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FORE'WORD

The research program summarized here was performed by the Army Research

Institute - Fort Benning Field Unit, in collaboration with the US Army
Infantry School., Conunittee Group of Fort Jackson and the Army Marksmanship
Unit at Fort Benning. Sonme parts of the research were carried out with
the cooperation of the US Marine Corps and the Committee Group, the Infan-
try Training Brigade and the Army infantry Board, all of Fort Benning.
This report summarizes work to date on an ongoing program of research
directed toward development of cost effective methods for individual and
collective training in M16AI rifle marksmanship. The overall program
addresses Ml6AI marksmanship at basiz. training, advanced individual training
and unit training levels. It is concerned with all aspects of training
inquiry from problem assessment, through instructional program improvement,
to study of training aids and devices.

The experiments reported herein have been concerned with Basic Rifle
Marksmanship (BRM) at the Basic Training level. The variables studied
were chosen as promising candidate improvements for BRM. Other experiments
have been and will be conducted to provide an additional empirical basis
for training improvements. The overall goal of the research effort is
development of an integrated family of programs to take the firer from
BRM through unit level skills in a cost effective manner. This is a task
often begun and never fully completed.

The research was coordinated with the United States Army Infantry
School which is the proponent agency for M16AI rifle marksmanship training
program development.

ARI research in marksmanship training systems development is con-
ducted as an in-house effort aigmented by contracts with organizations
selected as having unique capabilities for research in the area. The proj-
ect was conducted as part of Army RDTE Project 2Q763743A773, FY 78 Work
Program, 2Q263743A773, FY 79 and 2Q263743A794, FY 80. It was directly
responsive to the requirements of FORSCOM, USAIS and TRADOC.

SEPH ZDER

chnical Director
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SUMMARY OF TIlE ARII-BENNING RNStARCIT PROGRAM ON Ml6AI RIFLE MARKSMANSHIP

BR1EF

Requirement:

In 1976 the U.S. Army began research intended to upgrade the training
of M16AI rifle marksmanship for entry level soldiers. Several experiments
and field evaluations have been carried out by the U.S. Army Research
Institute, Fort Benning Field Unit (ARI) since that time. The purpose of
the current report is to summarize the various AiR ideas and products
that characterize this overall research program to date so that there will.
be clearer understanding of the new marksmanship program that has been
developed by ARI (for Army-wide adoption) based upon the findings of this
research program. Another important purpose of the paper is to bring
attentLon to those critical problem areas that remain unattended, even
as the new training program is about to be fully implemented. A final
purpose is to outline the work still remaining to be completed in order
to develop an integrated set of instructional programs from basic rifle
marksmanship (already completed) to advanced individual marksmanship
training and unit marksmanship training (both in progress).

Procedure:

The research reported/summarized here consisted of three major field
training experiments, a large scale field test of Ml6AI weapon character-
istics/capabilities and field observations/interviews at Army training
centers and at the U.S. Marine Corps. The research was designed to deter-
mine what the problems were with U.S. Army basic rifle marksmanship
training, to pilot test promising ideas for improvement and to field test
the impact of the potential Improvements.

Findings:

Early portions of the research revealed serious problems in existing
Army marksmanship training (as of spring, 1978). The major problems
found were: poor quality of instructors (often having to work with high
ratios of trainee to instructor, when individual attention is needed),
little opportunity for practice of necessary skills, and insufficient
"feedback of where bullets were landing so that correction of problems
was difficult.

Through pilot testing a new zeroing target was developed as was a
simple procedure to provide down-range feedback for bullet hits and misses.

vii



Field experiments confirmed that use of these techniques resulted in
significant improvements in record fire. Also developed were scaled

silhonuette targets for use at 25 meters (e.g., for teaching center of mas-
alm[!,g) and simplified fundamentals of marksmanship. These, too, have
been experimentally tested and found to result in improved shooting perfor-

amance. It was experimentally determined that the typical M16Al rifle could
lbe expected to be capalle of hit t [nig all targets out to 300 meters but
that typical ordnance checks might not identify a faulty rifle. Only
Ia test firing by a skilled shooter could do so. Among the problems that
remain unsolved by the new program are instructor qual-ty and numwber arnd

Dieed for firing facilities giving more detailed hit and miss feedback

at range than is currently possible.

Utilization of findings:

Based upon these experiLnents and several other pilot studies a new
program of instructiou has been developed, refined and tested with over

8,000 troops in initial. entry training. I., June 1980 the Assistant
Commandant of the Infantry Schoocl (aq rproponent) approved the program for
adoptiolL Army wide. The process of implementatior is now under way.
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INTRODUCTION

Rifle marksmanship and its associated training and evaluation have

hiad a long hictory of emphasis in the U.S. Army. At least four major
ý,aprovement e. )rcs, for example, have been conducted within the last

25 years (Dees, Magner and McClusky, 1971; Olmstead and Jacobs, 1969;
XcFanu, Hammes and Taylor, 1955; Staff (HumRRO), 1959).

The most recent research, and the subject of this report, stems
from rapidly growing costs of training and training equipment and from
the Defense Department's greater emphasis on evaluating the products of
training.

In 1976 the U.S. Army began conducting cost and training effective-
ness analyses (CTEA) of several weapon systems. The intent has been to
find training procedures and devices that produce maximized man/system

* performance at an affordable cost. An early example was the CTEA of the
M16Al rifle. In January 1976, Headquarters, Training and Doctrine

Command (TRADOC) directed the U.S. Army Infantry Center (USAIC) to test
and evaluate the then current basic rifle marksmanship (BRM) training
and three candidate alternate programs which required various lesser
amounts of ammunition and training time. Overall, the responsible agency
was the TRADOC Systems Analysis Activity ( TRASANA). The Fort Benning
UniL of the Army Research Institute (ARI) had responsibility for portions
of that test (Hicks and Tierney, 1978; Tierney and Cartner, 1978; Tierney,
Cartner and Thompson, 1919) and has since pursued a systematic research
program in rifle marksmanship.

A large number of pilot studies and several field experiments have
been carried out in this continuing research program. These have been
doc•mented in various separate reports. There is a major logic and
pattern tying all these efforts together that may not be evident from
repding any single report. Thus, a major purpose of this current repcrt
is to summarize and integrate the entire research program and its findings
to date. There are major implications involved for: training develop-
ment; marksmanship ranges, target equipment and training aids; instructor
training; and resource policy. This report should, therefore, be of
direct interest to: training developers, training managers, trainers,
t:-aining equipment developers and those involved in policy and decisions
related to all of these.

The 1976 BRM Test

The 1.976 BRM Test (the CTEA) was conducted at Fort Jackson, South
Carolina. The purpose was to determine if cost/time savings could be
realized by trying the alternate programs, shown in Table 1, in comparison
with the Army Subject Schedule (ASUBJSCD 23-72), the marksmanship program

"1m



Table I

Comparison of Programs of Instruction Evaluated
in the 1976 Basic Rifle Marksmanship Test

Total Hours in Rounds

Program Hours Rounds

ASUBJSCD 23-72 (Baseline) 77 720

Fort Jackson 62 513

Fort Dix 49 262

Fort Benning 35 334

Subjects Covered and Hours of Instruction

Subject ASUBJSCD 23-72 Fort Benning

Mechanical Training 4 4

Marksmanship Fundamentals
and Battle Sight Zero 22 8

Field Fire 30 12

Record Fire 10 5

Automatic Fire 3 3

Night Fire 8 3

2
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in use at the time. If a shorter, less costly program would produce the
same result as the ASUBJSCD training, the savings could be applied to
critical training needs elseihere. The four programs resulted in rela-
tively similar final performance. TRASANA concluded that the shortest
program of instruction (POI), the Fort Benning POI, resulted in final
performance that was acceptably close to the baseline program (though it
was statistically significantly poorer) and could therefore be substituted

for it (TRASANA, 1977). This substitution was accomplished in April 1977
with the publication by the U.S. Army Infantry School (USAIS) of a 37 hour,
334 round BRM POI (USAIS, 1977) which added two hours of preliminary

$ marksmanship training to the test POI. The preface to that document
acknowledged that this was only an interim measure. It said:

This new training program is a product of the Infantry Center's

cost and training effectiveness analysis for the M16AI rifle;
however, it is not a final product. The long term efforts are

directed toward the development of a totally new concept to
defeat the modern battlefield threat. As new technologlcal and
training progressions become available, this program of instruc-
tion will be revised and subsequent training techniques will be
forwarded for integration into this program.

In retrospect two problems were evident -I.s the BRM test. The first

was the assumption that the ASUBJSCD 23-72 program resulted in acceptable
BRM performance, but was just too costly. In fact, the assumption of
adequate performance was probably unjustified. During the test that pro-
gram produced only about 55 percent target hits in spite of nearly half
of the target exposures occurring 50, 100 or 150 meters from the firer.
Oaly about 27 percent of the targets at 300 meters (the greatest distance)
were hit.

Examination of Table 1 reveals another curious fact. The major cuts
registered by the Fort Benning curriculum were in marksmanship fundamen-
tals, zeroing and field firing--all areas which should be affording skill
practice and therefore skill improvements. If repeated hours and rounds
spent on these activities in the ASUBJSCD program were not leading to
more firing skill, one would need to conclude either that skills were
already maximized or that something was wrong with the training, In view
of the fact that several marksmanship programs (e.g., Great Britain,
Federal Republic of Germa.ny) require 70 percent hits on comparable quali-
fication ranges as a minimum standard, 55 percent hits for the Army's
program clearly did not represent maximized skill. It appeared wise,
therefore, to conduct a careful analysis to determine what was wrong.
This became an early high priority ARI task.

3
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ARI-BENNING ACTIVITIES

The ARI-Benning research in marksmanship has been conducted under
the sponsorship of the U.S. Army Infantry School (Directorate of Training
Developments) and Forces Command (FORSCOM) and has been directl{ respon-
sive to Human Research Needs (HRNs) prepared by those agencies.T

Based upon an evaluation of findings from the 1976 BRM test and
growing concern that BRM training is not sending qualified marksmen to
combat ready units, the goal of the project is to examine marksmanship
training at basic, advanced and unit levels and to develop and test an
integrated set of effective marksmanship training programs geared to
combat marksmanship needs (eog., to meet the threat).

* Early ARI Marksmanship Research Activity

At the start of the research the project was planned to answer
several "threat" oriented questions as shown in Table 2. Several reports
were therefore prepared by ARI and by Litton-Mellonics (the ARI-Benning
resident contractor). They deal with definition of the rifle defeatable
threat (Klein and Tierney, 1978), past marksmanship research (Smillie
and Chitwood, 1977) and current training procedures and other possible
training approaches (Maxey and George, 1977; Maxey and Swezey, 1977).

It appeared obvious that BR?! training was not preparing soldiers to
meet the rifle defeatable threat--namely fleeting, often moving personnel
targets from 300 meters away and closer. What was not so clear was what
was wrong. The project staff began to search for that answer by under-
going BRM training as participants and observers.

BRM Problem Diagnosis

Four members of the ARI-Benning/Litton-Mellonics staff took part in
BRM training at Fort Jackson, South Carolina, in March 1978. By then the

1 The research has been or is being performed in response to HRNs:
77-184 and 78-104, Training Effectiveness Analysis for Infantry Systems
(USAIS); 79-216, Improvement of Rifle Marksmanship (FORSCOM); 80-60, Infan-
try Systems Training Effectiveness Development (USAIS); 80-110, Develop
Plan for Assessing Weaponeer Training Effectiveness in TOE Units (USAIS);
80-111, Research Directed at the Development of Methodology for Evaluating
Retention of Skills in Gunner Assessments (USAIS); and 80-115, Research on
Target Engagement Training for Individual and Crew Weapon Systems (USAIS).

4
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IM
Table 2

The Marksmanship Training Effectiveness
Analysis Research Task

o What is the combat threat to be met?

0 What performances are required?

o How are performances to be measured?

o Does existing training meet the threat?

If no, then problem diagnosis and remediation
* required in possible areas of:

Performance feedback
Performance measurement
Training content
Training aids/devices/ranges
Quality of instruction/instructors
Training management
Policy decisions

Infantry School's 37 hour POI was in use. During that week of training
it became clear what some of the major problems were.

Performance Feedback, Probably the most serious problem with the
B1RM program was that it contained very little detailed feedback that
could be u~sed to sharpen marksmanship skill. At 25 meters, fundamentals
were compressed into 10 hours of formal training, during which time the
trainee might fire as few as 27 shots. This was too little time and
insufficient practice to attain the fundamentals of steady position, proper
sighting, trigger control and breath coiitrol--let alone accurate zeroing
of the rifle. These 27 shots at least gave performance feedback because
the trainee walked down range to examine the 25 meter target after firing
each three shots. From this point on, however, killable popup silhouette
targets that fall when struck by a bullet were used for all remaining

* 4 shooting (e.g., field firing, record firing). Unfortunately, the trainee
has no way to determine where on the silhouette the hit is located and,
in the event of a miss, may receive no cue at all where the bullet went.

The killable target was designed in the 19550s to teach transition
to field firing at fleeting, indistinct, combat-like targets once the

5
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trainee had fully mastered the fundamentals of shooting, It was never
intended to be nor is it at all suitable for providing the detailed shot
by shot feedback necessary for diagnosing problems, correcting a faulty

F zero or gradually refining and sharpening a beginner's shooting ability.

It is a universally accepted principle of learning that there must
be relevant, detailed and timely knowledge of performance results if
successful learning is to take place., We found that the BRM program we
participated in at Fort Jackson lacked most of that necessary feedback.

Instruction and Other Problems. Several other problems were found.
Much of the instruction appeared to be hurried with little opportunity for
practice or later review. Concurrent training, conducted for some trainees
while the others were shooting, often did not reinforce what was happening
on the firing line. There were few performance measures taken that could
be used to check progress or that could be used to detect persons with

problems. It was noted that the standard zeroing target was confusing to
use and zeroing in general was difficult to learn. It appeared that many
trainees missed significant portions of the instruction and, because of
the compressed schedule, had no opportunity to make up what was missed.

Training content too appeared to be a problem. Nothing was taught
about the effects on the bullet of wind and gravity. Much of the tradi-
tional information of the past seemed to have been lost or reduced to
"lthe eight steady hold factors," combining elements of "firing position"
with principles such as "trigger squeeze" and "breathing" and which few
persons seem to have mastered.

The most serious instructional problem seemed to be the genieral. lack
of knowledge or skill in marksmanship training and diagnosis on the part of
the drill sergeants (who comprised the majority of the tnstructor pool).
Very likely they had come through a similar thin, non-instructional, non-
feedback marksmanship program themselves. They probably had not seen .
firsthand the down-range effects on bullets and had received little, if
any, instruction or practice in how to teach BRM or in problem diagnosis
and remediation. Due to budget constraints the Army has also greatly
reduced the number of BRM teachers available so that it is not uncommon
to see one instructor responsible for 10 or even 20 trainees at a time on
the firing line. This of course results in virtually no opportunity for
individual attention when trainees most need it.

By the end of our visit at Fort Jackson as BRM training participants
4 it was clear that there were several ways that the training could and

should be substantially improved.

Examination of BRM at Other Training Centers. Following participa-
tion in BR1Ia training at Fort Jackson the staff made visits to Fort Dix,
Fort Knox and Fort Leonard Wood to study their BRI4 training programs.

71 6
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Thege four installations (including Fort Jackson) received the majority
of trainee throughput for 1978 (approximately 70 percent) and so, for
BRM purposes, these training programs had the greatest overall influence
or the BRM skills and abilities of Army basic training graduates.

There were two purposes of the trips: first, to determine whether
the Fort Jackson findings were typical or atypical and, second, to look
for any innovations or training practices that could be shared to improve
overall training. The results of these visits are contained in a report
prepared by Litton-Mellonics (Maxey and Dempster, 1978), The training
at the other training centers was found to be highly similar to that at
Fort Jackson with few different or innovative ideas being utilized. The
authors concluded that BRM could be strengthened by: improved instruction
and instructors, increased use of diagnostic and remediative activities,
better measurement/evaluation during BRM and overall better quality con-
trol of the entire BRM training process.

Marine Corps Rifle Training. Another trip was made in September 1978
to the U.S. Marine Corps (USMC) Recruit Training Depot at Parris Island,
South Carolina. The research staff spent a week observing training and
discussing training pliilosophy, Several major differences characterized

the USMC program. Theirs was a two week long program (89 hours) Involving
a week of rigorous and detailed training in fundamentals prior to any live
firing. During firing week the USMC uses known distance (KD) ranges with
men downrange raising, lowering and scoring the targets and placing
spotters in bullet holes to provide shot by shot feedback to the firer.
The firing line is placed at 200, 300 and 500 yards (or metrs in the case
of San Diego) from the targets.

The Marines utilize dedicated, highly trained instructors. A primary
marksmanship instructor takes responsibility for the training of each
platoon for the entire two weeks and he has several coaches working for
him during firing week who assist only two recruits at a time on the
firing line. A great deal of individualized instruction is thus possible.

Our observations were that the typical Marine recruit is very knowl-
edgeable about his rifle and the task of firing it. Table 3 provides
information comparing performance achieved by Marine recruits taught under
this program and Army trainees taught using the Fort Benning POI from the
1976 BRM test. Although the silhouetta targets are not strictly comparable
to the Army's field fire silhouette targets they are very similar and the
shooting results show a dramatic difference. Army trainees fire at a

4 kneeling silhouette (E type) out to 300 meters. They hit the 300 meter
target about 27 percent of the time on the average. The Mark:'_a recruit
only fires at that type of target at 500 yards (457 meters) but they hit.
it 37.3 percent of the time, even though their target is located at
52 percent greater range. In short, the USMC program produces considerably
higher level shooting skill than does the current Army POI.

7
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This finding does not necessarily suggest returning to KD firing or

copying the USMC program, but it does clearly point up the apparent benefit

of quality and/or number of instructors aTid the value to skill acquisition

of nicaningtul knowledge of results.

Summary Evaluation of Army BRM Program Problems

Upon completion of the above participation and observations several

$ generalizations emerged relating to the U.S. Army trainees, the instructors,

the training ranges/targets and the rifle. These are summarized in Table 4.

In general we found that Army trainees possessed little fundamental marks-
manship knowledge and skill. One major cause appeared to be insufficient
numbers of instructors, many of whom were inadequately qualified for their

responsibilities. A second cause was trainees' difficulty obtaining an
adequate weapon zero. A third was trainees' receiving totally inadequate
knowledge of where their shots were going in field firing situations.
Finally, it appeared that the weapon itself might be responsible for diffi-

culty some trainees were experiencing. These various observations led
to several pilot studies and field tests to answer questions posed and to

test various ways to improve marksmanship training.

BRM tXPERIMENTS

ARI-Benning and Litton-Mellonics entered into partnership in research

activity with the U.S. Army Marksmanship Unit, the Infantry School's

Directorate of Training Development at Fort Benning and with the Committee
Group at Fort Jackson, South Carolina. We immediately began pilot testing

at Fort Benning of promising problem-corrective ideas that had been gener-
ated by our earlier examinations. As techniques were perfected they were

evaluated in field experiments, usually with basic trainees undergoing
BPR training at Fort Jackson.

Feedback and Instructor Quality and Quantity

The first major experiment was conducted at Fort Benning with the
U.S. Army Marksmanship Unit (AMU) during September 1978. It examined
annual Ml6Al rifle iequalification of 82d Airborne soldiers, Three experi-
mental groups were Listed. The first (N=89) went through one day of

standard requalifica:ion with little instruction and little feedback. A
second group (N=97) took rart in a two day program with AMU instructors

performing the training. There was a major increase in the quantity and
the quality of instruction provided compared with usual annual requalifi-
cation. The third group (N=88) was in a three day program that included
the AMU instruction (as above) and a day on a 1D range, shooting with

9



Table 4

Summary of Observations about the Army Basic Rifle
Marksmanship Program upon Completion of the Problem

Identification Phase of ARI Research

TRAINEES

Limited ability to maintain and operate rifle.

Limited knowledge of shooting fundamentals.

Little knowledge of zeroing process.

Poor zero achieved by many.

Limited knowledge of effects of wind and gravity.

INSTRUCTORS

Too few competent instructors.

Limited BRM knowledge.

Limited diagnostic skills.

Unable to conduct effective remediation.

RANGES. TARGETS AND TRArNING AIDS

Difficulty using zeroing targets.

No feedback on quality of pop-up target hits.

No feedback on pop-up target misses.

WEAPONS

Insufficient quality checks.

Hard trigger pull for some rifles.

Poor grouping ability of some rifles.

10
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accurate down-range feedback. Groups 1-3 averaged 23, 25 and 28 hits (of
40) respectively on record fire. The third group's significant 22 percent
increase (p<.001) over the standard condition lidicated the value of
better qualified instructors and/or shooting performance feedback. A
detailed ART report of this research is availablc which also describes
comparable improvements in pistol qualification (Evans, Thompson and Smittn,
1980).

Zeroing and Down-range Feedback

Two serious problems observred at Fort Jackson while undergoing BRN
training were: trainees did not understand the rifle zeroing process and
there was too little feedback available about shots fired at distant targets.

Figure 1 shows the Army's standard zeroing target used at 25 meters
to obtain a battle sight zero. The purpose of zeroing is to adjust the

25 METER (1000 INCH) TARGET

F r 1

I I

Figure 1. The U.So Army standard MI6AI and MI4 rifle zeroing target.

11
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sights so that bu llets will strike tIie target exat ly where thIc SIfghtsH
are lined up for the chosen battle sight z:ero range (250 meters for the
M16AI rifle). Due to trajectory M16AI rifle bullets should strike tho
lower X on this 25 meter target. The trainee has to move his si gIt; two
ci Icks for each block his shot group lands away from the X, plus inter-
polatlng if the shot group falls between squares,,. No instructions are
printed on the target to tell which sight to move or In which direction

; ~to obtain weapon zero.

J ARI developed a new zeroing target to clarify and simplify the zero-
ilg process (see Figure 2). After locating the shot group center the
trolnec can look to the target margins to see how niaoy cl icks to move
which sight in which direction on order to shift the next shot group to
the desired spot. The target also furnishes, cues about shoot~ing at more

distant targets. If the trainee can keep all bullets within the circle
of this 25 meter target, he is likely to hit all targets out to 300 meters
in lateyr field firing. If he cannot, tlhe target identifies the trainee
as one who needs remedial assistance.

ARE 25 METIR Z2,EROIN6 TA1I02 ,

14 13 IZ 11 10 9 1 I I 5 4 3 2 I 0 1 2 3 4 S C I 1 S 9 0 i 12 13 14

'14 -R-1

12 -i 2
I I- I

22 3 3-

17lo 1'1

22

,? 1 I

3 "

4 4

9-
6E, 10

17 - -

13 11

12 4 13 12 11 1 0 -1 7 6 5 4 0 2 1 0 1 2 3 4 6 C 7 1 I Q I0 II 1, 1C -14[

10 i1 .. MOVE gkAOI OOOUP CE1NT( 10 UL--K 111T CLICK .CAV l 0,11T III[ NUMOIT OF TIMES MA.KISO ON EINI

Figure 2. ARI-developed zeroing target for the MI6Al rifle.
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For many years ti1e Army taught iuarksmanshlip ou; KI) ran',s (just as
the Diarines do today), but in tile late 3950s most of tLese range.; were
abandoned in favor of pop-up target field fire ranges. It would be costly
to rebuild those K) ranges so for test purposes ARI deslgnd a down-rawge
teedback process involving placing field fire targets (E and F silhouettes)
against background paper on frames. These target frames were installed
on an easily modified standard field fire range using the preexisting 75
and 175 meter target locations,. Details of the range are shown in
Figures 3 and 4. In use the trainee fires 3-round groups at the two tar-
gets in his lane and walks down range to see and mark where his bullets
landed--whether hits or misses. From the markers prior shot group loca-
tions can thus be seen from the firing line and instructors can detenrine
who among the trainees need instructional aid.

To test the adequacy of the new zeroing target and the down-range
feedback procedure, a second experiment was conducted at Fort Jackson,

South Carolina, during October and November, 1978. A total of 2,124 basic
trainees took part in the experiment using an earlier fonlr of the new
rifle zeroing target and a period of added instruction during which the
student fired at the 75 and 175 meter down-range feedback targets and then
walked down range to see the results.

Four training conditions were compared,. One group underwent standard
training (and obtained 22.7 record fire hits). A second group used the
new zeroing target in otherwise standard training (23.7 hits), A third
group received down-range feedback training added to standard training
(24.5 hits). A final group was given both the new target and down-range
feedback (25.5 hits). The results showed a significant (p<,005) increase
•n record fire performance when the new zeroing target was used, a signifi-
cant increase (<..001) when down-iange feedback was added and a yet greater
increase (2<.O01) when both were added to the training,, It was concluded
that the new zeroing target and down-range performance feedback would
become parts of the projected new training. Details of this experiment
are given in another ARI report (Smith, Thompson, Evans, Osborne, Maxey
and Morey, 1980).

Tests of the Adequacy of the M16A1 Rifl.e

In the course of our research and observations we became concerned

about the accuracy of published information about the Ml6AI rifle (e.g.,

accuracy, trajectory) and about several training procedures using the
rifle. We needed to know more about what the rifle could do and what
problems there were with it. We wanted experimental evidence under con-

trolled conditions, not anecdotal opinions. We therefore set up a variety
of pilot tests which were performed with the cooperation and excellent
test facilities of the U.S. Army Mark:.manship Unit at Fort Benning. A
comprehensive ARI report of the findings of this diverse research effort
is available (Osborne, Morey and Smith, 1980).

13
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Sixty weapons were drawn at random from weapons pools at Fort Benning.
All 63 rifles were used for some testing but a smaller sample spanning
the best to the worst shooting quality was used for other tests, Several
findings are noteworthy.

1. The average Ml6Al rifle available to trainees is capable of
firing shot groups that easily fit within the four centimeter circle of
the 25 meter zeroing target (2.11 cm. bench rest average, 3.03 cm. shooter
avezage) and hence could be expected to hit all targets out to 300 meters.

2. The available serviceability checks will eliminate a malfunction-

ing rifle but will not detect a poorly shooting weapon. If a trainee is
shooting poorly it could be the fault of his weapon. Only a test firing
by a competent marksman can rule out the weapon as the problem.

3. Trigger pull ranged from 5.5 to 10.5 pounds (median 7.5 pounds).
This is a quite heavy trigger pull but with experienced shooters shot
group size didn't increase with greater pull weight. With inexnerienced
shooters there might be a problem with M16Al rifles having greater than
average trigger pulls.

4. Our tests confirmed that the MI6Al rifle trajectory on the average
is as shown in Figure 5 and that the 25 meter zeroing procedure results
in an acceptable 250 meter battle sight zero.

250M ZERO

2 8 25M 422M 75M 1DOM 150M 175M 200M 250M

0

* 300M

M 42MA

Figure 5. Trajectory of the M16Al rifle when zeroed for 250 meters.
Note that the bullet path crosses line of sight at 42 meters

and 250 meters and will strike 2.4 centimeters low on targets
placed at 25 meters.
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5. The barrel of the M16AI is easily distorted when using the hasty
slirg or the bipod compared with hand held firings. Use of the sling
causes bullets to strike very low while the bipod causes very high shots.
In fact at 300 meters the difference in bullet strike between these barrel
bend sources can be as much as two to four feet.

6. With the Ml6Al standard sights we found that failure to center
the top of the front sight in the rear sight aperture was not likely to
cause a hit error of greater than 6 inches at 300 meters.

Use of the Long Ran~ge Sight for 25 Meter Silhouette Firing

The long range sight on the Ml6Al rifle shifts the battle sight zero
of the weapon from 250 meters to 375 meters. In the process it moves the
trajectory upward so that the bullet crosses line of sight at almost
exactly 25 meters (see Figure 6). Thus, using the long range sight and
engaging targets at 25 meters we found that the shooter will hit almost
exactly where he is aiming. This led us to develop a 25 meter silhouette
target suitable for zeroing using a center of mass aiming technique (see
Figure 7). We also developed scaled silhouette targets for use at 25 meters
(with the long range sight) that portray field fire targets the trainee
will engage later in the BRM program (see Figure 8). The student can show
that he understands center of mass aiming and can learn to hit these scaled
targets as a transitional step before beginning field firing. Here he
receives feedback about exact location of either hits or misses., In field
firing against the popup killable targets far less feedback is given.
Hence, using the scaled silhouette targets persons with problems can be

identified and given remedial assistance before progressing to field firing.

LONG RANGE SIGHT

L-31/

Figure 6. Trajectory of the bullet when using the Ml6Al rifle long range
sight after zeroing for 250 meters with the regular sight. Note
that with the long range sight the bullet crosses line of sight
at almost exactly 25 meters. Therefore, for targets placed at
25 meters point of aim and point of impact coincide.
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Test of Candidate New Basic Rifle Marksmanship Programs

The most recent major experiment tested the moat promising combined

programs for basic marksmanship training that had emerged from our pre-iious
research. It too was conducted at Fort Jackson, South Carolina. Data
collection involved 1,151 male and female trainees from April through May
1979. Major fe-atures included were: the ARI zeroing target, scaled
silhouette tai, Žt transitional exercises, down-range feedback by walking
down range to examine targets and, ~n some cases, extra instructors. The
new programs also focused on the four fundamentals of firing (steady
position, proper sighting, breath control and correct trigger squeeze),
various means to diagnose shooters with problems, a lojiLal skill acquisi-
tion progression and every possible way to provide shooting performance
feedback.

We again used a baseline control consisting of students given the
standard marksmanship training. Three new programs were designed. All
three used the new zeroing target and silhouette target exercises. Varied
were number of instructors (standard vs. augmented staff) and use of the
downrange feedback exercise vs. use of additional silhouette firing at
25 meters.

The results of the experiment are covered iin detail elsewhere
(Thompson, Smith, Morey and Osborne, 1980). In general, the group receiv-
ing all improvements (an average of 26.5 record fire hits) outperformed
the control condition (20.5 hits) by 29 percent (Z2~.001). Those who missed
some training were poorer (usually by 3 to 4 hits) than those who were
present for all instruction (p<.00l). In this experiment, as in previous
ones, men scored higher than women (2ý.<001) by 1.8 to 2.6 hits depending
upon group assignment. The use of more instructors did not result in
significantly better performance. One reason for this result is that
some instructors are probably not properly qualified to instruct.

The experiment showed that we had found means to effect a substantial
increase in the record fire performance of trainees, even withi limited
program resources.

NEW ARMY RIFLE MARKSMAN SHIP PROGRAM

Based upon these experiments and several other pilot studies a n~ew
program of instruction has been developed, refined and tested with over
8,000 troops in initial entry training at the Infantry Training Brigade,
Fort Benning, Georgia. In June 1980 the Assistant Commandant of the
Infantry School (as propontent) approved the program for adoption Army wide.
The process of implementation is now under way.

20



Full details of the program are contained in another document (USAIS,
M16Al Rifle Marksmanship Training, 1980). In summary, however, the pro-
gram emphasizes five major points:

1. It stresses simplified fundamentals before moving en to field
firing exercises.

2. It contains several diagnostic check points so that early problem
detection and correction can occur.

3. It uses a natural progression from fundamentals through to rapid
engagement of targets in combat-like setting with each exercise serving
as a building block for Lhose that follow.

4. It places major emphasis on feedback so students are given as
much knowledge of their shootivg performance as present technology and
expense will permit. This is both fc the poor shootet who needs help in
correction of his mistakes and for the good shooter to help him sharpen
his skills.

5. Finally, the program is designed to aid the instructor to be a
more adequate teacher. As an aid to this process an instructor's guide
has been prepared and is currencly being field tested (USAIS, Basic Rifle
Marksmanship Instructor's Guide, 1980).

Table 5 shows the contents, hours and rounds of the new marksmanship
program contrasted with the current mark nship program (ASUBJSCD)o

UNRESOLVED MAT' S

It was stated earlier that the fundament i problems with current Army
marksmanship were: inadequate quantity and q ality of the instructor
corps, insufficient shooting performance fer Xack to correct mistakes or
sharpen skill, and inadequate time to practi - and acquire skill. Attempts
have been made in the development of the new marksmanship program to deal.
with these matters but most of the changes have had to be largely stop-gap.
Much more could be accomplished by addressing the following points.

Quantity and Quality of Instruction

g 4It will require policy decisions at the highest levels to correct
the problems with the instructor corps0  Even the new program in operation

at Fort Benning still has to be taught with ratios of student to instructor
on the firing line of 10 or 20 to 1, not because rhe problem is not recog-
nized but because additional personnel are not available0 Little instruc-
tion is possible under such circumstances. Marksmanship instructors are
not specialists and ar in fact, rarely given any special training before
assuming their instrucLional duties.

21
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Duration of Training Time

Conventional wisdom across the years has regarded a 90 hour marks-
manship training program as about right for acqu-Jring entry level skill,
This has permitted sufficient repetition of fundamental skills for origi--
nal learning and acceptable skill retention. In recent attempts to
conserve time and ammunition the Army has drastically reduced program
length. The new program reverses this trend, increasing from 37 to 57
hours, but still1 far short of the 90 hours of the past. Much of this
newly revised training is still episodic, meaning the student performs
an exercise one time and then moves on to something else. For example,
the downrange feedback exercise from the new program is done once not
because that is sufficient but rather because there is not time to repeat
it. Again, chis problem area will require high level policy decisions
to effect change. In all probability an examination of the entire basic
training program length would be involved.

Shooting Performance Feedback

Whether or not the training program length is adequate is partly a
matter of how efficiently the time can be utilized. One major effort in
developing the new program has been to make each period of instruction as
self teaching as possible so that the student, even in the absence of
instructors, can acquire the intended skill. Very important in this pro-

( cess is shooting performance skill. Many of the new exercises have much
more adequate feedback built in, particulavly the 25 meter activities
(i.e., ARI zeroing target, silhouette exercises).

There are two new equipment developments that hold great promise for
improved skill acquisition because they greatly aid in providing feedback
about shooting performance. One device is WEAPONEER, a training aid that
is already in use (see Figure 9). WEAPONEER simulates the Ml6Al rifle
in feel, noise,,recoil and trajectory. As currently used in the new
marksmanship training program, soldiers demonstrating difficulty are
brought in to "fire" shot groups on a WEAPONEER. The device provides
shot by shot feedback of hit or miss location and it even includes a video
playback trace of the firer's actual point of aim during the three seconds
just prior to trigger pull. It is thus an excellent diagnostic and
corrective device that can be used day or night back in garrison or near
a live fire range.

A live fire target device that suggests great promise for providing
4 downrange feedback is SUPER DART, a newly patented "projectile location

system" (see Figure 10). SUPER DART detects any supersonic projectile
passing the plane of the target (whether hit or miss) and provides precise
locational feedback to the firer by means of a video display unit. Used
in conjunction with a popup target the firer could be given detailed

23



Figure 9. The WEAPONEER,an indoor Ml6Al rifle training
device that simulates sound, recoil and trajectory
characteristics. It is used in the new program

for diagnosis and remediation of problem shootets.

24



Fiur 10 Th UPRDATpojcil octo ssem h

deecorba snss hesoc wveofth pssn

bult n acraey ltste oito/o

vido rispayunt whte th bule his1or

mise th tagt

.125



information about location of any misses but also about exact position of
hits° ýThe beginner could correct errors though he was "missing the target"

even by several feet. The more accomplished shooter could sharply refine
his target hit performance because the manufacturer claims resolution
capability for the device of one millimeter or less near the center of a
target.

What real promise this technology has for improved instruction can
only be speculated at this writing but it could possibly save considerably
in both hours and aammunition compared to the currenit field fire training
equipment which provides such limited and imprecise feedback that skill
acquisition is slow and incomplete.

SUPER DART needs to be tested to see if it is a cost and training
effective way to improve marksmanship. What is currently clear is that
simple hit vs. miss feedback provided by field fire targets such as the
M31AI mechanisms used in the current TRAINFIRE program or the Infantry
Remoted Target System (IRETS, the system being tested as a replacement for
TRAINVIRE) is inadequate, Aj long as marksmanship training equipment
replacements are being considered, SUPER DART or similar systems would
appear to be among the most promising candidates for live fire training.
They could result in considerable increments in field fire skill over what
is now possible. For the difficult area of training shooters to engage
moving targets the projectile location system has even greater promise.

I

NEXT STEPS IN ARI MARKSMANSHIP RESEARCH

With Lhi adoption of the new entry level marksmanship training pro-
gram the ARI and Litton Mellonics research team has now turned attention
to the study of advanced individual and unit level marksmanship. The
overall goal of this effort is to achieve an integrated set of programs
that train from basic to advanced skills, from individual to group tasks
and from skill acquisition to long term skill retention. The intent is
to identify, prioritize and then give training on all priority individual
and teum skills a rifleman needs in order to meet the various categories
of threat that could be expected in future confrontations.

Among the tasks likely to receive high priority attention in this
research are:

* Techniques of engagement of moving targets (an area greatly
enhanced by the new technologies for locating misses as well as hits, eog.,

SUPER DART and WEAPONEER);

e Use of the rifle in a nuclear, biological and chemical (NBC)

environment;

26
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9 Techniques of night firing;

*Utilization of the automatic mode of fire .-ind techniques for its
use when appropriate;

e Offensive vs. defensive firing (e~g., assaul.t firing techniques,
other firing positions);

o Use of tlue rifle in military operations in urban terrain (MOUT);

e Squad techni~ques of fire (e.g., fire control and distribution).

At the beginning of this research project the purpose was to develop
cost and training effective alternatives to the then standard training
program. Because of the serious training and final performance deficien-
cies discovered, the goal now is to try to make the corrections and policy
changes necessary to return the American rifleman to his former stature
as the finest in the world.
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