
"yr

Technical Report 828

Effects of Recoil on Rifle
0o Marksmanship Simulator

(D Performance
0

I Kenneth L. Evans

< DTIC
L ELECTE

February 1989 APR2 199

United States Army Research Institute
for the Behavioral and Social Sciences

Approved Ior public release; distibution is unlimited

(8 9 ,l4



U.S. ARMY RESEARCH INSTITUT E

FOR THE BEHAVIORAL AND SOCIAL SCIENCES

A Field Operating Agency Under the Jurisdiction

of the Deputy Chief of Staff for Personnel

EDGAR M. JOHNSON JON W. BLADES
Technical Director COL, IN

Commanding

Technical review by SA~ccesion, vor .

JeanL. Dyer NTiS CRA&I
Robert J. Pleban - . C oT& .:.

JU:-r; • ,: .. j II

,, I , , ' .

.........................................
o . " *. ,' ., 'Iv )II bI

I-...........--

NOTICES

DISTRIBUTION: Primary distribution of this report has been made by ARI. Please addres-
correspondence concerning distribution of reports to: U.S. Army Research institute for the
Behavioral and Social Sciences, ATTN: PERI-POX, 5001 Eisenhower Ave., AMexandfia, Virginia
22333-5600

FINAL DISPOSITION: This report may be destuoyed when it is no longer needed. r11eaae dL n:iv
return it to the U.S. Army Research Institute for the Behavioral and Social Scier._"e

NOTE: The findings in this report are not to be construed as an official Departmewi. cA the Army
position, unless so Oesignated by other authorized documents.



UNCLASSIFIED
E(CURITY 'CLASSIFICATION OF THiS PAGE

RE PRT OCUMNTAION AGEForm Approved
REPOT DCUMETATON PGE0MB No. 0704-0188

Ia. REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS

Unclassified________
2a. SECURITY CLASSIFICATION AUTHORITh 3. DISTRIBUTION/ AVAILABILITY OF REPOP,

2b. ECLSSIFCATON IDOWGRADNG CHE ULEApproved for public release;
2b.DECASSFICTIO /DWNGADIG SHEDLEd is tribut ion unlimited.

4. PERFORMING ORGANIZATION REPORT NUMVBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)

ARI Technical Report 828

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

ARI Field Unit at Fort (if applica ble) U.S. Army Research Institute for the
Benning, Georgia PERI-IJ Behavioral and Social Sciences

6C. ADDRESS (City; State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)

P.O. Box 2086 5001 Eisenhower Avenue
Fort Benning, CA 31905-0686 Alexandria, VA 22333-5600

8a. NAME OF FUNDING/ SPONSORING 8b. OFFiCE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMVBEq

ORGANIZATION (if applicable)

Same as 7a. PERT -

8c. ADDRESS (City; State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK IWORK UNIT
ELEMENT NO. NO. NO. (322) IACCESSION NO.

Same as 7b. 6.37.43 A7 94 3306 H.2

711. TI11I.E (Include Security Classificariori)

TEftects of Recoil on Rifle Marksmanship Simulator Performance

121. PSRSONAI. AUTHOR(S)

Evans, 1ýernieth L. -______________________________

.3.TF F EOT10 CZOERE- I d. DATE OF REPORT (Year, Month, Day) 115S. PAGE COUNT

F.ina II FROM_._P/OpQ TO 88/09 1989, February 24

16. SUPPLEMENTA*RY NOTATION-

17. COSAlI CODL5 7 18. SUBJLV.' IERMS (Continue or reverse it necessary and identify by block number)
FIELD GRýOUP _-GROUP iR' f le mnarksmanship training) Weapons training)

Training dev:Li.eL` - Simulation. (
19 i',OTRACT (Ccrvinwý o~n ro'verz- if ee.'rvarwl identify by Llock number)

411 determini'_W if the accurate reproduction () a rifle's -:ecoii is a necessary feature
cf a ,.ifle marksin-1,ii'p simulator, thi.3 re-searLnz W.3S conducted with 24 adult volunteers
in l! wlitary .coc~c r,2anizatlon. Each resea.-:17 participant fired 12 shots at sil-

hiouette targets prcvit.d co the i'ultipurpose Arcaidc Cmbat Simulator (MACS), whose de-
mili~tarli.ýeci M2.tA. ii-Tle uas ,_quipped with ai five-si.age' solenoid recoil mechanism dr:velop..,i
Iy !,aro Lectronics..,fc. S of the'se shots were -iieA with recoil and six were fired
withiout -recoil. !it each r'Žc,)'. 'di.. three shots wFere fired from a supported firing
position and three~ were 1-ired frani an uiiiors)or ter, position. The presentation sequence of
the recoi 1 anij f Ii: posit r',t :,ndri cior~., wes counterbalanced across f irers. In terms

n t-iut wM'.-Ceuen1t: bEfc0Vk OIL S10L. a--,.n aLC~racy, maresmanship simulator performance was io
found tcn d-ttf-r ir:igniitiC;nIclv as *n fitmcticon ef zi'-coi1.. As! expected, recoil resulted in

~igifi~~it .y ~e.t monwvemnent af_..r rhe ~1.c~t.,icis of -h(! Introduction of rifle

-(Continued) J
A.. ~:~THIUTIONAVALAILITYO~ Ad ~Ac Ag~TF4A.Ct CE.JIIu-SSIFICATIO~i

ONurCI.iýSSIr'~ J'LIM.ItU EbrI SAI`,M-SA RrT (~jT.C I.,SERS U nc 3 '-Lf i td
.Z "V. NME O F-;- 7--P NS0I NE NC I V1D)UO L tTF. 1,F PI.(- N- (I iwtzde A..-.a. I2L 2, 1-,ICE ;iMBOI I

Ktinnct.i L-. Evans' AV R'J5A 'ý,)5Ai PFRI-IJj

DDJ F-rirn j47?, jIjlN 26 o'ev. .'i.e. 1 itions arc Sa~~e FCURITY CLAS¶!siCATION OF TI4:ý PAGE
IJNCI-iAS ',T.IlED



UINCLASSIFIED
qECURITY CLASSIFICATION OF THIS PAGE

IForm ApprovedREPORT DOCUMENTATION PAGE 0 Al, 0704-01

Ia. REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS

Unclassified __
2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPORT

Approved for public release;2b. DECLASSIFICATION I DOWNGRADING SCEDULE distribution unlimited.

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

ARI Technical Report 828

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
ARI Field Unit at Fort (If applicable) U.S. Army Research Institute for the
Benning, Georgia PERIIJ Behavioral and Social Sciences
6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)

P.O. Box 2086 5001 Eisenhower Avenue
Fort Benning, GA 31905-0686 Alexandria, VA 22333-5600

Ba. NAME OF FUNDING/SPONSORING 8Bb. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

ORGANIZATIONj (If applicable)

Same as 7a. PERI

Ec ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK IWORK UNIT
ELEMENT NO. NO. NO. (322) CCESSION NO.

Same as 7b. 6.37.43 A794 3306 H.2

SI. TITLE (Include Security Classification)

Effects of Recoil on Rifle Marksmanship Simulator Performance
12. PERSONAL AUTHOR(S)
Evans, Kenneth L.
13a. TYPE OF REPORT 13b. TIME COVERED T14. DATE OF REPORT (Year, Month Day) I S. PAGE COUNT
Final FROM Q TO..~& 1989, February 24

16. SUPPLEMENTARY NOTATION

17. COSXTI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP __4d-GROUP Rifle marksmanship training Weapons training)

Simulator fidelity, 106 .rift

1Trainin devices p Simulation. -

19. BSTRACT (Continue on reverie if necessary and identify by block number)

' determin'eif the accurate reproduction of a rifle's recoil is a necessary feature
of a rifle marksmanship simulator, this research was conducted with 24 adult volunteers
in a military research organization. Each research participant fired 12 shots at sil-
houette targets presented on the Multipurpose Arcade Combat Simulator (MACS), whose de-
militarized Ml6Al rifle was equipped with a five-stage solenoid recoil mechanism developed
by Larson Lectronics, Inc. Six of these shots were fired with recoil and six were fired
without recoil. In each recoil condition, three shots were fired from a supported firing
position and three were fired from an unsupported position. The presentation sequence of
the recoil and firing position conditions was counterbalanced across firers. In terms

of both movement before the shot and accuracy, marksmanship simulator performance was not

found to differ significantly as a function of recoil. As expected, recoil resulted in

significantly greater movement after the shot, because of the introduction of rifle
(Continued)...

"20, DISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
Q UNCLASSIFIED/UNLIMITED 0 SAME AS RPT. 03 OTIC USIRS Unclassified

12m, NAME OF RESPONSIBLE INDIVIDUAL I LIP"ON1 (btlAE Ana co*) I o# %7=

,Kenneth L Evans AV 835-5589 IPERI-T.
T;0 Form 1473, JUN 86 Pviou editions o*o•oee. SIECUIT ••t•O _S I ...

UNCLASSIFIED
£



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Dal EnBered)

ARI Technical Report 828

19. ABSTRACT (Continued)

movement by the recoil mechanism itself. Consistent with previous research

in the areas of classical conditioning and simulator fidelity, these find-

ings suggest that the atcurate reproduction of recoil is unnecessary in
rifle marksmanship simulation. \ "

UNCLASSIFIED

SECU ITY ('l.ASSIFICATION OF THIS PAýE(Whs.n 0.I. En.1..,.dJ



Technical Report 828

Effects of Recoil on

Rifle Marksmanship

Simulator Performance

Kenneth L. Evans

ARI Field Unit at Fort Benning, Georgia
Seward Smith, Chief

Training Research Laboratory
Jack H. Hiller, Director

U.S. Army Research Institute for the Behavioral and Social Sciences
5001 Eisenhower Avenue, Alexandria, Virginia 22333-5600

Office, Deputy Chief of Staff for Personnel
Department of the Army

February 1989

Army Project Number EducatIon and T =ining
20263743A794



FOREWORD

Although many rifle marksmanship instructors believe tile accurate repro-
duction of a rifle's noise and recoil is an essential characteri:•iic of a
rifle marksmanship simulator, the available evidence from research in classi-
cal conditioning and simulator fidelity suggests that noise and recoil may be
unnecessary. Given the likelihood that the addition of realistic noise and
recoil features to a marksmanship simulator would increase its manufacturing
and maintenance costs substantially, it is prudent to consider whether such an
addition would result in greater training effectiveness. The present research
investigates this dilemma.

At the request of the U.S. Army Training Support Center, this research
also examined whether it would be worthwhile to add a recently developed re-
coil feature to an existing marksmanship simulator, the Multipurpose Arcade
Combat Simulator (MACS). This simulator has been evaluated extensively in the
Army. The benefits associated with MACS training appear to be increased per-
formance, fewer failures to meet performance standards, significantly lower
ammunition expenditures, improved performance feedback, and greater Foldier
interest. Patented in 1986, MACS is a product of the U.S. Army Research In-
stitute's Fort Benning Field Unit, which also performed the presel.t investi-
gation. The Fort Benning Field Unit conducts research on training and train-
ing technoloyv with particular emphasis on individual and small-team skills in
the Infantry arena. The research task that supports this mission is titled
"Developing Training for Individual and Crew-Served Weapons," which is organ-
ized under the "Train the Force" program area.

Providing sponsorship for the MACS research program were the U.S. Army
Infantry School under a Memorandum of Understanding (9 December 1987) and the
U.S. Army Training Support Center under a Training Device Need Statement for
MACS approved in 1984. The Army Training Support Center also procured the
recoil mechanism used in the investigation. Preliminary results of this re-
search have been provided to the Directorate of Training and Doctrine of the
Infantry School and to the Devices Management Directorate of the Army TraAning
Support Center. These findings are expected to have substantial impact oxi
their decisions concerning future requirements for rifle marksmanship training
devices. It should be noted that these findings may have some applicability
to the simulation of other weapon systems, particularly if simulation is used
in con'junction with live firing in an overall training strategy.

EDGAR M. JOHNSON
Technical Director
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EFFECTS OF RECOIL ON RIFLE MARKSMANSHIP SIMULATOR PERFORMANCE

EXECUTIVE SUMMARY

Requirement:

To determine if the accurate reproduction of a rifle's recoil is a neces-
sary feature of a rifle marksmanship simulator, particularly the Multipurpose
Arcade Combat Simulator (MACS).

Procedure:

Twenty-four adult volunteers in a military research organization each
fired 12 shots at silbhdette targets presented on a MACS system, whose demili-
tarized M16AI rifle was equipped with a recently developed five-stage solenoid
recoil mechanism. Each research participant fired six shots with recoil and
six shots without recoil. In each recoil condition, three shots were fired
from a supported firing position, and three were fired from an unsupported
position. The ordeL of presentation of the recoil and firing position condi-
tions was counterbalanced across firers. Three measures of simulator perfor-
mance were obtained for each firer in each experimental condition: movement
before the shot, movement after the shot, and accuracy.

Findings:

In terms of both movement before the shot and accuracy, marksmanship
simulator performance did not difter significantly as a function of recoil.
As expected, recoil resulted in significantly greater movement after the shot,
because of the introduction of rifle movement by the recoil mechanism itself.
Compared with the supported firing position, tiring from an unsupported posi-
tion resulted in significantly greater marksmanship error on each measure of
performance. Significant relationships were found in the no-recoil condition
betveen movement, both before and after the shot, and accuracy. Specifically,
greater movement was associated with more error in accuracy. Finally, experi-
enced firers exhibited significantly less movement and accuracy error than
inexperienced firers.

Utilization of Findings:

Consistent with previous research in the areas of classical conditioning
and simulator fidelity, these findings suggest that the accurate reproduction
of recoil is unnecessary in rifle marksmsaship simulation when that simulation
is part of a training program that also includes live firing. Their implica-
tions for cost savings are substantial. Because of the greater costs associ-
ated with simulating recoil, these findings suggest that it would be more

vii



cost-effective to use simulators without recoil in rifle marksmanship t-ain-
ing. In addition, these findings may have some applicability to the simula-
tion of other weapon systems, particularly if six-ilation is used in conjunc-
tion vith live firing in an overall training strategy.
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EFFECTS OF RECOIL ON RIFLE MARKSMANSHIP SIMULATOR iPERFORKANCE

INTRODUCTION

In order to hit a target with a rifle, the rifle must be aligned with the
target and a shot must be fired without disturbing this alignment. The U.S.
Army rifle marksmanship training program teaches soldiers four marksmanship
fundamentals: steady position, aiming, breath control, and trigger squeeze
(Osborne & Smith, 1985; U.S. Army Infantry School [USAIS), 1984). The purpose
of these fundamentals in to ensure that soldiers have proper rifle-targe'
alignment at the moment a shot is fired. If this is achieved, the target is
hit. If rifle-target alignment is poor at the moment a shot is fired, the
target is missed. Failure to achieve proper rifle-target alignment can be
attributed to errors in the execution of one or more marksmanship fundamentals.

Teaching the first three fundamentals is relatively straightforward and
most novice firers learn their execution after a short period of training.
However, the fourth fundamental, trigger squeeze, is more difficult to learn.
In fact, trigger squeeze errorn cause more target misses than errors in the
execution of any of the other fundamentals (Osborne & 3mith, 1985; USAIS,
1984). Trigger squeeze is taught for two important reasons. First, any sudden
movement of the finger on the trigger may disturb rifle-target alignment.
-econd, an ore imr.nrortantly, Rqueeing the trigger prevents the firer from

knowing the exact moment of rifle firing. if this exact moment is known
precisely, most firers will develop a tendency to anticipate the rifle's noise
and recoil by closing their eyes, for example, or by tensing their shoulder or
arm muscles a fraction of a second before the shot. These latter anticipatory
behaviors transfer undesirable movement to the rifle that disrupts rifle-target
alignment, often with dramatic results. For instance, a small lateral muzzle
movement of a fraction of an inch just prior to firing will cause a target at
300 yards to be missed by several feet. When such behaviors occur after the
shot, as a normal reaction to the rifle's firing, they are inconsequential.
This is because the bullet has already exited the muzzle. Only when they occur
just prior to -'.e shot, as anticipatory behaviors, do target misses result.

Trigger squeeze errors caused by the anticipation of noise and recoil are
particularly problematic because they occur in close temporal proximity to the
rifle's actual firing. Hence the muzzle blast and recoiling movement of the
rifle itself tend to mask any anticipatory movement of the firer. Firers are
generally unaware of their error and it is difficult for an observer, to detect
as it happens. lHowever, the occurrence of a trigger squeeze error can be
inferred by determining the magnitude of the target miss distance after the
fact. The miss distances associated with trigger squeeze errors tend to be
much larger than those associated with other types of errors (Osborne & Smith,
1985; USAIS, 1984).

Most rifle marksmanship instructors know that the anticipation of rifle
notse and recoil by firers is the most difficult problem they encounter in
training. Largely for this reason, many instructors also believe the accurate
reproduction of a rifle's noise and recoil is an essential characteristic of



any rifle marksmanship simulator. Instructor comments and questionnaire
responses from simulator training effeotiveness evaluations attest to this
commonly held belief (Eagle Technology, Inc., 1987; U.S. Army Infantry Board
[USAID], 1986, 1987, 1988). Yet, work in two different areas of research,
classical oonditioning and simulator fidelity, suggest that noise and r.ecoil
are unneoessary irn rifle i.arksmanship simulation.

Classical Conditioning

Classical, or Pavlovian, oonditioning has a rich history of psychological
research spanning more than 60 years. The traditional classical conditioning
model involves the pairing of two stimuli, an unconditioned stimulus (UCS) and
a conditioned stimulus (CS). An unconditioned stimulus is one that naturally
and consistently produces a particular response, called the unconditioned
response (1UCR). A conditioned stimulus is one that is neutral initially, in
that it produces no such response. Through a process of conditioning, in which
the CS is paired repeatedly with the US, the previously neutral CS eventually
begins to produce the response alone. Then the response is called the
oonditioned response (CR). After the CR has been learned, it also can be
eliminated through an extinction process, in which the CS continues to be
presented without the UCS. Although classical conditioning currently ia viewed
as the learning of relations a,|ong events (Rescorla, 1988), thu traditional
model remains useful in understanding the process that causes trigger squeeze,
or anticipatory, errors in rifle marksmanship. Not only is the classioal
conditioning model consistent witn conventional wisdom in rifle markuweaiahli
training, but more importantly, it. suggests additional methods that might prove
effective in preventing or eliminating anticipatory; ,rrors.

Consider how the process of firing a rifle could be viewed in terms of the
classical conditioning model. The noise and recoil associated with firing live
ammunition is the 11CS. It naturally and consistently results in an eyeblink or
shoulder movement response, the UCR. Pulling the trigger can be viewed as the
CS. It is a neutral stimulus initially, in th t. It does not cause one to blink
their eyes or move their shoulder in the absenc-, of noise and recoil. For
example, eyeblinks and shoulder movements normally do not occur when the
trigger on an unloaded rifle is pulled, because It does not produce noise and
recoil. Only after pulling the trigger (CS) has been paired with noise and
recoil (UCS) does pulling the trigger by itself result in eyeblink or shoulder
movement responses Just prior to the shot (CR). Elimination, or extinction, of
the CR occurs following a period during which pulling the trigger repeatedly
falls to prod•ce noise and recoil.

The classical conditioning model is remarkably consistent with what is
routinely observed in rifle marksmanship training. First, many novice firers
initially experience a brief phase during which anticioatory errors do not
occur. This can be considered a conditioning phase that precedes the
development of the CR. Although the conditioning model predicts that this
should happen with all firers, some firers nevertheless exhibit anticipatory
errors at the onset of live firing. This may be due to the likelihood of these
firers already having learned the CS-UCS relationship between trigger pull and
the rifle's noise and recoil, perhapi through watching television, movies, or



live-fire demonstrations before training. Second, the model states that
anticipatory errors can be extinguished by pulling Lhe trigger repeatedly
without ti.e usual noisa and recoil. In fact, the two methods most often used
in rit'le marksmanship training to eliminate anticipatory errors both involve
pullin,4 the trigger without noise and recoil (Osboine & Smith, 1985; USAIS,
1984). One method consists of alternating periods of live firing and dry
firing. Dry firing is identcal to live firing, except no live ammunition is
used. An even more effective methcO is to randomly alternate the firing of
live and inert rounds, without thi firer knowing -hich type of ammunition will
be the next fired. This is accomplished by having the instructor load the
firer's magazine with a random mixture of live and inert rounds. When the
*uiist•secting firer first pulls the trigger with an inert round loaded, any
anticipatory movement can be seen easily by bo'h the firer and instructor
ý,ecause it is no longer ndsked b~y noise and recoil.

In rifle narksmanship trainitrg, interest lies not only in those techniques
that can be used to eliminate anticipatory errors after they have been
condition'.d, but also in techniques that mlay help to prevent such errors from
ever becoming conditioned. A number of consistent findings from classical
conditioning researuh suggest additional procedures that might be used to
prevwnt or eliminate anticipation. Rescorla (198B) has noted that conditioning
in a variety of situations is a function of the likelihood of the UCS during
the C3. If the likelihood of the 'JCS is zero in the absence of the CS, as
happens normally in rifle markimanship training, th:n conditioning decreases as
the probability of the UCS decreasts in the presence of the CS. Consistent
with the two methods of eliminating auticipation previously described, this
finding suggests that increased amounts of' dry firing, relative to the amount
of live flriig, should reduce antinipctory errors because it lowers the overall
probability oi noise and recoil Juring the trigger' pull. Rescorla (1988) also
nas n.oted that cNndi,0onirg is an inverse function of the base rate of UCS
occui-rence in tn(; absence of the CS. Thus, atbempts to increase the incidence
of noise and recoil in tae absentce of a trigger pull also should reduce the
number of anticipaturl errors. Although c firer can be exposed easily to the
noise of others firing on a rifle range, it is more difficuIt to imagine how a
firer could experience recoil without pulling the tr'6ger. Perhaps che effects
of recoil could be ýimu]ated by having firers deliver slight shoulder punches
to one another unpredictably, both bef-ore and a'ter each training session.
Finally, Rescorla (1988) has reported that conditioning is almost nonexistent
when the probability of the UCS in the presence of the CS is equai to the
probability of the UCS in the absence of the CS. This ideal situation, in
which pulling the trigger provides the firer with no information about noise
and recoil likelihood, could be expected to prevent conditioned anticipatory
responses almos. ýcompleteiy.

These findir*ýs of classical conditioning research suggest noise and
recoil are unnecebsar- in rifle marksmanship simulation, when that simulation
is part of a training program that also includes live firing. In this
situation, simulation without noise and recoil should result in fewer
anticipatory errors, because It reduces the overall probability of noise and
recoil during the trigger pull. Classical conditioning research also suggests
that when simulators having noise and recoil are used, its noise and recoil
should be presented in a random or unpredictable fashion.

3



Simulator Fidelity

Simulator fidelity, or realism, refers to the degree of similarity between
the simulator and the equipment being simulated. Thus, rifle marksmanship
simulators having noise and recoil are considered to be higher in fidelity than
those without noise and recoil. Because greater fidelity in a simulator
usually increases its cost, a simulator that includes only those features
necessaary for training has the highest potential for cost-effectiveness (Yuan-
Liang, 1984). Although many assume greater simulator fidelity results in more
effective training, a review of simulator fidelity research has concluded that
"increased fidelity does not guarantee better training" (Yuan-Liang, 1984,
P.2).

Research investigating those conditions warranting greater simulator
fidelity has been inconclusive. Though psychomotor coordination tasks have
been found to require higher fidelity than procedural tasks (Yuan-Liang, 1984),
those psychomotor tasks typically investigated, such as aircraft flight
operation and equipment maintenance tasks, have been generally more complex
than the comparatively simple psychomotor tasks involved in rifle marksmanship.
In contrast, Osgood (1949) proposed that the amount of learning that transfers
from an original situation to a new one depends on the degree of similarity
between the stimuli in the two situations and the similarity between the
responses in those situations. He concluded that when stimuli are varied and
responses are functionally identical, positive transfer of learning is
obtained; when stimuli are functionally identical and responses are varied,
negative transfer of learning is obtained. •The notion that noise and recoil
are unnecessary in rifle marksmanship simulation is consistent with the
findings of Osgood (1984), because the firer's task remains the same whether
or not noise and recoil stimuli are present.

Two investigations have examined issues related to the roie of noise and
recoil in rifle marksmanship simulation. In the first investigation, the
training effectiveness of five rifle marksmanship simulators was evaluated in
U.S. Army basic training (USAIB, 1986). One of the simulators had realistic
noise and recoil features; four did not. The five simulators were generally
equivalent in terms of their overall training effectiveness an6 each
substituted effectively for some live firing with no significant decrease in
subsequent marksmanship performance. Thus, those simulators without noise and
recoil were as effective in training as the one having noise .and recoil. The
second investigation used another rifle marksmanship si;-ulator to examine the
effects of fidelity and performance feedback on both simulator performancu and
live firing performance (Torre, Maxey, Cuddeback, & Piper, 1986). In a
comparison of fidelity and feedback extremes, 52 sailors inexperienced in rifle
marksmanship were assigned to one of two experimental groups. One group
received simulator training that involved noise, recoil, and a maximum level of
performance feedback. The other group received an equivalent amount of
training on the same simulator, but with minimum performance feedback and
without noise and recoil. The average performance of sailors in the two
groups did not differ significantly, either durirg simulator training or durin8g
subsequent live firing. In sammary, these two investigations offej, additional
support to the position that noise and recoil are unnecessary in marksmanship
s • aulat ion.

4



Statement of the Problem

Although many rifle marksmanship instructors believe the accurate
rmproduction of a rifle's noise and recoil is an essential characteristic of a
rifle marksmanship simulator, the available evidence from research In
classical conditioning and simulator fidelity suggests noise and recoil are
unnecessary. Given the likelihood that the addition of realistic noise and
recoil features to a marksmanship simulator would increase its manufacturing
and maintenance costs substantially, it is prudent to consider whether such an
addition would result in greater training effectiveness.

The purpose of the present investigation was threefold. First, it
examined whether rifle marksmanship simulator performance differs as a function
of recoil. Second, the present investigation, unlike the two previous
investigations of rifle marksmanship simulator fidelity, used a research design
that controlled for the initial marksmanship ability of firers. This variable
has been found to influence the results of previous rifle marksmanship
research; in fact, Evans (1988) has reported that rifle marksmanship simulator
training may be more effective for those individuals with lower levels of
initial ability. Third, the present investigation examined whether or not It
would be worthwhile to add a recently developed recoil feature to an existing
marksmanship simulator, the Multipurpose Arcade Combat Simulator (MACS). In
this specific case, it was estimated that the addition of recoil would at
least double the cost of the simulator.

"METHOD

Subjects

Twenty-four adult workers in a military research organization served as
voluntary research participants. Four participants were female and 20 were
male. The rifle marksmanship experience of the participants varied widely.
Seven participants were considered to be inexperienced because they never had
received any formal marksmanship instruction. The remainder were considered
to be experienced because they had received either military or law enforcement
marksmanship training previously, though most had not fired a rifle within the
past year.

Apparatus

Developed by the U.S. Army Research Institute and patented in 1986, the
Multipurpose Arcade Combat Simulator (MACS) was the rifle marksmanship
simulator used in the present investigation (Evans, 1988). Its basic hardware
consists of a long-distance light pen mounted to a demiliatrized M16A1 rifle, a
Commodore 64 microcomputer, a Commodore 1702 color monitor, and a program
cartridge. A Commodore 1541 disk drive and 1526 printer were added to the
brio system in order to store and retrieve performance data. As computer-
generated targets are presented on the monitor, the light pen determines the
firer's point of aim and a switch mechanism attached to the rifle's trigger
sends an electrical signal to the microcomputer when each shot Is fired.
&'zause many of its components are availnble as commercial oef-the-shelf items,



the MACS system is relattvely inexpensive to produce when compared with other
rifle marksmanship simulators.

The MACS software used in this investigation presented each firer with a
series of 12 U.S. Army E-type silhouette targets scaled to represent a target
range of 250 m when viewed at a distance of 3 m from the monitor. Each target
appeared individually at a random screen location and remained exposed until a
shot was fired. After a shot was fired, the target disappeared and the next
target appeared. Performance data, consisting of the target location and a
series of aimimg points across time, were collected for each shot. Vertical
and horizontal light pen aiming coordinates, measured in pixel units, were
collected at a rate of 60/s, from 1 s before trigger switch closure to .5 s
after switch closure.

Simulated recoil was added to a MACS demilitarized M16A1 rifle by Larson
Lectronics, Inc. All components of their five-stage solenoid recoil mechanism
(patent pending) were mounted within the stock and upper receiver of the MACS
rifle, with the exception of an ON/OFF switch mounted in the pistol grip and an
external power supply. Whenever the power switch to the recoil mechanism was
in the ON position, pulling the trigger resulted in an almost instantaneous
rearward movement of the rifle.

Procedure

Four experimental firing conditions were presented to each research
participant. Three shots were fired in each condition for a total of 12 shots.
Recoil was presented in two conditions. One of these involved firing from a
supported firing position and the other involved firing from an unsupported
position. Recoil was absent in the two remaining conditions. Likewise, one of
these involved supported firing and the other involved unsupported firing. A
table with two sandbags was placed 3 m in front of the monitor. Firers stood
behind this table while firing. In the supported firing conditions, the rifle
was placed on top of the sandbags to obtain maximum stability. In the
unsupported conditions, no sandbags were used and firers held the rifle with
their elbows touching the table surface.

The presentation of recoil and firing position conditions was
counterbalanced across firers. Four different sequences of presentation were
used and six firers were assigned randomly to each presentation sequence. The
first sequence presented the four experimental conditions in the following
order: recoil-supported (RS), recoil-unsupported (RU), no recoil-supported
(NRS), and no recoil-unsupported (NRU). The other three sequences were RU-RS-
NRU-NRS, NRS-NRU-RS-RU, and NRU-NRS-RU-RS. Thus, half of the firers received
recoil before no recoil and the other half received no recoil before recoil.
Further, half fired supported before they fired unsupported and the other half
fired unsupported before they fired supported.

Prior to firing, the experimenter told each research participant that the
present investigation was an evaluation of a new recoil mechanism in the MACS
system. Participants unfamiliar with the process of rifle firing were either
told or shown how to aim at a target using the sights and how to hold the rifle
in each firing position. Firers also were told they had unlimited time to
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fire each shot. After the third, sixth, and ninth shot;s were fired, the
experimenter instructed the firers to change their firing position. After the
first six shots were fired, the experimenter repositioned the ON/OFF switch of
the recoil mechanism to change the recoil condition. This clued most firers
to the fact that the recoil condition was changing.

Three performance measures were computed: movement before the shot,
movement after the shot, and accuracy of the shot. These performance measures
were based on similar diagnostic scores used in MACS training software (Evans,
1988). Movement before the shot was computed by adding the vertical and
horizontal standard deviations of the 10 aiming coordinates collected during
the last sixth of a second before trigger switch closure. Likewise, movement
after the shot was the sum of the vert.1 cal and horizontal standard deviations
of the 10 coordinates collected during the first sixth of a second after switch
alosure. Accuracy of the shot was determined by measuring the radial distance,
in pixels, between the center of the target and the last aiming coordinate
before trigger switch closure. Each of the three performance measures
represents error in the firing process, with lower scores denoting better
performance than higher scores. After scores on each performance measure were
calculated for each shot, mean scores on each measure were calculated for the
three shots fired in each of the four experimental conditions. Thus, 12 mean
scores were calculated for each firer.

RESULTS

Thi-ee dependent variables were employed in the present investigation:
movement before the shot, movement after the shot, and accuracy. For each of
these dependent variables a separate three-way mixed factorial analysis of
variance (ANOVA) was performed with recoil (two levels: recoil and no recoil)
and firing position (two levels: supported and unsupported) as within-subjects
factors and with presentation sequence (four levels: RS-RU-NRS-NRU, RU-RS-NRU-
NRS, NRS-NRU-HS-RU, and NRU-NRS-RU-RS) as a between-subjects factor.

Movement Before the Shot

The results of the ANOVA for movement before the shot are reported in
Table 1. Recoil did not influence marksmanship performance on this measure.
In fact, the position main effect was the only source of variance found to be
statistically significant in this analysis. As expected, firers exhibited
significantly more movement before the shot when they fired from an
unsupported firing position (M 2.54) than when they fired from a supported
position (M = 1.72), F(1, 20)-- 26.75, p<.O001.

Movement After the Shot

T7.e results of the ANOVA for movement after the shot are reported in Table
2. Highly significant main effects for recoil and position were found. Due to
the recoil mechanism itself causing movement after the shot, it was not
surprising to find that firers exhibited significantly more movement after the
shot when the rifle recoiled (M = 14.50) than when it did not (M = 2.62), F(1,
20) = 214.65, p<.0001. Like the results obtained for movement before the shot,
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Table 1

Analysis of Variance Results of Movement Before the snot

Source dfF p

Presentation Sequence (PS) 1.32 3 0.44 0.61 .6188
Subjects within PZ 14.51 20 0.73

Recoil (R) 0.49 1 0.49 1.50 .2348
PS X H 0.R)9 3 0.16 0.50 .6892

R X Subjects within PS 6.53 20 0.33

Firing Position (F?) 16.19 1 16.19 26.75 .0001
PS X FP 2.59 3 0.86 1.42 .2651

FP X Subjects within PS 12.10 20 0.61

R X FP 0.10 1 0.10 0.32 .5775
PS X R X FP 0.21 3 0.07 0.24. .8669

R X FP X Su'-jects wihin IS 5.-92 20 0.30

Total 60.411 95

Table 2

Analysis of Variance Results of Movement After the Shot

Source S df MS F D

Prese--ation Sequence (PS) 42.47 3 14.16 0.83 .4925
Subects within PS 340. 79 20 17.0J

Fevoi'ý ('0 3387.82 1 3387.82 214.65 .0001
PS X i" 30.65 3 10.22 0.65 .5937

R X Subjects within PS 315.66 20 15.78

F-.; g Position (FP) 380.21 1 380.21 46.62 .0001
PS X F1P 16.34 3 5.45 0.67 .5816

F? X Subjects within PS 163.09 20 8.15

3 IF 190.-5 1 190.15 23.26 .0001
PS X B X FP 20 1,0 3 6.SLI 0.83 .4920

R X FP X Subjects within PS i63 'i 20 8.17

To ,al 50:; 06 95



firers were found to exhibit significantly more movement after the shot when
they fired from an unsupported firing position (M = 10.55) than when they
fired from a supported position (M 1 6.57), F(1, 20) = 46.62, p<.0001.

In addition, a highly significant recoil X position interaction was found,
F(1, 20) = 23.26, p<.0001. The results of a simple effects analysis of this
interaction are reported in Table 3. In the no recoil condition, firers
displayed slightly more movement after the shot in the unsupported position (M
= 3.20) than in the supported position (M = 2.03), 1(1, 20) = 1.99, n.s. In
the recoil condition, however, firers displayed significantly more movement
after the shot in the unsupported position (M = 17.89) than in the supported
position (M = 11.10), F(1, 20) = 67.78, p(<.O001. The interactive relationship
between the effects of recoil and firing position on movement after the shot is
shown in Figure 1.

Table 3

Simple Effects Analysis Results of the Interaction Between Recoil and Firing

Position on Movement After the Shot

Source SS df MS F p

Firing Position (FP) for Recoil 554.06 1 554.06 67.78 .0001
FP for No Recoil 16.30 1 16.30 1.99 >.10

Recoil X FP X Subjects within
Presentation Sequence 163.48 20 8.17

Accuracy

The results of the ANOVA for accuracy are reported in Table 4. Like the
results obtained for movement before the shot, recoil did not influence
accuracy of the shot. Again, the position main effect was the only source of
variance found to be statistically significant in this analysis. As expected,
firers were significantly more accurate when they fired from a supported firing
position (M = 2.38) than when they fired from an unsupported position (M1
3.00), F(1, 20) = 9.99, p = .0049.

Relationships Among the Dependent Variables

The relationships among mean scores on movement before the shot, movem,.nt
after the shot, and accuracy were found to differ as a function of recoil. In
the no recoil condition, mean scores on the dependent variables were found to
be interrelated, Highly significant Pearson product-moment correlations were
obtained between movement before the shot and accuracy error (r = .78,

9



p<.0001), between movement after the shot and accuracy error (r = .76,
pF.0001), and between movement before the shot and movement after the shot (r
.67, P-- .0003)° As expected, greater movement before the shot and greater
movement after the shot were found to be associated with more accuracy error in
the no recoil condition.

In contrast, no significant correlations were obtained in the recoil
condition, despite greater variation in these mean scores. There wras no
substantial relationship found between movement before the shot and accuracy
error (r = .25, p.= .2402), between movement after the shot and accuracy error
(r = .10, p_= .6557), or between movement before the shot and movement after
the shot (r_ = -. 09, p = .6631). However, movement after the shot was not
expected to be related to the other two variables, because most of this
movement was probably caused by the recoil mechanism itself and not by the
firer. Although a more substantial relationship was expected between movement
before the shot and accuracy error in the recoil condition, a highly
significant correlation was obtained between these two variables when scores
across the two recoil conditions were combined, r .75, P<.0001.

2 0 r

MOVEMENT AFTER RECOIL
THE SHOT

(SD in pixels) 100 NO RECOIL

5

p

SUPPORTED UNSUPPORTED

FIRING POSITION

Figure 1. The interactive relationship between the effects of recoil and

firing position on movement after the shot.
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Table 4

Analysis of Variance Results of Accuracy

Source SS df MS F E

Presentation Sequence (PS) 10.93 3 3.64 1.18 .3418
Subjects within PS 61.65 20 3.08

Recoil (R) 1.53 1 1.53 1.31 .2656
PS X R 1.74 3 0.58 0.50 .6885

R X Subjects within PS 23.33 20 1.17

Firing Position (FP) 9.25 1 9.25 9.99 .0049
PS X FP 4.28 3 1.43 1.54 .2346

FP X Subjects within PS 18.52 20 0.93

R X FP 1.37 1 1.37 1.02 .3255
PS X R X FP 2.71 3 0.90 0.67 .5797

R X FP X Subjects within PS 26.93 20 1.35

Total 162.24 95

Effects of Experience on Marksmanship Performance

For each dependent variable, the performance of the 7 inexperieA ced firers
in the sample was compared with the performance of the 17 more experienced
firers. As expected, the experienced firers were found to have significantly
better scores than the inexperienced firers on each marksmanship performance
measure. Experienced firers had significantly less movement before the shot
(M = 1.95) than inexperienced firers (M = 2.58), t(22) = 4.57, p<.0001.
6'perienced firers also had less movement after the shot (M = 7783) than
inexperienced firers (M 10.-33), t(22) = 3.24, p = .0038. Finally, the
experienced firers exhibited less accuracy error (M = 2.38) than those
inexperienced (M = 3.45), t(22) = 3.15, p, = .004

DISCUSSION

Four limitations of the present investigation have implications for
future research. First, the performance sample was limited to 12 shots per
firer. It is possible a larger performance sample might have yielded
different results by allowing more opportunity for firers to exhibit
conditioned anticipatory responses to the effects of recoil. Although a much
larger performance sample was obtained in two other investigations (Torre et
al., 1987; USAIB, 1986), their findings did not differ from those of the
present investigation. Nevertheless, a larger performance sample would permit
the conditioning and extinction of anticipatory responses to be measured over
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time. Second, because only stationary targets with unlimited exposure times
were used, future research should consider the use of moving targets and
targets with limited exposure times to determine the extent to which the
present findings can be generalized to other, more difficult, firing
situations. Third, the present apparatus did not allow the effects of
realistic firing noise on performance to be evaluated. Because it is possible
that firing noise or noise in combination with recoil may be a more powerful
UCS than recoil alone, it is suggested future research investigate the effects
of noise and recoil, both singly and in combination. Finally, prior
marksmanship experience was found to have a significant effect on each measure
of marksmanship performance. To determine whether the present findings
generalize to all experience levels, it is suggested future research
investigate the potentially interactive effects of recoil and experience on
marksmanship performance with a larger sample of firers in each experience
condition.

Despite these limitations, the results of the present investigation are
entirely consistent with previous research in the areas of classical
conditioning and simulator fidelity (Osgood, 1949; Rescorla, 1988; Torre et
al., 1987; USAIB, 1986). Marksmanship simulator performance, measured in terms
of both movement before the shot and accuracy, did not differ significantly as
a function of recoil. As expected, recoil was associated with significantly
greater movement after the shot, due to the introduction of rifle movement by
the recoil mechanism itself.

Results of the present investigation also offer additional evidence of the
validity of MACS performance measures. These results are particularly
consistent with the results of an earlier MACS investigation conducted by
Schroeder and Thomas (cited in Evans, 1988). Both investigations found greater
rifle movement in an unsupported firing position, relative to a supported
position, and both found that experienced firers exhibited a lower amount of
rifle movement than inexperienced firers. Further, the present investigation
found a substantial relationship between measures of rifle movement and
accuracy. Not surprisingly, more movement was associated with greater error in
accuracy. Additional evidence of the validity of MACS performance measures
comes from the finding that the measure of rifle movement after the shot was
highly sensitive to the presence of recoil-induced motion after firing, as
previously noted.

The present findings suggest it would not be worthwhile to add a recoil
mechanism to the MACS system when it is used in conjunction with some live-fire
training. Not only would the co3t of the recoil mechanism increase the cost of
the simulator substantially, but it is also doubtful that the addition of
recoil would lead to greater training effectiveness for two reasons. First,
MACS performance in the present investigation, in terms of both movement before
the shot and accuracy, did not differ as a function of recoil. Thus, it is
doubtful that simulation with recoil would have greater transfer to live firing
than simulation without recoil. This notion is consistent with the findings of
Torre et al. (1987) that marksmanship performance did not differ as a function
of noise and recoil, either on a simulator or in subsequent live firing.
Second, the results of research in classical conditioning suggest the
presentation of simulated recoil after every shot actually could be less
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effective in eliminatJng anticipatory errors than the total absence of
simulated recoil, because it fails to decrease the overall probability of the
UCS during the CS (Resoorla, 1988). If a recoil mechanism were added to the
MACS system, however, then it is recommended the mechanism be capable of
delivering recoil on a random or unpredictable schedule controlled either by
the microcomputer or the instructor. Unfortunately, the recoil mechanism in
the present investigation did not have this capability. Whether random recoil
is more effective than no recoil at all in rifle marksmanship simulation is a
matter for future research.
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