were relativelv free to occupv the
positions as thev chose, Table 5 indicates shifts in squad member position
preferences.

Collective Performance

Two performance indices were developed for use on the casualtv data.  An
"Achievement'" index (Equation 1) considered casualties produced (bv dirccet and
indirect fire) and the number of persons in the exercise (minus personnel lost
and selt-inflicted casualties).

Cas n Cas (1)
o oo
A= &
- . .
N - ((,LIS . N
¢ esi ol)
where: Af = Friendlv achievement index
Cas n Fnemv casualties from direct tire weapons
©
Cas o = Enemv casualties from indirect tire weapons
ey A
N o= Total number ot c¢nemv personnel
o
Cas P Self-inflicted enemv casualties
es
N y Total number ot cenemv personnel lost
¢ . .
(uncertain as to location)

Fhe defending ritle squad's Achicvement indes was calonlbated for v b
exercise, and then a mean was caloalated tor cach wecks Vigare shows i
weeklv mean Acvhicvement index ot the cqgaed tor iy weekar Three oxero oo

D
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SN —

from Varying Positions

befensive Position

lable 4. Casualties Inflicted by Individual E3

Per Participation

S N 1 2 3 4 5 Total
Casualties Inflicted 9 5 0 0 27 41
Participations 4 2 2 1 4 13
Mean Casualties [nflicted 2.25 3.5 0] 0 6.75 3.15

“ndividual E was the onlv member of the defending squad to participate from

all tive positions,

Table 5. Weekly Mean Participation in Fach Position

Positiond

B S S A, S T
Week |1 no data available

Week 2 2.0 2.0 2.0 1.7 1.
Week 3 3.0 2.0 1.7 1.3 l.
Week 4 2.7 2.7 .7 2.0 1
Week 5 4.0 1.7 0 2.0 1.
Week A 3.0 1.7 1.3 1.7 1.
lfotal Mean .y 2.0 1.1 1.7 l.

ATotal number of participants occupving a position during
the number of exercises in the week.

a week

divided by
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were run per week except for the first week when the two preparatory exercises
were conducted). With the exception of the second week, the mean Achievement

index (Figure 2) shows a gradual improvement from .74 to 1.0 and demonstrates

what appears to be collective improvement over time.

A second performance index, the "Conservation" index (Equation 2},
considered the avoidance of casualties (total personnel less casualties from
all causes) and personnel lost. Personnel lost or misoriented were not
counted for or against the conserving unit since they were not direct battle
losses.

- + h
. - Nf (Casfn Casfg + CasfSi + Nfl) (2)
f
Ne = Ny
where: Cf = Friendly conservation index
Nf = Total number of friendly personnel

Casfn = Friendly casualties from direct fire

Casfg = Friendly casualties from indirect fire
Casfsi= Self-inflicted friendly casualties
Nfl = Total number of friendly personnel lost

(uncertain as to location)

The defending rifle squad's Conservation index was calculated for ecach
exercise, and then weekly means were calculated as shown in Figure 3. Al-
though the Achievement index shows a gradual improvement over time, the ‘on-
servation index shows only a slight increase over time.

An index (Equation 3) was also developed for "Effectiveness,' which is
a function of both the Achievement and the Conservation indices. 1In the
development of the Effectiveness index it was decided that there were two
effects: one was due to Conservation and the second was due to the inter-
action of Conservation and Achievement. It was further decided that the twe
effects were additive. The Conservation effect was developed to be more
vialuable when there were fewer casualties; this was done by making the Con-
servation effect quadratic. For the interaction effect of Conservation and
Achievement a change in Conservation was viewed as more important when levels
of Achievement were higher. Therefore, a multiplicative relationship between
change in Conscrvation and change in Achievement was chosen.  The result is a
laryer product difference for higher Achievement levels than for lower Achicve-
ment levels, The etffectiveness index is:

o= c? o+ ca (1)
where:  F o= Effectiveness
C = Conservation as defined by Equation ()
A = Achievement as detined bv Fquation (1)




3dury

UGSUW .ur:.y PUA JO(] IV NopPU] UOTILALISUO) UL AN T¢oaandd 11
SEER

9 S v 3 C [

1 1 ! 1 1
- M ¢
poe N. .

r

e M N

T
= ~

Xapuil
c- uorTjevalasun)y
N

A - b
- Y .
b /"

i
- MN.

o e — 6"
1 ~ 01




The Effectiveness index was plotted by weekly mean for the defending
rifle squad in the same manner as the Achievement and Conservation indices
(Figure 4). Inspection shows that the Effectiveness plot closelv follows the
plot of the Conservation index.

DISCUSSTON

The significant positive correlation between casualties inflicted and
casualties suffered is not a militarily desirable relationship. A more de-
sirable result would be a negative correlation indicating that increasing
skill in causing casualties leads also to skill in avoiding casualties (as
oceurs with fighter pilot aces). A similar pattern appears in the colledtive
measures of squad performance; the squad improves over time in terms of enemv
casualties inflicted but shows no improvement in avoiding enemv fire. What
leads to these results? 1t is possible only to speculate as to probable
causes, such as insufticient or inappropriate training. If the training was
insutticient, then additional training may produce an improved effectivencss
index. If the training was inappropriate, what specific training practice wis
inappropriate? The training was repeated practice of engaging an opposing
force. If continued practice reinforces incorrect behavior, it would seem
logical to change some aspect of the stimulus situation. Engagement simula-
tion provides an environment with realistic casualty assessment. However, the
negat ive consequences of engagement simulation for the participants are no
more severe than those ot a basketball game. The negative consequences ot
combat, which enpagement simulation seeks to model, are real, permanent, and
dreaded bv the participants.

Risk-takiny behavior in ypames and in combat is moderated by the conse-
quences.  Although engagement simulation portravs combat casualty assessment,
the results are mild and risk-taking behavior mav differ from combat risk-
taking behavior, invalidating the engagement simulation model. 1f the en-
pagement simulation model is partiallv invalid, continued use »f the model
will produce some negative training (such as higher than usual risk taking
behavior). T the engagement simulation training model has invalid aspects
that produce negative training, those aspects need to be chanped. A technigue
to improve conservation might be to reward individual and collective conser-
vation or survivabilitv while punishing inappropriate or high risk-taking
behavior.  Successful unit performance, as measured by the Effcectivencess index
developed here, will increase the number of survivors during combat simulaticn,
hetter enabling the unit to continue the mission.

Ihe difterential effectiveness of the defensive positions, measured by
casuialtics intlicted, in the reported results may be caused by o number ot
tactors.,  One factor might be the actions of the opposing side (such as
moving primarilv toward one side of the defense).  This possibilitvy is sup-
ported by the fact that most attacking platoons approached past position b
(the observation post) toward positions 1 and 2. Further support tor the
content fon that positions occupied provide differing opportunitics to intliot
casmlties mav he seen in Table 5, which reflects an unobtrusive measnre of
squad member position preference.  After position H was occupicd bv two rien in
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the first two exercises, the exercise director ordered that the pesition be
ovcupied by only one man, The other four positions were voecupied gt the
discretion of the squad. A logical distribution would be two men to o posi-
tion (as was the mean distribution during Week 2). However, during subsequent
weeks, soldiers showed a greater preference for positions 1 and 2. Assuming
that soldiers wanted to inflict more casualties, their preference tor posi-
tions 1 and 2 mav reflect a preconceived effectiveness attoibuted to these
positions,

The shift in squad member participation between Yeek b and Week 6 (Tab 1y
5) shows a trend awav from position 1 back toward position 3. During Week 5
the detending squad suffered more casualties from indircet fire (mortars) than
in anv other week., Manv of these casualties were suffered around position 1.
nlv two squad members at position 1 could get inside the bunker with its
added protection from indirect fire. The additional squad members around
position | could not get into the bunker and were more exposed to enemv obser-
vation and fire (both direct and indirect). The shift awav from position |
during Week 6 following the heavy casualties of Week 5 is a possible demon-
stration of adaptive behavior bv the defending squad.

Another reason for differentinl defensive effectiveness mav be the
individual skills of the soldiers occupving specific positions (althoneh, -
previously noted, most men occupied at least two different positions, and the
one who occupied all positions had a pattern of success that followed the
collective pattern).

A tinal possible cause for squad members inflicted more casualties from
some detensive positions than from others could be the militarvy aspects ot the
terrain (such as observation, fields of fire, cover and councealment). Assun-
ing the military aspects of the terrain have an efrfect, it should be possibis
to predict differential success in advance.

The results of this studv provide evidence tor a yradual improvement in
maximizing enemv casualties (achievenent) bv a tactical unit repeatine the
same mission on the same terrain while being opposed by novice units.  “ea-
sures of individual and collective tactical performance have been cevelopoed,
fhe study provides evidence that continned practice in the current combat
simulation does not necessarilv improve soldiers' abilitv to survive. Al
different defensive positions, tor a variety of possible reasons, contribaty
unequal lv to casualties,
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