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A STUDY OF FACTORS IN MARKSMANSHIP

Abstract

This study is an attempt to desceribe as accurately as possible what
occurs in terms of patterns of respiration, stock pressure, and
aiming time when & group of poor marksmen and a group of good
marksmen fire a Service rifle with a No., 1 tube from a prone
position on an indoor miniature range, In addition, some data on
the possible influence of the firer's position, vision and shooting
exXperience are also discussed, N

The basic argument of the research runs as follows, If the principal
factors under consideration here are important in marksmenship, then
it should be possible to demonstrate their importance by one or all
of the following procedures:

(a) By comparing good marksmen with poor marksmen in terms
of the factors studied,

(b) By comparing the patterns of breathing, stock pressure
. and aiming time which obtain for the dead-on-the-~bull

and in~the-bullseye shots fired by the Good Marksman
Group with: shots falling in the same areas fired by
the Poor Marksman Group; and shots whiech fall outside
the bull in various designated areses of the target fired
by both the Good Marksman Group and the Poor Marksmsn
Group.

(¢) By comparing one with the other, the patterns of

, breathing, stock pressure and aiming time which
obtain for shots fired by the Good Marksman Group
and the Poor Marksman Group falling in areas other
than the bullseye,

All the subjects used in the study were wolunteers from two groups
of university students, Group I consisted of 44 members of the
Ce0.TeCsy U.N,ToDe and R.C.A.F, Flight at the University of British
Columbia, Group II consisted of 64 university students not .
belonging to the above mentioned groups, Complete and detailed
analyses were made of 19 subjects in Group I and 21 subjects in
Group II, The manner in which these subjects were chosen for
detailed study is discussed in the text of the report,

The main equipment used in this study consisted of:

(a) A lee Enfield rifle with a No, 1 tube, so equipped as
to permit the measurement of stock pressure and aiming
time,

(b) A "General Radio" recording camera which permitted e
continuous record of the changes in respiratory, pressure
and aiming time patterns as the subject fired,



(¢) A pneumograph and a sphygmomanometer to measure the
respiratory changes,

Some of the principal results of this study may be summarized as
follows:

1, The respiratory trends associated with the bullseye
shots fired by the Good Marksmen Group are distinct
from any other group, especially with regard to the
"follow through" after firing,

2, Those shots falling high on the target fired by
either group appear to be associated with a character-
istic respirsatory trend, especially immediately after
the firepoint, ‘

3. The low shots in the major terget areas by the Poor
Marksmen resemble each other in respiratory trends.

4, Exhaling before firing; breathing immediately after
firing; and the shortest aiming time of all shots,
seem to be the characteristic trends associated with
off-target shots, *

5. The low shots fired by the Good Marksmen are associated
with breathing after the firspoint and an aiming time
which is longer then the bullseye shots for the same
group,

6. The "vice-like" grip recormended by the training manuals
is not observed when firing a Service rifle with a .22
bore. '

7. Neitber shots fired by the Good Marksmen, nor shots fired
by the Poor Marksmen, whether they be good or poor, can
be accounted for in terms of either the amount of pressure
exerted at the firepoint or to any changes in the amount
of pressure exerted immediately before or after firing,

8, Whether a shot.falls in the bullseye, off the target, or
in any of the other specified areas of the target, would
not appear to be significantly dependent upon whether or
not stock pressure is associated with it,

9. There is some indieation that for most individuals, the
recommended firing position is the most stable one and
as such, is an aid in good shooting,



The concluding sections of the report are concerned with a summary
description of the trends associated with shots falling in the
bullseye area and shots falling off the target in terms of all the
factors studied. In this section there is also included a discussion
of the values and limitations of the miniature range as a technique
for training marksmen., In this connection, it is noted that this
study is in agreement with an earlier study carried out by the Army
‘Operational Research Group. A discussion of the possible values

and some limitations of the study together with suggestions for
further research, complete the report.
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CHAPTER 1

INTRODUCTION

Oiigih‘df‘the>8fudj

In 1949, the Ammy Operational Research

Group carried out an investigation into the teaching of weapons
training (19), It was this report that served as a point of departure
for the present study. Therefors, the principal findings of this
original report that have relevance for the present research wili.be
discussed in some detail in the following pagés.

| The research reported here was begun by
Dr. T.W. Cook at the University of Saskatchewan in 1949, However, in
August of the same year, the rifle and other equipment used in this
study were transferred to the University of British Columbia where
modifications were made both in the equipment and the original
experimental design, and where the réaearch was completed under the

supervision of Professor E.S.W. Belyea of the Department of Philosophy
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and Psychology at the University of British Columbia,

This study 1s an attempt to describe
as accurately as possible what occurs in terms of patterms of
respiration, stock pressure, and aiming time when a group of poor
merksmen and & group of good marksmen fire a service rifle (with a
no. 1 tube) from a prone position on an indoor miniature raxlge. In
addition, some data on the possible influences of the firer's
position, vision and shooting experience are also discussed;

As will be seen shortly, some studies
of marksmanship have been concerned with the prob‘lem of whether or
not the skills required are innate or acquired. This study makes
no attempt to answer this problem, In a sense thén, this study is
primarily descriptive rather than explanatory since neither the

materials used nor the data obtained justify an attempt to differen-

tiate between either psychological or physiological factors which
may be prerequisite to good shooting. Briefly, this study is
concerned with de_scribing the manner by which some subjects succeed
in a specialized activity demanded by the situation, and with

deseribing the’ manner by which some subjects are unable to do so,

Pi'évidﬁé‘ Studies of the Factors in Marksmanship
' Traditionally, the Armed Services
emphasize five factors as being of utmost importance in marksman-
ship (12, 21, 23):
. A (a) Breathing

(b) Aiming
(¢) Holding the rifle
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(d) Trigger control
(e) Position

Triggef control is considered by‘tréining menuals to be the most
importent factor. "Coordination"™ of the five factors is also
stressed as being eésential to bécoming an expert marksman,

A review of the literature on this

subject reveals comparatively few studies pertinent to this

investigation. The pertinent studies can be considered under the

following headings:

() Psychomotor studies
(b) Studies of eye dominance

One study in this area reported in

the journals is the one where Gates (9) in 1918 attempted to study:
in the laboratory the abilities of aﬁ éxpert marksman, He compared

the performance of an expert marksman with that of ten students on -
various psychomotor tasks, such as the steadiness test and a rate

of tapping test. From this study he concluded:

(a) Muscular steadiness of body members
. was important but not absolutely
essential,
(b) Muscular control of the fingers in
. manipulating the trigger played a
rols.
(¢) The expert marksman showed no
indication of exeeptional vision,
(d) To select marksmen, tests of native,
- not acequired ability were needed,

Gates did not use a rifle in this study. He justified this exclusion
by stating that in actual shooting, experience plays toc large a role

and he hoped to msaéure innate rather than acquired abilities,
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Seashore and Adams (14) investigated
the relationship between measurements of steadineés énd marksmanship,

The various measures they used were the Miles ataxiameter, the Beal
and Hall ataxiaéraph, the Seashore modification of Whipple's
Steadiness Test and Adam's modification of Gates! Rifle Steadiness

Test, These various tests were administered as a battery to an
"unselected" group of fifty subjects. The results from this group's

performance'on the various tests were intercorrelated. These intei‘-

correlations ranged from .44 to .59, the median being .48. Seashore
and Adams interpreted these results to mean that a "genergl steadiness"
factor was present and a common factor running tnroﬁgh the wvarious
tests,

The same tests were then>given to six

members of the University Rifle Team. Their performance on the tests

was compared to those of the unselected group. The results showed that
the rifle team exceeded the subjects in the unselected group on the
battery, However, one rifleman did nmot do so. In addition, it was
found on the individual tests that the riflemen ﬁlaced consistently at

_ the 8th, 9th end 10th deciles of the unselected group, Seashore end
Adams state that the ranks of the riflemen ;coincided almost perfectly
with their ranks in actual inter-eollegiatehcompetition.“

Spaeth and Dunhem (17) repérfta :tudy
in which they tested 72 U.S. Army marksmen on a éteé&iness/t::t was
Dunlap's modification of the Whipple Stgadiness Test. Their

subjects were classified from "expert" to "unq.uzatlified."l Their

results show that a rank order>coeffiéientnof correlation of
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.él ; 11 was found between performance on the steadiness test and
scores obtained on the targets. In their interpretation of their
results they suggest that the results may indicate that practice on
the range improves éteadiness or that steadiness is -a factor under-
lying development of skill in rifle shooting.

| Belton, Blair and Humphreys (4) used
the same battery of tests as Seashore and AdamsA(l4) and foﬁnd that
practice over a ten day period produced improvament in muscular
steadiness, However, when this 1mprovement was compared with the
entire range of individual differences of their 50 subjects, the
average improvement in steadiness was very small (.4 standard
deviations), They concluded from their results tﬁat since a training
periqd ten~timés &3 long as that used in testing produced so little
improvement in the subjects! performance, it seems douﬁtful that
transfer in training from.rifle shooting could explain the superior
steadiness of riflemen on the tests,

_Enmphreyé, Buxton and Taylor (11)
extended the work of Seashore and Adems (14) and Spéeth and -
4Dunham (17) vecause "these suggestions of a"ganeral factor?t
underlying:developmeﬁt of skills," if verifiéd, would have Both
theoretical and practical value. \They used:

(a) Miles' etaxiameter as a measure

. . of postural steadiness,

(b) Seashore's modification of Whlpple's
steadiness test as a.measure of both

"stationary" and "thrusting"
steadiness, . . "
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_(6) A rifie steadiness test,
Their subjects consisted of:

(a) The National Chempionship five man
- rifle team of the University of
Oregon.
(b) Eleven other men ranking next to
the above. :
(c) Thirteen third year military students,
(d) Fourteen first year military students,

The results of the various tests are reported as follows:

(a) R = .77 between marksmanship and four
. tests of steadiness and r = ,72
between rifle steadiness and marks-
manship.

(v) "The results corroborate those
obtained by Spaeth and Dunham, i.e.
marksmanship can be predicted to a
considerable extent at least from
steadiness,." _ , }

(¢) "In this group of marksmen, experience

. is also as prognostic as rifle steadi-
ness, probably because of the
association between the latter and
experience, whatever the underlying
reasons may be,"

They conclude:

(a) A go0d rifleman becomes such because

. . of practice.

(b) On the whole, people with good capacity

) for merksmenship like to shoot and tend
to specislize in it,

(c) Whether muscular steadiness is a result
. of training or a basie capacity for
neuro-muscular coordination cannot be

inferred from their data.

Serebrennikov (15) reports that be found
a positive correlation between motor develoﬁmeﬁt and the rank order in
shooting as estimated by commanders.

It will be noted from the above studies
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that there has been a preoccupation with the search for possible
innate capacities in marksmanship and that in this regard, the
studies have been inconclusive, In addition, it would appear that -
much of the apparatus used in the studies is somewhat ‘removed from
the activity that it attempts to prediet. -As a result, the
empirical validity of the measures may be questioned. As pointed
out by Super (18) the trend in the use of psychomotor measures in
the predictioﬁ of various other performances is to have the apparatus
used resembls the task to be predicted as closely as possibie. Also,
because of the small groups used, especially the skilled groups, it
is not surprising that inconclusive results were obtained. ‘Finally;
no attempt was made to relate specific performsnce to specific_target
results,

Studies of the Relationship of Eye Dominance to Markamenship:

Banister (1) reports en investigation in
which he studied the effect of the domin;nt eye on the shooting
ability of 1,000 British infentrymen, His results show that the
dominant eye is an important factor affécting_apility with the rifle,
It appears that the man with the right eye dominent has a considerable
advantage (all things being equal) over the other men when required
to shoot ffom the right shoulder.'

In the same article Banister reports an
inguiry in which he claims to.have demonstrated that visual acuity
did not correlate with ability to shoot with a rifle, since many of

the best shots (Cambridge University Rifle Association) had very
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defective sight. He says, "It is obviously necessary that the
would~be marksman be able to see his target distinctly, but apart
from particular atmospheric conditions, it ia of no consequence
whether for this purpose he uses naked eye or wears spectacles,"

In Banisterts studies, a number ofA
tests were tried out on various groups of men of different degrees
of ability as rifle shots, and eventually three tests, which promised
to be diagnostic of shooting ability were selected. These tests
were designed: |

(a) To test consistency in pointing with

. the right hand at various targets
when not seen (2), '

(b) To test ability to press a trigger

. without jerking or rotating the
hand (3)0 , .

(c) To determine the dominant eye,

, éaﬁister states that "Little need be
said of these tests (tests (a) and (b) above) fbr,ithough the
abilities they tapped appeaied to bé diagnoséic, their importance
was comparatively small as compared with that of the dominant eye."
He notes that the dominant eye by no means always is the one with -
the higher acuity and is not necessarily the same as the dominant
hand, However, he mekes the point that there is considerable agreement
between "handedness" and "eyedness,"

Iinall}, Banister suggests some general
factors that may affect results:

(a) Emotional reactions,

(b) Differences in the length of service.

(¢) Lack of uniformity of incentives,

(d) Poor vision due to uncorrected
. refractive errors,
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The ability to shoot well, he concludes, appears to lead to the
development of a higher degree of "soldierliness" as"defined in his
study. ” ~

Dreke (6) reports a study designed to
discover whether rifle marksmanship can be.determined prior to
training., His sample consisted of the "best," "éverage" and
"poorest" marksmen in an R.0.T.C. U’nite~ The'ﬁe;sures‘uéed by him
were as follows:

(a) Two forms of a paper and pencil test

. . of visual perception,

(b) The telsbinocular test,

(¢) A test of touch, .

(d) A test of muscle perception,

(e) An eye-hend coordination test,

(f) A visual acuity test, '
He found that the error score on one form of the visual perception
test correlated =.60 with marksmasnship, that acuity of aiming eye
correlated .40 with marksmanship, and that the tactual perception
test correlated -,30 with marksmanship. The other tests, he concludes,
gave no significant results, |

Lebensohn (13) suggests that ocular
dominance plays a subordinate role in mﬁrksmanship and that both eyes
be used in aiming., Simpson and Sommer (16) used 190 English students
who pfaeticed rifle shooting, They tested the students'_eyes with
regard to lateral and vertical imbslance, visual efficiépcy, eye
coordination and distance fusion. They found that the correlations

between marksmanship and the varioué visual tests were negligible,

and concluded that it did not matter if the preferred eye was used or

w
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not. ‘

Binall&, Crider (5) studied two
companies of untrained Naval recruits and latérA856 men's marks-
manship scores in relation to eye dominance. He found %hat those
men who were purely sinistral maede the worst séores_apd that those
men who were purely dextral made the best. Incidentally, he pgtgs
that there is a need for a reliable and valid battery of tests for
eye dominance, |

or intereét in the foregoing summary
Sf the eye dominance are the contradictory conclusions arrived at =
by the various investigations., It is suggested_ﬁereAthat_pephgpg
some of these inconsistencies are due to the inadequacies of present
tests of eye dominance as suggested by Crider (5). Also, it should
.be noted the relatively subordinate role given’toAFt;igger controlh
as being disdgnostic of marksmanship in Banister's”;tud;es_(l)u__,,i”
quite the opposite of the importance of it as séressed by_ihé S
service manuals (12, 21, 23);

Contributions of-the Varioué'Tfaiﬁihg;Mhhﬁals to the Theory of Shédtihg;

Since respiration and stock pressure
are the two major factors in marksmanship dealt with in the study,
it is with regard to these factors that the Navy and Army training
manuals will be reviewed espeéially.

Respiration:
The official Canadian Afmy handbook
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“Shoot to Iive" (12) states that "breathing is . . . . essential
fo good shootiﬁg. It has been esi.:imated the 95 percent of
Canadien Army riflemen 4o not breathe properly while using their

rifles, and as a consequence, their scores are not as good as

they are capable of producing." The statement suggests two things:
first of all, that reSpiration-is an important factor in marksman-
ship and secondly, that the optimal breathing petterns necessary
to good marksmanship are known,

This breathing pattern is generally
stated as follows: "Correct breathing resolves itself into relaxed,
normal breathing, iﬁterrupted,by a heavy, normal sigh just before
firing. This sigh is naturally followed by a pause in breathing --
a brief period when you virtually do not breathe -- and it is during
that pause that your rifle is steadiest, thus giving you the
opportunity to squeeze the trigger." It is "During the short
period of aiming and firing the shoé (that) i:he firer will have to
stop breathing.," (12) Just how long this éiming time should be is
not clearly stated in the maxluals. HBowever, because of the
importance of this period in later discussions, an attempt will be
made to state the case as clearly as possible,

In "Shoot to Live" (12) Johnson states
"The musketry class cen leam’préper breathing‘by _hélc‘iing the breath
for periods of 30 seconds.” Iater (p 76) he states "To fit the
sigh into marksmenship, thé récruit only'has to momeﬁtari_ly_ stop

breathing, immediately after he has given the sigh and to pause
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long enough to squeeze the trigger . « « « If the recruit holds
his breath longer than 20 seconds, stop him.. e o o Bventually,
through practice, the recruit will be able to approximate the
expert's 10 seconds interval between the sigh and the squeeze
of the“trigger."
. The Infantry Training Vol, 1 Pamphlet

3 (20) states "The general tendency in the recruit is for him %o |
hold his breath for far too long a pericd, a fault that causes much
strain and unsteadiness; this tendency must be checked instantly."

The Royal Naval Handbook (21) mekes
no specific reference to this point and so cannot be discussed.

The foregoing quotations appear to

state the position of the training manuals adequately., Two points

only need to be summarized for future reference:
(a) The emphasis upon a sigh just before
. . ®iring.
(b) Thé manuals recommend holding the
. breath during the period of aiming
end firing. This period is 10
seconds for the expert,

According to Rifle 1946 (Provisional)

the "right hand must be the master hand for every shoé_fired. It'
must grip the small of the butt so firmly that no extra pressure
can be applied. This vice-like grip, which plays the most important
part in obtaining absolute steadiness, should be well forward; +this
will allow the forefinger . . « « to be around the trigger with the

bony part (between the first and second joints) actually on the trigger.
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At the same time, the right hand must pull back the rifle very
firmly into the shoulder, Whenever the butt 1s brought into the
shoulder, the forefinger must take the first pressure on the
trigger.," The main function of the left hand is to act as a
support for the forward end of the rifle., This is essentially the
same instruction emphasized in "“Shoot to Live" and the Infantry
Training Pamphlet No. 3 Vol. I,

The main point to be noted here is
the emphesis upon a "vice-likse" grip upon the butt stock,

' Finally, a summary will be given of

the main procedures for firiné a shot as recommended in the various
menuals (12, 20, 23):

(a) The rifleman must concentrate upon

. . each shot, S

(b) The time for a deliberate shot should

. . not be mors than 5 seconds from the
moment correct holding starts, _

(¢) Just before accurate aim is taken,

. . breathing should be restrained.

(d) "The hold and aim must at least be

.. maintained until the bullet has left
the barrel,"

The Use of the .22 Rifle on the Miniature Range for Training in

Merksmenship

Since the present study was carried out
on a miniature range, it is considered advisable to discuss briefly
what the service manuals and other sources have to say concerning the

values and limitations of such ranges as training grounds:

1. Values of the miniature range: (The following values
are taken from the Infantry Training Pemphlet Vol. I
No. 3.) :
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(a) It is valuable for the earlier stages of training
. as well as later practice,

(b) For the recruit, its advantages are:

(i) lack of noise; negligible kick from the

_ rifle helps prevent gun shyness, ,
(i1) Promotes keenness by introducing competition.
(111) Allows him to apply lessons learned and to
. . prepare for the open range.

From the Small Arms Training Vol., I

Pamphlet No. 18 (22) the foilowing statement concerning the value

of the miniature'range is made: " Miniature ranges are most

sultable for the early rifle traiﬁing of the recruit where elementary
lessons in aiming, holding, trigger pressing and many of the main
factors which make for accurate shooting can be practised."

2. The limitations of the miniaturs range: (The following
limitations were noted in the ORG Report No. 8/49
(19, Appendix D))

(a) "The idea of leading the recruit through the

: .miniature and 30 yrds. range in order that the
shock of firing .303 will be less, is basically
wrong. In the great majority of cases the
recruit is lulled with a false sensse of security
when firing a .22 rifle, He does not hold it
firmly, He does not have to apply in practice
what he is taught."

(b) He is not firing his own rifle,

(¢) There is no kick or bang. The recruit therefore

. tekes-longer to get over his gun shyness when

teken on the open range. _ ,

(d) The lighting conditions are too artificial,

In concluding the brief discussion of
the background material to this present study, attention should be
called to some of the inconsistencies in the positions taken by

various investigators:

1, There appears to be one group of workers who emphasize
vision, especially ocular dominance, as being of prime



importance in marksmanship., Other investigators consider
ocular dominance of negligible importance, The training
meanuals do not consider the faetor of vision at all,

2. Muscular steadiness seems to be emphasized to a degree by
all the sources, but there is disagreement or at least
inconsistenciss in the various conclusiions as to whether
or not such steadiness improves with practice.

3. There are at least two diametrically opposed viesws as to
the values of the miniature range as a training device, -

The contributions that this study may
be able to make in resolving some of these inconsistencies must wait
until the concluding chapter wherein the attempt will be made to
relate the results obtained here to those results and recommendations

guoted in this introductory statement,
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CHAPTER II

SITUATION, EQUIFMENT, MATERIALS, AND SUBJECTS

The .22 indoor range at the University
of British Columbia was used for the study. This range is a 25
yerd miniature renge and is used by the €.0.T.C. and the University
Rifie Club for training purpoﬁes and competiﬁions. This particular
range permits three individuals to fire simultaneousiy from the
prone position,

‘ The lighting consisted of seven 200
watt lights shieided and directed toward the backstop; a shielded
lamp at the firing point; a light approximately half way dowﬁ the
range; and finally, a spectators! light shielded and approximately
12 feet back §f the firing point;

' The targets were fastened to a wooden

backstop behind wh;ch was a mefal stop butt,
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The rangs, though narrow, was
considered adequate for the purposes of this investigation since
only one subject fired at a time, The subject fired from a prone
position 25 yards: from the target.
The recording equipment for this
study was enclosed in a box which stood against the wall of the
rénge in a position 4 feet behind and to the right of the subject,
The experimenter sat at a table located approximately 12 feet behind
the subject, from which point he could record the shots as they were

fired and élso manage the recording apparatus,

The Equipment

Ve

The main equipment used in this study
end desceribed in detail in this section consisted of:
(2) A lee Enfield rifle with a No. 1 tube, so equiped
as to permit the measurement of stock pressure and
aiming time,
(b) A "General Radio" recording cemera which permitted
a continuous record of the changes in respiratory,
pressure and aiming time patterns as subject fired,

(c) A pneumograph and a sphygmomanometer to measure the
respiratory changes,

The entire recording apparatus was

- enclosed in a light-proof box. This box contained an instrument

panel and the 35 mm, "General Radio" recording camera. The dimensions
of this box were 34 x 2% x 2iv, The inside walls of the box were
painted a flat blacﬁ. vAlfhough)the top was removable for the

ad justment of the apparatus, the interior was light-proof, 0n one
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side of the box were outlet holes for a pneumograph tube, power

inteke and electric cable from the panel. The camera was controlled

by a switch on the side of the box. A shielded peephole at one end
of the box permitted the experimenter to adjust the setting of the

pneumograph needle. The base of the box consisted of a 4'9" x 5"> plank
on one end of which was fixed the instrument panel and on.tﬁe other
end, on a fixed mount, (3'9" or the focal distance away) was the
camera, V

The camera could be loaded with 100
feet of 35 mm, film, The lens setting was £ 1l with a focal distance
of 4 feet. This camera ran at the rate of 6 seconds to one inch of
film, Since it had no shutter, a continuous graphic record of the
subject?s respiration, pressure on the stock, time of firing, aiming
time, aé indicated on the panel, was obtained.

The panel, made of black plastic, was
163" x 18" 8o constructed as to permit the recording of respiration,

pressure on the stock, time of firing and aiming time. On the panel
was a dial on which the pneumograph needle moved up and down. This
dial was a 3" x 55" slot located 7/8" from the top of the panel and
appmximtel& 20 in from one side,. ~
( In line with th_e middle of the

respiration dial, but 1 9/16" below it, was situated the light which
indicated the firing time. One and 3/8" below this light was the row
of 1/8" holes (six in all) which indicated stock pressure,

‘ | 7 On the back of the panel, fastened in

a single row below the pneumograph tambour, were the seven % watt
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bulbs, The power for these lights was obtained via two 1} volt dry
cell batteries connected in series, The lead from each light ran
through a single cable to & switch located above the trigger on the
left hand side of t“.he rifle,

The respiration indicator rode on a
teambour which in turn was connected to the pneumograph by a length
of " thick wall rubber tubing, A sphymomanometer inserted in this
ru‘bsér tubing by a glass "T" permitted E to centre the pneumogreph
needle for each S, .

The respiration dial was marked off
in & series of parallel lines and lighted by two % volt lights
fastened to anvoblong of lucite behind the dial, This light was
diffused over the dial by means of a piece of opaque drafting cotton
fastened to the lucite,

The rifle used was a Lee Enfield v_with
a No, 1 tube permitting the firing of .22 cartridges; The weight of
the rifle was identical with the ,303 service rifle., The fore sight
vwas a blade sight and the rear sight was & ' peep sight, The butt
was what is temmed “nommal length," | R

Altﬁough the various pieces of
apparatus to be deseribed hereundex: were fastened to the rirfle, care
was taken so that they would not interfere with the weight or
balance of the rifle, (Fig. 7)

 One and 1/8" behind the trigger guard



=20~
in the butt stock was located the movable pad (2 5/8" x 1 1/4") used
to register stock préssure, The pad rested upén a flat 11 l/é'; spring
which lay in a groove down the length of the butt. The emount of
pressure needed to light the wvarious pressure lights on the panel wes
regulated ‘by a coiled spring enclosed in a threaded cap and situated
just forward of the pad. The pressure pad was in contact with a
leafed switch above the trigger, This switch was connected by an
electric cord to the panel lights,

Behind the bolt was a amall wheel on
a spring connected to the leafed switch, When the breach was open,
the bolt rested upon this wheel depressing it and breaking the
electric contact, When the rifle was fired, the wheel was raised
by a spring, thus closing thé circuit and lighting the firing light
on the panel,

E used a pair of X12 service
binoculars to see where each shot fell on the target,

The ‘Keystone No, 46 Visual Survey
Telebinocular was used to check the vision of each S,

The Meterials

Mimeographed sheets containing six
miniature targets were used by E, to record shots as they were fired,
Record forms for data on height, weight, age, training, awards, and
number of rounds fire previously were used for each S,

Keystone Visual Survey Tests Schooi



Survey Cumulative Record Form No. 3 was used to record the results
made in six visual tests éiven to each S,
The targets used were the No. 18
small target (4 ft,) 200/25 yds. generally used on Naval indoor .22
ranges. The émmnnifion used was Dominion .22 longe.
| A direction sheet that was read to
the S before he began to fire,

............ A

The Subjects

All the subjects used in the study
were volunteers from two groups of university studpnts. Group I
consisted of 44 members of the C,0,T.C., U.N.T.D, &nd R,C.A.F,
University Flight at the University of British Columbia. Thése_men
wore informed of the study by notices posted on. the bulletin boards
in the U,B.C, ammouries, Group II consisted of é4 university
students not belonging to the above mentioned groups. These men

volunteeraed after reading a notice which stressed that they need not
have had any shooting experience,

Thus, the total numbexr of subjects
used in the experiment was 108.' 0f this number, only 77 were used
in the varibus stages of the analisis as 31 subjects had to be
eliminated for the following reasons: |

(a) Failure to complete their tasks or failure to complete
. . all targets in the required time,
(v) giigﬁfown of the recording apparatus (earlier trials

(¢) Elimination of female subjects. (In the initial stages of
. the investigation, it was hoped that a number of female



subjects who had never fired a rifle might be used to
obtain a measure of the performance of completely
inexperienced shots, However, because of the weight of
the rifle, and because of the length of time required

to obtain their records, these subjects were eliminated.)

Complete and detailed analyses were
made of the shots of 19 subjects in Group I and 21 subjects in Group
II. The manner in which these subjects were chosen for detailed

study will be discussed in the sections to follow,



The Plan of the Research

The basic argument for the res.earch
ruﬁs as follows, |

;r the principal factors under
consideration herg, i.e. breathing pattern, stock pressure, aiming
time and position are 4important in marksmenship, then it should be
possible to demonstrate their importance either by one or all of the
following procedures:

(a) By comparing good marksmen with poor marksmen in terms

. of faetors studled,

(v) By comparing the patterns of breathing, stock pressure

. .- and aiming time which obtain for dead-on-th~bull and
in-the-bullseye shots fired by the Good Marksman Group
with: shots in the same area fired by the Poor Marksman
Group; and shots which fall outside the bull in various
designated areas of the target fired by both the Good
Merksman Group and the Poor Marksmen Group. ,

{¢) By comparing, one with the other, the patterns of

. - breathing, stock pressure and aiming time which obtain
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for shots fired by the Ebod Marksmen Group and the Poor
Marksmen Group falling in areas other than the bullseye,

The Procedure

While éach 8 fired ten shots on three
consecutive days using the speciaily equipped rifle, his responses in
terms of respiration, pressure exerted on the rifle, firing time to
each shot, length of time in aiming end prone pc_:sition taken while
firing were recorded under controlled conditions,

| The experimental pi'ocedure was as
follows:

1. The subjects reported to the range on the day assigned to

them, They were then read the following statement:
"This is a study of some of the factors in marksmanship,
All that you have to do is fire five rounds at each of two
targets on three days, preferably consecutive., You may
take any prone position you wish and fire at will in your
accustomed manner. The only requirement is that you take
up the same point of aim on the bull for each shot as
indicated on this diagram,

Do not. group your shots out of the bull area, This is not
a competition but I will be comparing the shots masde by the
C.0.T.Cs, UsN,T.D. and other groups, so I want you to do
your best," -

It was hoped to accomplish three things with this statement:



2.

3.
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(a) To give each S an idea of what the nature of the study
was without any specific mention of what was being sought,
It is true that the experienced ones would have some idea
of what was being measured, but this should only have the
effect of having them emphasize what they had already learned,

(b) It was importent for the study that each S teke up the

. . same point of aim for each shot, The E mentioned this
again from time to time to remind the S if he appeared to
be grouping his shots outside of the bull area, Results
to be discussed later indicate that the subjects fbllowed
this rule.

(c) It was hoped that the suggestion of comparison with other

. groups would motivate the subjects to do their best and
thet emphasizing that the study was not a contest would
avwid any undue tension on the part of the subjects, Such
tension, if present to a marked degree, would complicate
further the interpretation of the results,

The S was asked to assume his firing position on the mat,

The pneumograph was fastened about the S just below his
diaphregm. He wes told to exhale before the pneumograph _

was fastened. Preliminary trials indicated that this position
gave the largest sweep on the panel dial, '

The S was told to be still for a moment, not to touch the

rifle and to breathe normally. By means of the sphygmomanometer
the E centred the moving needle on the panel which indicated

the respiratory changes.

The S was instructed briefly concerning safety rules,
The target was placed in position by E.

The E returned to the spectatort!s table behind S and checked
the subject!s number, his position in the firing order for
the day and.the target number strip. These precautions were
rigidly adhered to so that the film strip might de accurately
identified later,

E switched on the recording apparatus and told S that he might
fire when he wished,

E watched with binoculars each shot fired, plotting its
position on the subject's miniature target before him,
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Notes were made by E of general movements, behavior and
position of S beside the miniature target.

When S finished each trial, he was told when to report agein,

As mentioned earlier, an attempt was made to have S come to
the range on three consecutive days. Although this was not
always possible, all subjects fired their required 30 rounds
within a week from starting or else they were eliminated from
the study. This precaution was taken to prevent S from
practicing between trials. It was hoped by this means to
minimize practice effects. '

The S was not told by B how his shots were falling or shown
his targets until he had completed the trials, This was to
avoid having S correct his aim and compensate in any other
manner for poor shots,

Finally, after all trials were completed, every subject's
vision was tested on the Keystone Telebinocular, Six tests
in all were used: .

(a) Simultaneous.fusion,

(b) Vertical imbalance,

(c) Lateral imbalance,

(d) PFusion, _

(e) Right eye usable vision,

(f) Left eye usable vision,

(A1l tests were at the far point,)

The Controls

The following controls were observed:

Gontrol of the Subjech:

(a) The S was told the general nature of the study,

(b) He was told precisely what performance was required.
. . In this manner, some control was maintained over the
ideational and motor set of each S,

(c) The motivational set of the S was ‘also controlled to
. & degree by the statement read to him,

(d) The height of each S was noted together with the ease

. with which he was able to reach the trigger. If the
S encountered difficulty firing with the normal butt,
there would be an additional variable to be taken into
account in the interpretation of the data,
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Control of the Situation:

Each trial was carried out in the same range under identical
lighting conditions. The firing mat was kept in the same _
position so that although each S might take up any prone position
he chose, he would always be the seme distance from the target
and always be in the same relative position with regard to the
targets The E always sat about 12 feet behind S, If another
subject was waiting, he sat still further back of E.and was not
allowed to talk to the S firing or to encourage or‘interfere with
him in any way. '

Apreratus Used to Control:

(a) The experimental variable, i.e, respiration, pressure on
stock, aiming time and firing time were all controlled by
apparatus in the following manner:

1. Respiratory changes by the pneumograph,

i1, Pressure on the stock by lights connected to the
pressure pad on the rifle, If the subject'Vs grip

. was strong, all 6 lights went on for the time that

grip was maintained and the various lights went on
and off as the S slackened or strengthened his
grip on the stock,

iii. : Rifle was zeroed by ROGOE.M.E.

iv. Aiming time and fire time by a light which Uit
when the rifle bolt was released by the trigger.

Ve Position was controlled partly by the position of
the firing mat and the directions as mentioned
earlier, together with notes and diagrams made
beside the miniature targets by E while S flred.

(b) Other variables controlled by apparatus and eqnipment:

i, Vision checked by the telebinocular, S
ii, Record sheet for the subject's age, height, weight,
previous rifle training and experisnce and number
’ of rounds fired,
iii, Each target was fastened in the identical position
- on the backstop for all subjects and all trials,

iv. Binoculars were used to record each shot's position
as fired,
Ve Every factor except position and past experience

permits the used of a quantitative scale that could
be used in comparing the performances of the various

subjects,
vi. Every factor except vision, past experience and

position was recorded on & continuous 35 mm. film
strip in graphic form by a shutterless camera,



vii.

Fipally, the selection of the sample assured that
there would be subjects who had received formal
training together with subjeets who had not, The
repetition of the task and the numbsr of shots. fired
assured to a large extent that E obtained represen-
tative samples of each subject's ability as a

marksman, in addition to allowing for chance errors

affecting particular shots,



CHAPTER IV

RESULTS AND DISCUSSION

The Iog;c of the Statistical Analysis

1,

2,

3.

The targets were scored in accordance with Dominion
Marksmanship standards. An average total score was

then obtained for all subjects, the maximum score possible
being 50,

A combined distribution of these average total scores was
then made, The groups wers combined at the beginning of
the analysis because although the sampling procedures
seamed to assure the fact that two groups (one service
trained, the other relatively untrained) were present,

the E could not be absolutely certain of this, Therefore,
the assumption was made that the two samples were from the
same population,.

The top and bottom quartiles were calculated, This gave

a group of good and a group of poor marksmen, the relative
skill of each group thus being accurately defined in terms
of obtained scores. The assumption here was that if the
factors studied did differentiate, then they would do so
between these groups. As it turned out, the lower qparter,
except for one individual, belonged to the group from the
general university population. However, the top quarter
contained three persons from the. general university population.
A study of their past experience records revealed that all
three had had Amy training, Now this could be taken inte



4.

5.

6e
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aceount, As stated earlier, the statistical procedure
permitted the defining of the groups quantitatively,

A lucite grid was mede so that the position of each shot
could be read from x=o0 y=o which represented a dead-on
bullseye in terms of a coordinats system.

The number of shots falling in all areas on the target

was then tallied. The results are shown in Figs. 1l and 2.
It will be noted from this that the question as to whether
or not each S was taking up the same point of aim is '_
answered., Fig., 1, representing the shots for the Good
Marksman Group speaks for itself, Fig. 2, representing the
shots for the Poor Marksmen Group also indicated that they
were trying for the bullseye each time, Although not all
shots are in the bullseye area, the shots are grouped in
concentric circles about it, with the areas having the
highest frequencies nearest the bull. If the subJects ‘had
not been trying for the bullseye, the grouping would be in
one of the quadrants.

All the film for these subjects was sorted, cut and read.
The film was read in the following manner:

(a) First, 10 x 10 graph paper was fastened to a glass
plate which was placed over a lighted box,

(b) Bach film strip was placed on the graph paper and read
. . Wwith a magnifying glass,

(¢) Beginning at the FP (fire point) and moving to the left,

_ points were read off the curve for every 1/10th" up to
4/10" and then every 3/10" for 4.8%, Next, beginning at
the FP and moving to the right, points on the curve were
read for every 1/10" for 2", Similarly, the amount of
pressure on the stock in terms of the number of six’
possible lights on at each of these points was also read
off and recorded on prepared forms (Appendix E),

(d) The length in inches between CF (aiming time) was
determined. By this procedure it was found that except
for extramely long strips, the entire breathing and
pressure record for each S for every shot could be
determined quantitatively. It should be mentioned here
that the respiration needlet!s movements were photographed
against a graph, the mid point of which was taken as 5
so that all respiration changes would be positive. The
pressure was recorded in terms of the number of 1ights on
at any given point from ome to six,
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(e) Since it was known that the camera's reels moved at
+6 seconds to 1/10", all linear measures were
transposed into time units, -

7« After all targets had been scored and all film was reed,
the next step in the analysis consisted in determining
whether there were any general respiration trends present,
Therefore, graphs were made of the respiration trends of
& selection of poor and good marksmen to see if, by
inspection, such trends could be distinguished, Although
this procedure did suggest some points, on the whole it
was unsatisfactory,

8e In so far as respiration was concerned, the S in any
particular interval had three choices. He could hold
his breath, he could inhale or he could exhale, Thus,
for every interval of the film, the number of subjects
either holding, inhaling or exhaling was tallied.

9. The percentage of total shots accompanied by held,'inhaled
or exhaled breath for each interval was determined. These
results were graphed and gave Fig. 3,

10, Now, although a general trend was shown in Fig. 3, it could
not be determined from this alone whether the general trend
was associated with good or poor shota,

11, It was therefore decided to divide all the shots for both
good and poor marksmen into a number of groups.

12, Once again, the number of shots associated with held, inhaled
or exhaled breath in each interval was tallied, but this time
all shots were grouped into their various areas on the target,

13, The X? technique was used to determine the chance occurrence
of themrrangement of shots in the respiratory position (held,
exhale and inhale) for each time interval, No X¢ value.in
this regard was considered significant if it was greater
than the ,05 level of probability. Most distributions were
at the .01 level of probability. In this manner then,
respiration curves representative of group trends in the
specified areas of the target were determined, The stability
of‘the whole curves could be determined by an adaption of
the X2 technique,

All of the other factors were treated

with statistical techniques adapted to their particular requirements,
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Consideration of'Resulté

Preliminary considerations

Fig. 4 shows a distribution of the
average total scores of 77 marksmen. Inspection of the distribution
shows that it is significantly skewed ﬁegatively (Sk/®sk = 8744)e
Statistically, this distribution 1s a real divergence from the ﬁormal
curve, i.,e., the skewness is not a result of chance fluctuetion,

This distribution corresponds then to what might be expected since it
represents the combined scores made by a group of trained and a group
of reletively untrained marksmen. That is, one would expect that
even in the case where the subjects were untrained, that factors
other than chance would determine the position of the shots.on

the target., This, and the presence of trained masrksmen, is

probably responsible for the skewness,

Later considerations demonstrate
this first assumption to be the case, For example, on the basis
of a single factor (respiration) it appéars that groups of
shots falling in sPécified areaé of the target are associated
with certain characteristic respiratory trends, even in the
case of untrained individuals., Therefore, if each S was trying
to hit the bullseye, and there is evidence that he was, then
the problem is to determine why, in some cases, he did not do

80,
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FIG.4. Histogram representing the average tetal scores of 77 marksmen,
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If the assumption that factors other
than chance factors were responéible for the clustering of scores
in the upper range of the distribution is accepted then, it is
Juséifiable to investigate reasons for this in terms of the factors
studied to see if they operate togetber to determine the scores
obtained,

As stated earlier, the upper and
lower quarters of this combined group were taken as defining the
Good Marksmen Group énd the Poor Marksman Group respectively, In
averags total scores, then, Group I‘(the good marksmen) is_gqmpdsed,
of subjects who had an average total score of 48,8 or éreater,
Group II (the poor marksmen) consisted of all those individuals who
had an avérage score of 45.i and below, The median score for the
combined group is 47,

Table I shows the composition df
Group I, Here, the 19 individuals composing the group are arrangsd
in ordér of merit with regard to average scores and the table
includes material concerning each S with regard to past experience
and vision. The infommetion, except for the vision tests, was
obtained by qﬁestionnaire. As will be noted, some of the informetion
with regard to age and height was omitted by the subjects., In the
later group, this defect was remedied by obtaining the information
at the time of firing,

The reason the height of the S was

taken into consideration was to have some check on the adequécy of



THE COMPOSTTION OF THE GOOD- MARKSMAN GROUP -

TABLE I

length Approx. Aiming ZXeystone Vision Tests

Mean Kind of of ° = Handed- Owns Rounds Eye ; ) o S o
S Score Training Training Awards ness Rifle Fired Favored 1 2 3 4 5 6 Age Ht,
1 49.9 COTG ? Yes R No 10000 R N N N N 96% 927 ? 5110%x
2 49,8 Cadet T yrs. Yes L 22 % L N N N N 1059 20 5161
3 49,8 COTC 7 Yes R No 2100 R N N N N 1lo2 98 % SR
4 49,8 COTC ? Nil R No ? R N N N N 105105 ? e
5 49,7 Ceadet 7 Yes R No 300 R N N N N 105 105 19 6t
6 49.7 COTC ? Nil R 22 2000 R N N N N 102103 22 5180
7 49.7 Cadet 5 yrs. Yes R No ? R N N N N 105 105 T T .
8 . 49.7 Amy 5yrse Nil R No ? R N o R e ¢ o r d
9 49,5 COTC 'y Nil R No 7 R N N N N 105 103 22 511"
10 49.5 Army 2 yrs. Nil R No 1000+ R N N N N 105105 18 612" .
11 49,5 Cadet 5 yrs, Nil R No T - R N N ¥ N 165 105 19 s5tion
12 49,3 COTC T Nil R No ? R N N N N 105103 20 5r1ov
13 49.2 COTC 4mos, Nil R No  30% R N N N N 103 103 22 5180
14 49,2 COTC 4 mos, Nil R 22 250 R N N N N 105 105 21 6t
15 49.1 Cadet 4 yrs. Nil R No 1000% R N N N N 102 102 7 T x
16 49.0 Army Perm, Yes R Yo 5000 R N N N N 98 103 ? %
17 49.0 COTC ? Fil R No ? R N o R e ¢ o r d
18 48,8 Amy  5yrs. Yes R No % R N N N N 10565 = % 516"
19 48,8 Cadet 5 yrs Yes R No 30004 R N N N N 102 103 21 6 .

x - wore glesses while firing
For meaning of vision tests see Appendix D,
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the butt length of the rifle which was N (normal.,) Since none of
these subjects complained about this and since eac;h was an
experienced shot, it 1s safe to assume that the probability is that
the butt length was adequate. This is an important point to be
established for if the butt were too long or too short it might
interfere with trigger control,

The table shows that all subjects in
this group were members of the C.0,T.C., Cadets or the Army. Thus,
undoubtedly all had had some formal rifle training. In additién',
it will be noted that some of these subjects had eaméd various
awards for markeamasnship.

When the eye favored by each S for
aiming is taken into account, the vision appears adequate. On this
point, however, the E was not entirely satisfied with the instrument
(Keystone Visual Survey) used. He did not think that the data
6bta1ned warranted any s;.nalysis ‘beyond inspection, although it was
felt that despite these inadequacies, some check upon the subjectts
vision was obtained. —

Table No, 2 shows the composition of
Group II. Here again the 21 squects are arranged in order of merit
with regard to average scores, In this group, the information is
more complete, It is more certain for instance, that the butt lemngth
was adequate. It will be noted that with the exception of four men,
the subjects had no formal training, The reasons for not eliminating

these four subjects from the group and thus ostensibly obtaining an



TABLE II

| THE' GOMPOSITION OF THE POOR MARKSMAN GROUP

, —-Length ‘ ‘ Approx. Aiming Keystone Vision Tests

Mean Xind of of . Handed- Owns FRounds Eye @ . e
S Secore Tralnlng Tralning Awards ness Rifle Fired Favored 1 2 3 4 5 6 Age Ht,
1 45,1 Nil N.A, No L No  Nil R N N N N 507 5071 30 6t
2 45,0 COTC ? No R No 200 R n o R e T d.
3 45,0 Nil N.A. No L No Nil L N N N N 105 105 22 67
4 44,7 Nil N.A. No L «22 500 L N N N N 105 105 19 6!
5 44,5 Nil N.A, No R No Nil R N N N N 103103 19 518v
6 44.3 Nil N.A, No R 22 500 R N N N N 92 102 19 5y
7 44,3 Cadet ?  No R No 500 R N N N N 105105 19 6t .
8 44.1 Wil N.A, . No R No Nil R N N N N 105105 23 51 x
9 43.7 Nil N.A, No R 022 300 R N N N N 105 103 21 6 .
10 43.7 Nil N.A. No R No Nil R N N N N 105103 20 5111v
11 43,5 Wil N.A, No R No Wil R N N N N 65 98 26 6 .
12 41,7 Wil N.A, No R Yo Nil R N N N N 102 100 20 518"
13 41,5 Cadet 2 yrs. No R No 500 R N N N N 105 100 20 5110"
14 41.3 Nil1 N.A, No R No Nil R N N N K 5 84 19 518" x
15 40.8 Ceadet ? No R No 200 R N N N N 84 98 25 51
16 40.0 Nil N.A. No R No Nil R N N N N 105103 19 51
17 39.7 Cadet 2 yrs. No R «22 1000 R N N N N 105 96 22 51
18 38.5 Nil N.A. No R +22 500 R N o R e wcord 20 5111w
19 38.0 Nil N.A, No R «22 100 ‘R N N N N 98 103 20 518"
20 26,8 RAF ¢  No L .22 200 L N N N N 92 8 24 612"
21 16,1 Nil N.A, No R No Nil R N N N N 105 96 29 516"
x - wore glasses while firing

N.A. = not applicable
Br meaning of vision tests see Appendix D,



untrained group should be considered. There were several reasons
for this:

(@) This group represented statistically the lowest

- . quarter of the distribution of average total scores
by all subjects., It was therefore felt that for the
analysis to be logically and statistieally consistent,
all subjects falling in this quarter should be
considered, ’

(b) The fact that the other subjects in the group claimed

. %o have had no treining d4id not mean that such was the
case, In other words, the E wanted as far as possible
to avoid maeking any unwarranted gemeralizations based
upon a supposed completely untrained group.

(¢) As rather complete records were kept of each subject's
performance, any possible deviations from the group .
could be noted later if necessary. In other words, if
the factors considered were responsible for the ‘
scattering of the shots, then they would be in operation
throughout this group,

It will be noted that according to the
vision tests, S-1 has low usablé vision at the far point which may
account partly for his poor shooting, especially since his is the
highest average total score in the group. When the eye favored in
aiming is taken into account for each subjedt, it would appear that
according to the vision tests given, the groups vision was adequste
for the task, An interesting point here is that seven of this
relatively untrained group owned their own rifles compared with the
trained group's total of three, This is another point in favor of

.retaining the four subjects mentiéned earlier, because of the fact
that some in the group own rifles suggestsconsiderable experience in

shooting, even though it would indicate that the subjects had had

perhaps, no formal training, -
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Figures 1 and 2 show the scatter of
shots on the target for Groups-I and II, respectively. It can be
seen that the shots of Group I are concentrated for the ﬁost_part
in the bullssye, Even those shots outside of that area are gathered
relatively near to the bullseye. be this group, it is evident that
the subjects who composed it were faking up the same point of aim
as directed fro each shot, Figure 2 shows the scatter of shots for
the Poor Marksmen (Group II)‘and reveals a much greater scattering
of the shots fired; In»thié Group, 24 of the shots missed the target
altogether, waever,‘inspection of the chart shows that despite the
wide scatter, the areas having the highest frequency of shots are
nearest the bullseye and that all the shots are arranged in a
circular fashion about the centre of the target. It seems reasonable
to assume therefore, that though they were not alwéys successful,
the Poor Marksmen were making the effort to aim at the bullqeye for
each of their shots,
Figure 3 shows the respiration trends
for the Good and Poor Marksmen; As mentioned earlier,_the respiration
data were analysed in terms of whether the S held his breath, inhaled
or exhaled during each of the time intervals for 16;8 seconds prior
to Piring and 4.8 seconds after firing, This graph then represents
the percentage of the total shots aseociaﬁed with the three respiratory
categories for each interval, Ideally, each S shouid have had a
record for a total of 30 shots, However, in some cases the film did

not turn out well enough to be uséd. In others, especially the
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Service groups, the E was unable to get the desired six targets
from each S. Yet, most‘ of the group did fire the required thirty
rounds, but some did not., Most 'ef the latter were Good Marksmen,
As large a sample as possible was needed, therefore those subjects
who had fired a minimum of 20 or more rounds wers considered in the
analysis, It should be repeated that most did fire 30 rouhds.

' The graph shows that in both Groups,

as the firing point is approached, there is an increasing percentage
of shots. being associated with held breath, In the interval after
firing there. is a marked deerease in the number of shots associated
with held breath,

In the area indicated by shading, the
eritical ratios between the groups of shots of Poor Marksmen and
Good Marksmen range from 3 to 10,2 and it is interesting to note that
between 9.é seconds before the firing ‘point to a minimum of 3.6 seconds
after the FP there is. a significant difference between the Groups with
regard to‘ fhe percentage of shots associated with held breath. Yet, it
appears that just before firing, most Poor Marksment's as. well as Good
Marksmen's shots were associated with .this dominant'réspiratory trend,
‘ Yot this graph omits a great deal, Fér
instance, from it.alone, it is impossible to determine whether or nof;
this trend towards an increasing percentage of shots $0 be accompanied
by held breath is associated with the best shots or the poorest shois

in the groups. And again, it is impossible to determine whether the



-44m
rapld decrease in the percentags 0of shots accompanied by held breath
after the.fire point is associated only with the poorest or with the
best shots in the group. It was necessary, therefore, to divide the
shots for both the Poor Mai'ksmen and the Good Marksmen according to
where they fell on the target.

The target areas for which curves were
‘determined for each group were.as follows:

l, Those shots which were dead-on the bullseye, That is,
' where x=0, ywo for Group I (Good Marksmen) and Group II
(Poor Marksmen), These curves were designated GMxoyo and
Fifxoyo respectively,

2. Those shots falling in the bullseye area excegting' Xm0 ,
y=o0 shots and designated GM bull and FM bull,

3., Those shots falling on the y axis from the outside of the
bullseye area to the top of the target, e.g. @I x < o,
y=42to+ 8, FMx=0, y=42 to 4 8 and for those
falling on.the y axis below the bullseye to the bottom of
the target, e.ge M X =0,y ==-2 to - 10, PMx = 0o,

y =3 =2 to - 10 shots,

4, Those ‘shots falling on the x axis on each side of the
bullseye to the sides of the target, e.ge WM y = 0,
x=S=2to=-8,PMy=2o0,x==2%0~-8Band G y=o,

x=4+2tos 8, My=o0, x= 42 to 48,

5. Those shots for both groups falling in the upper right
quarter of the target ( 4 # ) and designated GM & #, Fil 4 4,

6. Those shots falling in thehupper left quarter ( = 2 ) of the
target and designated for each group therefore GM = 4, FMl - &,

7. Those shots falling in the lower left quarter of the target
(- ~ ) and designated for each group therefore G = =, BM = =,

8., Those shots falling in the lower right quarter ( # =) of the
target end designated GM % -, FM & -,

9. Only the Poor Marksmen fired off the target, These shots
wore designated FM off-target and were off low right,
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As there were only two GM 4 4 shots,
5@ x=0,y=%2%0 48 shots and 2 My = o0, x= %2 to 4 8
shots and 4 P y;: o, x:: 42 to % 3, only 17 curves &ere po;sible
rather than the theoret 1cai 21 po;sible curves, There were therefore,
10 fespiratory curves for the Poor Marksmen and 7' for the Good

Marksmen,

Figures 5 and 6 show diagramatically
these 17 curves, Here, a horizontal line indicates a significant
trend was associated with holding the breath in that interval., A
line moving diagonally to the top of the chart indicates inhalation,
and pointing downwerd indicates exhalation, In all cases only those
intervals which showed a distribution of shots in the three categories
which were significanf at the .05 level or less are indicated by a
line on the curve (see Appendix B),

From these diagrams, the following
points should be noted:

1, All shots, whether fired by Poor Marksmen or by Good
Marksmen are associated with held breath for a minimum
of 2,4 seconds prior to the firing point,

2. All the shots fired by the Poor Marksmen which fell low
on the target or off the target were essociated with
exhaling prior to the fire point,

3. The bullseye and x = 0, ¥ = ¢ shots by the Good Marksmen
are unique in the tendency to be accompanied by held
breath throughout, and are especially notable for the

fact that these shots alone are accompanied by a "follow
through" in the respiratory pattern after the fire point.
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4, All the shots fired by poor marksmen show breathing in the

.6 second interval after the fire point and a trend to
inhallng in the following .6 second interval. The exception

here is the curve for off-target shots which does not show
a definite trend after the fire point except that it too is
accompanied by breathing immediately after firing,

5, All shots except GM xoyo and GM bull are accompanied by
breathing within 1,2 seconds after the fire point,

In addition to these points, it
appears that the respiratory trends fall into groups. That is, there
seem to pe group similarities., This patterning becomes most apparent
when the medisn aiming time for each trend is taken into consideration.
With regard to the aiming time, the median time rather than the mean
time was used to avoid giving undue weight to a very few exceptionslly
long periods which would not be so representative of the group trend.

In this regard then, the following
points are noteworthy:

l, BEBoth the GM bull and GM xoyo respiratory trends are very
gimilar, this similarity being emphasized when their median
aiming time (16,8 and 16 seconds respactlvely) is taken
into account,

2. All high shots, whether by Poor Marksmen or Good Marksmen
are similar in respiratory trends and in median aiming
time, This is not so apparent in the Good Marksmen, but
Appendix B indicates that even here there is a strong
tendency to inhsle after the fire point,

3. The two curves for the low shots of Good Merksmen are also
similer in aiming time and general respiratory trends,

4, FM -~ and FM # = and P off-target shots are all similer in
respiratory trends, In addition, the first two trends are
similar with regard to aiming time (11 and 12 seconds
respectively). The FM off-target shots have the shortest
aiming time, namely 9.5 seconds,
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5¢ It will be noted that the GM - 4 and the FM bull shots are
. almost identical with regard to respiration trend and
aiming time. Appendix B shows the tendency to inhale in
the 1.2 second interval after firing in the GM - # shots,
Thus it appears that these two groups are indistinguishabdle
on the basis of respirstion end aiming times alone,

6. With regard to those shots falling on the ordinates, the
following points may be noted from Fig. 6.:

(a) The FM %0 y = -2 to -10 shots have the same marked
inhaling immediately after the FP associated with the

respiratory trend as do the FM ~- shots, However, it

will be noted that in this case, no direct evidence of
exhaling before the FP is evident., The median aiming

time here is 14 seconds,

(b) The M x = -2 to -8, y = o shots and the M x = o,

) ¥y = -2 to ~10 shots are similar with regard to respiratory
trends in several ways. Both groups of shots are
associated with held breath in the ,6 interval after
the FP and both trends show breathing in the next
interval, The median aiming time for the GM x Z =2 to
-8, ¥y = o shots is 13.9 seconds and for the M x = o,
¥y = -2 to ~10 shots is 14,9 seconds,

(¢) In the respiratory trend associasted with the PM x = o,

. ¥ = 42 to 48 shots there is exhaling from the 13.2
second interval to the 1ll.4 second interval before the
FP followed by inhalation from the 7.8 second interval
to the 6 second interval before the FP, This trend is
followed by the minimum 2.4 second holding before the FP
characteristic of all shots, Here too, there is

breathing immediately after the FP, The median aiming
time is 10 seconds,

(d) Most characteristic with regard to the respiratory trend
. . associated with the FM x = =2 to -8, y = o shots is the
inhaling in the ,6 second to the 1.2 second interval
after firing and the exhaling in the 2,4 second to 3.0
second interval after FP, Medlen aiming time is 11.7

seconds, '

We have considered only the respiratory
trends in detail up to this point together with a brief mention of

aiming time, therefore, few positive statements can be made, However,



some tentative points should be consgidered:

1.

It is evident, especilally with regard to the shots within
the bullseye area fired by the Good Marksmen that there
are rather distinctive respiratory patterns associated
with these shots and that in addition, there appears to be
what might be termed an optimal aiming time associated
with these shots,

These shots throughout are associated with held breath.
Moreover, the "follow through" of this pattern after
firing distinguishes these shots from all others fired by
elther group, Perhaps this "follow through" may be
compared with that found in various sports,.such as

golf, In other words, a motor set which is held not

only up to the fire point, but elso for a considerable
period (in this case 4,8 seconds) after firing, is onme
which would appear to be essential to good shooting. An
objection may be made here, It has been noted that FM
bull, eand PM xoyo did not show this trend. This fact
must be admitted, However, it should be noted that only
relatively few of the Poor Marksmen's shots are in this
area when compsred with the number of shots fired by this
Group and also when compared with the proportion of the
Good Marksmen's shots in this area, Both these trends are
very similar to those of shots falling high on the target.
A possible explanation for their position is that another
facgtor or factors are operating to overcome the effeects
of feulty respiration. In any event, the trend as shown
by the Good Marksmen is not negated when considered as a
factor eonducive to good shooting, even though it may be
possible to hit the bullseye by -compensating for faulty
breathing, -

Before leaving this point, the median aiming times of the
shots in the bullseye by the Good Marksmen should be noted,
Here it is found that the 16,8 and 16 second median aiming
periods would appear to be optimum times, A consideration
of the Good Marksmen's low shots, the trends for both of:
which are associated.with the longest aiming times (17.5
and 19 seconds), suggests that despite certain similarities
in respiratory trends before the firing point to the

Good Marksmen's bullseye shots, the additional time taken
to fire may be & factor in these shots falling low,
Another factor, of course, would appear to be that the low
shots are associated with breathing in the 1.2 second
interval after the fire point. This is characteristic of
all shots outside of the bullseye area,



2.

3.

4,
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The next most prominent respiratory trend is that of
the PM off-target shots, Here, like most of the shots,
there is breathing immediately after firing associated
with the shots. In addition, beginning with the 7.8
second interval and continuing to the 6 second interval
before the FP there is a significant tendency to exhale.
Finslly, the aiming time of 9.5 seconds is the shortest
time associated with eny trend, All of these tendencies
would appear t6 favor poor shooting,

The low shots fired by the Poor Marksmen are similar to

the foregoing with regard to respiration. In the M 4 =
shots there is exhaling before the FP and inhaling within
the 1,2 second interval following the FP, In the FM =~ -
shots, although on first glance the trend appears not to

be associated with the above, it seems still to be
essentially the same, The gredual inhaling before the FP
and the most marked inhaling directly after firing, suggests
in general, a condition before firing similar to those shots
accompanied by exhaling,

The low shots of the Good Marksmen are similar to each other
in respiratory trends, but not so similar to the Poor
Marksments low shots. However, it will be noted that both
the GM ~.- and GM ¢ -~ shots are assoclated with longer

aiming time than the bullseye shots by the same group.
Moreover, these trends show breathing in the 1,2 seconds after
firing, However, to fully account for the low position of
the shots, it will likely require the consideration of some
other factor not discussed here. Thus, the fault in the case
of the low shots seems more in the aiming time than in the
respiration, while the fault in the case of the Poor Marksmen's
low shots seems to be respiretion primarily, .

The resemblance both in firing time and respiratory trends
associated with-all high shots fired by both Groups should
be noted, Unfortunately, there were too few shots in the
GM 4 4 for respiration curves to be determined. However,
although there are these similaries present, the analysis to
this point does not explain why some of the high shots fall

in the upper right quarter while others fall in the upper
left quarter.

It was hoped that a study of the respiration curves associated
with the xS o, y = 42 to 48 shots and x = 0, y = =2 to ~10
shots fired by Good Marksmen and Poor Marksmen would reveal
why, though these shots are in line with the bullseye they

fall high on the target in the first case and low in the second,
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However, no distinct trend for these shots alone was found,
The low shots in these groups for the Poor Marksmen resemble
the PM - - shots'! trends, The shots fired by the Good
Marksmen in this.aree resemble the (M &4 - shots and the

@f - - shots. Thus, low shots in this.area are similar to
the shots fired low by both the Good and Poor Marksmen,
respectively. Unfortunately, there is no GM x T o,

¥ = ¥2 to 48 respiratory trend possible. However, in the
case.of the PM x S o, ¥y = 42 to #8 respiratory trend, the
inheling indicated before FP may.partially account for the
high position of the shots, :

The FM x = -2 to -8, y = o shots resemble the shots fired
high or in the bullseye by the Poor Marksmen both in
respiration time and aiming time. The G x = -2 to -8,
¥ = o respiratory trends resemble the shots by the Good
Marksmen falling in the 4 - area, However, aiming time
is less (13.9 seconds). .

Summary of respiration and aiming time trends

The findings up to this point in the
enalysis are both incomplete and tentative since only two of the
factors have been considered, Thus, they will have to be modified
later, Some tentative conclusiéns with regard to the trends
discussed may be made:

1, The respiratory trends associated with bullseye shots
tired by the Good Marksmen are distinet from any other
group, especially with regard to the "follow through”
after firing, . .

2. Those shots falling high on the target and by both groups
appear to be associated with a characteristic respiratvory
trend, empecially after the FP, Theé bullseye shots by
Poor Marksmen are also associated with this trend.

3. The low shots in the major areas by the Poor Markamen
resemble each other in respiratory trends,

4, Exhaling before firing, breathing immediately after firing
and the shortest aiming time of all shots, seems to be the
characteristic trend associated with off-target shots,
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5. With regard to low shots by Good Marksmen, associated
with them is breathing after the FP and en aiming time
which is longer than the bullseye shots by the same
Group.

6. Finally, the two factors, respiration and aiming time,
seem to be sufficient in the main to account for high
and low shots, However, they do not ssesem to be sufficlent
to account for shots falling to the right or to the left of
the bull,

Discussion of the pressure trends

The following section is concermed
with the results obtained from the analysis of the pressure records
,?or the groups of Poor Marksmen and Good Ma¥ksmen already discussed
in some detail in the previous section devoted to group respiratory
trends, Figures 8 to 25 show the trends for all marksmen with regard
to stock pressure, It can be seen that the dominant $rend for both
Good and Poor Marksmen is not to apply pressure at all upon the butt
stock while firing,

Figure 7 represents diagramatically

the relationship bétween the position of the pressure pad and the grip
recommended by the training manuals,

The usual instructions for holding
a rifle have already been quoted in Chapter I, Neither the trained
nor the untrained groups as a whole conform to these regulatidns. There
would appear to be several possible explanations for the fact that both
the performances of the Good and Poor Marksmen Showthat the recommendéd
procedure is not complied with:

1. The first possible explanation is that the pressure pad and
its functioning were inadequate for the measurement of stock
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pressure, Conceivably, it may be possible to grip the

" rifle stock in such a menner that it would not be recorded
by the pad. However, such a grip is not recommended by
present training techniques. The pad was placed in such
a position that if the stock were gripped at all the
pressure would be recorded.

2. The results obtained may be due to the fact that the rifle

' used had a .22 bore and thersfore would not have the recoil
of a standard 303, This fact might have influenced the
shooting procedure of the trained marksmen especlally,
However, exactly why such trained men should find it necessary
t0 vary their grip with the rifle being used is not explained.
It may be that such a vice-like grip as recommended is an
awkward grip which is awided by marksmen unless made
necessary to compensate for recoil,

3. When the fact that inexperienced shots also did not exert
pressure in general is considered, a third explanation is
suggested which may account for the entire phenomenon. Such
an explanation is to the effect that. perhaps the pad itself,
because it was plastic and "gave" slightly with pressure and
was therefore different in this respect from the rest of the
stock caused the Subjects, as a result, to avoid it, This
situation is roughly analogous to running a hand along a table
top with the eyes closed and touching an area that is unlike
the remainder of the table, The suggestion here is that in
such a case the person would lift his finger to avoid the
strange object,

To test this hypothesis would require possibly two separate
experiments -~ one to ascertain thes effects of imstruction
that explicitly called attention to the pad and its function,

or another, to demonstrate whether or not the above analogy
is sound,

Another point shouild be cénsidered in
this connection., This is that the manuals emphasize such.a grip as
already discussed not only to compensate for recoil but also to aid in
the grouping of the shots near the bull, Again, this is likely the
case with the .303., However, the performance by the Good Marksmen

suggests that accurate shooting is not so dependent upon this factor
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when using a rifle of small bore,

The ma jor trend then, still remains
one toward applying no pressure on the rifle stock. Yet; there appear
to be certain pressure trends associated with shots falling in
Specified areas on the target. These frends will be coﬁsidered now,
Although in many cases they.are not significant, when considered with
the dominaent respiratory trend, the secondary trends ao supply some
indication as to possible influences determining the position of the
shots on the target.

The statistical method used in

analyzing the pressure record was the same as that used in the

analysis of the respiratory records, namely the X? technique,
The rationale was that becauss in

the various time intervals considered each S could exert pressure on

the stock in varying degrees, he could within any specific interwval
either apply no pressure at éll, or eise he could apply any one of a
number of varying degrees of pressure from slight pressure, sufficieht
only to be recorded as one light on the panel, to pressure strong
enough to be recorded as the total number of lights (six in all) on

the panel, There were 1ndividuél differences in the-amount of bressure
exerted in the various time intervals by the various Subjects, A
minority gradually increased the stock pressure. Others exerted
pressure erratically or not at all, It was felt therefors, that in

analyzing the group trends, these wvariations in the amount of pressure
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exerted in the various- intervals should be taken into account,
anﬁe, an X% and a P value were
determined for the pressurs trendé shown by the two groups of
marksmen in the .6 second 1nterval:before firing, at the FP, and in
the .6 interval after firing. These intervals were selected for
detailed study because loglecally, it would seem velid to assume that

if eny marked varietions in pressure occurred at the time of firing

or shortly before and after, they would be pressure changes that would
influence the path taken by the bullet to the target, |

For every area on the target previously
considered in the respiratory anaiysis, various Xz and P values

(Appendix C) were calculated as indicated above in order to:

1. See if thers were any differences between Good and Poor .
Marksmen with regard to the amount of pressure at the FP
associated with their shots falling in the wvarious target

areas, (See figs. 8, 9, 10, 11, 12 and 13),.

2. See whether or not for each group of marksmen there were
significant changes in the amount of pressurse exerted
imuediately before firing (.6 seconds) and firing (FP)
for shots falling in the warious target areas, (See figs,
15, 16, 22 and 23). ' _

3. ©See whether or not for each group of marksmen there were

significant pressure changes between the FP and immediately
after firing (.6 seconds). (See figs. 17, 18, 24 and 25).

4, See if at the FP the amount of pressure exerted in the
specified areas was significantly different for Good and
Poor Marksmen., (See figs. 14),

5. See if the vertical and horizontal shots could be distinguished
from shots in other areas by pressure alone. (See figs.
19, 20 and 21), ;

-

The secondary pressure trends will



now be considered in detail:

l, Concerning differences in the amount of pressure applied
at the Fp:

(a)

()

(c)

Comparison of the amount of pressure associated with
M xoyo shots and GM - ¢, GM 4+ ¢+, QL ~ ~ and GM & -
shots, (Fig. 8) From Fig. 8,.the following results
are noteworthy:’

(1) There 1s no significant difference between the

. amount of pressure associated with the GM xoyo
shots at the FP and GM shots in the other aresas
(-4, 4 -, = =) of the target,

(1i) Though not significant (P,20), there is a tendency
.. for GM xoyo shots to be associated with more
pressure at the FP than GM - & and GM 4+ - shots,

Comparison of the amount of pressuré associat::ed with
@ xoyo shots end FM - 4, PM 4 ¢, FM -~ ~ and PM 4 -
shots, From Fig., 9 the.following results ars obtained:

(i) There is a significant tendency for GMxoyo shots

o to be asgociated with more pressure at the FP than
the PM 4 & (P ,05 to ,02) shots, the FM & -~ '
(P less than ,01) and the FM - - (P ,05).shots,

(ii) It should be noted that there is no significant
.. difference between the @ xoyo and the FM -~ ¢
(P .95 to .90) shots with regard to the pressure
assoclated with them at the FP,

Comparison of fhe amount of pressure associated at the

. FP with PM xoyo and PM - ¢, PM 4 4, Fil = -~ and FM 4 =~

shots. JFrom Fig. 10, the.following results are
obtained: = , :

(1) There is no significant difference between the

. . PM xoyo shots and the FM 4 ¢ (P .80 to ,70),
Pl -4 (P .70 to ,50), PM.~.~ (P more than..99)
and P 4 - (P ,10) shots with regard to the amount
of pressure.associated with them at the FP,.

(1i) There is a tendency, though not significent (P .10),
.. for the FM xoyo shots to be associated with more
pressure at the FP than the FM # - shots,
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Comparison of pressure trends at the fire point:
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FIG. 11. Comparison of pressure treonds at the fire point:
Poor Marksmen's "dead-on® shots with Good

Marksments shots.in ¢

he other major target areas,
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(d) Comparison of the amount of pressure associated at FP
. with PM xoyo shots and GM - 4, M ¢ ¢4, M -~ - and .

@1 4 - shots, The following.result is obtained from
Fig, 11 to the effect that there is no significant
difference in the amount of pressure associated with
the FM xoyo shots and the GM - # (P .95 to +90),
@G - = (P more than .99) and GM.4.- (P 70 to .50)
shots, . .

(e) Comparison of the amount of‘pressure associated at FP
. with FM xoyo, FM bull, GM xoyo and GM bull shots.
(See Fig. 12) Results: .

(1) There is no significant difference with regard
to the amount of pressure associated at the FP
between GM xoyo and PM xoyo shots (P .95 to ,90);
GM xoyo and GM bull shots (P 95); FM xoyo and .
GM bull shots (P .95 to .90).

(i1) There is more similarity than -difference with
regard to the pressure at the FP between FM xoyo
and PM bull shots (P .70 to .50),

(iil) There is a significant difference in the emount
. of pressure associated at the FP between @M xoyo
and PM bull shots (P .02), more pressure being
associated with the GM xoyo shots; end between
GM bull and FM bull shots (P less than ,01),
more pressure being associated with the Gi.bull
shots,. »

(£) Comparison with the amount of pressure associated at the
. FP with PM xoyo, GM xoyc and PM off-target shots,
(Fig. 13) Results: .

(1) There is no significant difference between the
' emount of pressure associated at the FP with
FM xoyo .shots and PM off-target shots (P .70 to .50).

(11) There is no significant differsnce between the
amount of preassure associated at the FP with
GM xoyo shots and FM off-target shots, but in
this case a P ,30 to ,20 suggests a possible trend
for @1 xoyo shots to be associated at the FP with
more pressure than the PM off-target shots,

(2) Comparison with the amount of pressure associated at the
. . ¥P.between M - 4 and M ~ 4; GM - - and PM - - sghots;



-62-

FIG, 12, Comparison of pressure trends at firepoint:
Good Marksmen's "dead-on" and bull shots
with Poor Marksmen's "dead-on" and bull shots, -

N

@ xoyo

P .70 to .50

P .30 to .20

P off

FIG, 13. Comparison of pressure trends at the firepoint:
' Good Marksmen's and Poor Marksment's "dead-on"

shots with Poor Marksmen's "off-target" shots,
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@ 4 - and P ¢ - shots, From Fig. 14 the rfollowing
results: .

(1) There is a significant difference in the amount
- of pressure associated at the FP between GM - ¢
_and PM - ¢ shots (P less than ,0l) and GM & - .
and PM 4 = (P less than .0l) shots, In both
cases, more pressure is associated with the M
shots.

(1i) There is no significant difference in the amount
. . of pressure associated with the GM - -~ and FM -~ -~
shots (P .70 to ,50)

2. Concerning the cﬁanges in the amount of pressure associated
with shots in the interval .6 seconds before firing and the
F¥P:

(a) Comparison of the amount of pressure associated with shots
. . «b seconds before firing and at tue FP by Good Marksmen,
Fig. 15. Results:

(1) 1In all the areas (M - ¢, M - -, GM ¢ =, GM bull

. . and GM xoyo) there is no significant change in
the amount of pressure assoclated with the shots
in these intervals,

(ii) However, there would appear to be a slight tendency

. . Tor GM bull shots to be associated with more pressure
at the FP,

(b) Comparison of the amount of pressure change associated
with Poor Marksmen's shote in the various areas between
.6 seconds before firing and the ¥P, See Fig. 1l6.
Results:

(1) Again, there is no significant difference in the-
. . various areas between the amount of pressure
associated with the shots in these intervals,

(i1) There is a tendency, however, for FM 4 & shots
. (P +30) to be associated with more pressure at the
FP than .6 seconds before the FP,

3. Goncerning‘changes in pressure associated with shots in the
areas at the FP and .6 seconds after,

(a) Comparisons to determinme changes in pressure associated
. with Good Marksmen's shots in the various areas at the
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FIG. 14, Comparison of pressure trends at the firepoint:
Good Marksment!s shots with Poor Marksmen's
shots in the major target areas, -
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P ,70.t0 450 too. few
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FIG. 15. Diagram indicating the significance of pressure
changes between .6 seconds before the firepoint
and the firepoint: Good Marksman Group,
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FP and .6 second interval following. Fig. 17,
Results:

(1)

(11)

(i11)

There is no significant decrease (P less than
«0l) in the amount of pressure associated with
GM bull shots at the FP and in the .6 second
interval afterwards.

There is a slight tendency (P +20 to .,10) for
G 4 - shots to be associated with a decrease in
pressure between the FP and .6 seconds afterwards,

There is no significant change in pressure
associated with GM ~ ¢, G ~ - shots and @& xoyo
shots in this regard.-

Comparisons to determine changes in pressure associated
with Poor Marksmen's shots between the FP and .6 seconds
afterward. Fig. 18. Results:

(1)

(11)

(111)

There is a significant decrease (P ,02 to .01)

in the amount of pressure associated with FM bull
shots at the FP and in the following ,6 second
interval,

There is & significant decrease (P less then .01)
in the amount of pressure associated with FM - - _
shots at the FP and in the following .6 second
interval,

There is no significant change in this regard
associated with PM xoyo, PM - ¢ or FM 4 &, PM & -
and PM off-target shots, _ - s a -

Concerning the differences in the emount of pressure at the
FP between horizontal shots and vertical shote and associated
shots in otheriaraas; - Fige 19,

(a) Comparison of GM - 54»‘, @{ - - shots and M yo x =2 to -8
. shots with regard to the amount of pressure at the FP,
Fig, 19. Results:

(1)

There is no significant difference in this regard
between pressure associated at the FP with GM yo,
X -2 to -10 and GM - 4 shots (P .30 to .20) or

cm - - shots (P «50 %0 .30).

(b) Comparison of GM - - shots and @I 4 - shots with QI X0,
. ¥ -2 to =10 shots with regard to the amount of pressure
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FIG. 16. Diagram indicating the significance of pressure
changes between .6 seconds before the firepoint
and the firepoint: Poor Marksman Group.
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FIG. 17, Diagram indicating the significance of pressure
i changes between the firepoint and .6 seconds
after the firepoint: Good Marksman Group.
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P .80 to
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P - - | PM 4 -

M off P .95 to .90
FIG, 18, Diagram indicating the significance of pressure
changes between the firepoint and .6 seconds
after the firepoint: Poor Marksman Group,.
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associated at the FP, Fig. 19,

(1) The results here indicate that there is no
sign:.flcant difference in this regard between
@M zo, ¥ -2 to =10 shots and QI - - shots
(P .50 t0 +30) or QI ¢ - shots (P +30 to .20),

Comparison of FM xo0, y 42 to 48, FM yo x =2 to =8

. and PM x0, y -2 to =10 shots with various areas on

(a)

the targets with regard to the amount of pressure at
the FP, Fig. 20, Results::

(i) There is no significant difference in the amount
. of pressure associated at the FP with ¥M - § shots
and FM x0, y 42 to 48 shots (P .99 to +98)e.

(1i) There is no signifiéant difference in the amount
.. of pressure associated at the FP with FM - ¢4 shots
and FM yo, x =2 to -8 shots (P .99 to +98)..

(i1i) There is no significant difference in the amount
. of pressure associated at the FP with FM - - shots
and PM yo, x -2 to -8 shots (P .95 to .90),

(iv) There is no significant difference in the amount of
. pressure associated at the FP with FM - - shots and
FM x0, y -8 to -10 shots (P .80),

(v) ~ There is no significant difference in the amount of
A pressure assoclated at the FP with PM ¢ - shots and
PM xo0, y ~2 to -10 shots (P .98 to .95).

(vi) There is no significant“d:ilfference in fhe amount of
- . pressure associated at the FP with FM ¢ 4 shots and
PM x0, ¥ 42 to 48 shots (P .98 to .95). -

Comparison of a yo, x -2 to -8 and FM yo, x =2 to -8 shots;

. @M x0, y -2 to -10 shots end FM x0, y -2 to =10 shots,

(e)

Fige 21, This indicates that in both cases, (the former
P .05 to .02 and the latter P .10 to .05) there is
significantly more pressure associated with the GM shots,

Comparison of pressure changes in the .6 second interval

. before firing and FP of Good Marksmen and Poor Marksmen!s

shots falling in the horizontal and vertical axes, Figs.
22 and 23, The results show that there are no significant
pressure changes in the various areas,
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FIG, 19, Comparison of the vertical and horizontal shots in
various target areas with regard to the amount of
pressure at the firepoint: Good Marksman Group.
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FIG, 20, Comparison of the vertical and horizontal shots in
various target areas with regard to the amount of
pressure at the firepoint: Poor Marksmen Group.
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FIG, 21 Comparison of the vertical and horizontal shots
fired by Good and Poor Marksmen with regard to
the amount of pressure at the firepoint,
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FIG., 22, Diagrem indicating the significance of pressure
. changes between .6 seconds before the firepoint
and the firepoint, associated with the vertical
and horizontal shotss: Good Marksman Group.
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FIG 23, Diagram indicating the significance of pressure
changes between .6 seconds before the firepoint

and the firepoint, associated with the vertical
and horizontal shots: Poor Marksman Group
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(f) Comparison of the pressure changes at the FP and .6

. . seconds after firing of Poor Marksmen and Good
Marksmen'!s shots falling in the horizontal end vertical
axes, TFigs, 24 and 25. The results indicate that there
are no significant pressure changes in the areas. '

Swmary of pressure trends

The principal results may now be

summarized in order that the primary and secondary pressure trends may

be more conveniently related to ecorresponding respiratory and aiming

time findings:

1.

2,

3.

4,

5.

Despite the fact that in general, relatively little stock
pressure was evidenced, it would appear to be significant

that more pressure was assocliated with the Good Marksmen's

shots in the high left ( - 4 ) and lower right ( 4 - 9 .
quarters of the target than.with Poor Marksmen'!s shots in

the same area. Also, it is apparent that in three areas of

the target ( + #, ~ - and ¢ ~) less pressure was associated with
the Poor Marksmen's shots than with the GM xoyo shots, On

the other hand, neither the Good Marksmen's shots in the same
areas nor the FM xoyo shots may be so distinguished.

Note should be made of the fact that neither the FM xoyo shots
nor the GM xoyo shots can be distinguished from the Poor
Marksmen's off-target shots by the ampunt of pressure exerted

‘at the firing point,

The fact that there are no significant changes in the amount
of pressure associated with any shots between .6 seconds
before firing and the FP is noteworthy.

For later reference, it is important to note that both the

@& bull and PM bull shots show a significant decrease in the
amount of pressure associated with the shots immediately after
firing., This same trend is shown in the FM - - shots,

Contrary to expectationé, upon the basis of pressure alone,
it is impossible to distinguish either lateral or vertical
shots from shots falling in adjacent areas on the target,

In.smnmry then, the foregoing
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discussion would indicate that stock pressure alone is not a
significant diagnostic factor for determining the position of a shot
on the target when a rifle with a .22 bore is used. The secondary
trends indicaté that if the aim is on the bull and there is a sudden
release of pressure immediately on firing, the shot may be deflected
from the centre slightly, but not necessarily out of the bullseye,
However, this conclusion is not clear cut since shots fired by Poor
Marksmen falling in the lower left quarter show a similar trend. Yet,
the direction of all the shots here is similar, i.e. both Groupst
bullseys shots are grouped in the lower left cormer of the bull to some
extent, This would indicate that it is the respiratoryiplus the pressure
trend in the case of the PM - - shots that accounts for their wider
divergence from the bull,

Concluding this discussion then, there
are three important points that can be made:

l., The "vice-like grip" rule recommended by the training manuals
is not observed by the Good Marksmen when firing a service
rifle with a ,22 bore. This finding is in agreement with the
conclusion arrived at by the ORG report No., 8/49 (19).

2. Neither shots fired by Good Marksmen nor shots fii'ed_by Poor
Marksmen, whether they be good or poor, can be accounted for
in terms of either the amount of pressure exerted at the FP
or to any changes in the amount of pressure exerted immediately
before or after firing.

3. Whether a shot falls in the bullseye, off the target, or in
any of the other specified areas on the target, would not

appear to be significantly dependent upon whether or not stock
pressure is associated with it.

Incidental Observat ions

In this section will be considered
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briefly some less formal observations of the Subject's performance
made by the E during the experiment. To a large extént, these
observations are less accurate in that they were less adeguately
controlled than the foregoing observations, ‘However, it was considered
advisable to include these data since they may, first of all, be
suggestive of further areas of research in marksmanship and secondly,
they may facilitate the adequate integration of the previously discussed
findings., In this connection then, the first problem to be discussed
is that of position.

Unfortunately, the procedures here
made it almost impossible to assess accurately the positions gssumed by

the Subjects while firing owing meinly to the limited time available

for dealing with each S.” As noted earlier, each S had to report for

three consecutive days and in order the E might be assured that they

would do so, he was forced to schedule the time s0 that a minimum of
delay in each Subjeet's appointment was incurred. Yet, under these
less desirable conditions, the E was able to note the generasl prone
position assumed by eﬁeh S as he fired each shot ‘and also note é.ny shifts
or changes in position made by each S as he fired,

An examination of the individual records
revealed the following points fvz;.th regard to position of each group:

l. Concerning the Good Marksmen's positions, the following points
are noteworthy:

(a) All but three of this Group assumed a firing position
that was essentially the position recommended by the
training manuals,
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(b) The three Subjects who did not conform all assumed a position
. . as followst Thelr position was such that their bodies were
at 90 degrees to the target and directly in line with it,

their legs together and their toes down. The general
elevation was noted at the time of firing as being somewhat
higher than that of the remainder of their group, due to
the fact, probably, that their elbows were placed closer
to their body. These three Subjects were numbers 8, 9 and
15, Their average total scores were 49.7, 49.5 and 49.1
respectively which ranged them approximately third, fourth
and seventh in the group.

(c) There was but one S in this group that was left-handed.

. . His position was that recommended by the training masnuals,
but at an angle opposite to that assumed by the right-
handed Subjects. This is understandable since it pemitted
the S to avoid firing across his body., This S was number
18, his average total score was 49,8, placing him second
only to the best marksman in the group,.

(@) Finally, it should be mentioned that there was no shifting

. . in position or any other indications of strain or
awkwardness of position noted in this group. It appeared
that the Subjects in this group were able to meintain a
relatively stable and steady position throughout,

Concerning the Poor Marksmen's position, the following points
should be noted: -

(2) In 8ll but five Subjects of this group of 21 individuals,
. notes were made at the time of firing that indicated much
shifting and adjusting of the initial position assumed,

(b) Only 8 members of this group took up a position similar to
. . that recommended by the training manual and three of these
8 individuals showed indications, noted at the time as

shifting, and other minor adjustments of position.

(¢) The remainder of the group took up positions at right angles
. . to the target -~ legs together, toes pointed down. One of
these individuals (S 20) crossed his legs and a second
(S 16) bent his right knee.

(d) Four members of this group were left handed, These were

. 81,83, S84 and S 20 S 4 took up a position almost
straight on the target but of such a nature that forced
him to fire across his body. S 1, with an average total
score of 45,1 was the best shot of the Poor Markaman Group,.
(Table 2),
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From the foregoing discussion, it can
be seen that little conclusive eﬁdence for or against the prone firing
position recommended by the Service training manualsrca‘n be inferred
from these results., However, there is some indication that for most
individuals, the recommended position is the more stable one &and as ‘
such, is an aid in good shooting., Again this would 11kel§ be a decisive
factor if an individual fired a .303 rifle,

The fact that four of the Poor Marksmen
were left-handed might be indicafive. Still, it should be képt in mind
that in each of these cases the firing,position.was ‘not the one
ordinarily recommended but rather the position characteristic of the
Poor Marksman Group as a whole and marked by shifting and minor adjust-
‘ments indicative of muscular strain and tension. When this, and the
fact that oné of the Good Marksmen was also left-handed but todkup the
recommended position with no shifting; though at an angle opposite to
that of the right-handed Subjects and so avoided shooting across his
body, is taken into account, it would appear that left~handedness pér
ge 18 not an insumountable obstacls to good shooting,

A second problem concerning the
cooperation of the Subjects should be noted., This is to the effect that,
contrary to expectations, though in general all the Subjeets'were
remarkably cooperative, it was the group of Subjects not associated with
any of the University Amed Services'! Groups that was the most cooperative
and punctuel during the experiment. ‘This is especially important since

all Subjects were wolunteers., This point is made here primarily as
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further evidence of good motivation on the part of the Poor Marksmen
since the vast majority of the Poor Marksmen were untrained and not
associated with the campus Service Groups. »

The exp]ana’cibn for this state of
affairs is probably thet the performance required was more of a
novelty to the non~service people and therefore, was able to sustain
their interest to a greater extent than it _was for the Service—peOple
who probably volunteered priﬁarily out of curiosity and then, finding that
the investigation was & non-dramatic affair, continued their part in the
experiment , either because they felt obliged to do so, oxr to take
advantage of the opportunity to fire free ammunition.,

In concluding thi$ discussion, it is
suggested first of all that theré has been further evidence presentsd
to support the assumption that the Poor Marksmen were well motivated,
an assumption of great importance in any attempt at assessing their
performance, Secondly, there has been presented some data which
indicate that a stable firing position iis essential for good shooting
and that there is no evidence that the firing position recommended by
the training manuals is not such a position., However, as the records.
indicate, both gooci and poor shots can be fired from the recommended
position and also from other positions as noted above, Thus, the main
factor here would seem to be stability of position rathei' thén any
stereotyped position, That is, conceivably various individualsmay find

a varlety of positions more comfortable for shooting and to the extent
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that these positions are more comfortabls, presumably they would
require less shifting and so in turn would be stable.

Finally, there is no conclusive evidence
that left-handedness is an insurmountable obstacle to good shooting.
However, in these cases it does appear to be somewhat awkward and the
main obstacle to be overcome is position. In this regard, note has been
made of the solution adopted by one dood Mai‘ksman who ‘was also left-

hand.edo



CONCLUSION AND FINAL SUMMARY OF THE MAJOR FINDINGS

Because the various results were
discussed in detail in the previbus chapter, all that remsins now is
to draw together soms of the more important trends in summary form so
that the various influences may be seen more eaﬁily. This chapter
then should serve two purposes., First of all, it shouid suggest possible
applications of the findingsand more importantly, it should point out
areas for further research with regard to the factors in marksmenship,
This first problem to be dealt with is
that o{ describing the possible trends in respiration, pressurs, aiming
time and position that this study indicated as important factors in
determining where the shots would fall on the target. In an attempt to
deal with this problem, the two extreme cases (bullseye.and the off-

target shots) will be presented in detail,
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area in terms of the major factor studied

The medlian aiming times of the Good
Marksman Group for shots falling in the bullseye area were 16.8 seconds
for a bullseye and 16 seconds for a dead-on shot. It is suggested that
these are the optimal aiming times. This is a considerably longer
interval than that recommended by thé official Army handbook "Shoot to
Live" (see page 9). This handbook suggests 10 seconds as theioptimal
fime; AIt should Be noted here that although some of the Poor Marksmen's
shots fell in the bullseye area, the aiming times associated with the _
Poor Marksmen's bull shots were characteristic of the shots fired by
Poor Marksmen‘out of the bull rather than those~in the bull fired by
Good Marksmen, ’

This study indicates that in order to
facilitate accurate shooting, the rifleman should hold his breath
throughout the aiming period and he should continue to hold his breath
("follow through') for some seconds after firing. Once more it should
be noted that this finding differs somewhat from recommended procedure
with regard to respiration,

This study also suggeststhat in order
to hit the bullseye the shot need not be associated with stock pressure.
It points out, however, that if stock pressure is applied, it should be
maintained for at least .6 seconds after firing, If the pressure is not
maintained, there is a tendency for the shot to beAdeflected from the

centre of the bull to the lower left cormer of the bull, However, if
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the respiratory pattern on firing is that the the GM bull shots and
not that of the PM - -~ shots, then according to the present finding,
one would not expect that the change in pressure would result in any
further deflection than that mentioned above,

It will be notedAonee more that these
findings tend to be contrary to ét&ndard practice and, as mentioned
earlier, tend to substantiste the findings of the ORG Report quoted.

' Finally, this study does indicate that
the firing position recommended by the training manuals is probably
the most stable position for most riflemen and is therefore to be

recommended as a prerequisite to good shooting,

in terms of the major factors studied

» In this study it happened that most
off-target shots fell low and to'the right, The median aiming time was
9.5 seconds, Of inferest in this connection is the fact that the median
aiming time of the FPM 4 = shots was 12 seconds and for the M ¢ -.shots;
19 seconds, In this létter case, it will be noted (Figs. 5 ané 6) that
this extended aiming period is probably the factor &istinguishingithese
shots from the GM bull shots. However, in the case in question, it wiil
be noted that this aiming time is almost identical to that'recommended
by the training manual, yet the shortest median time associated with any
shots in this study,.

In tems of stock pressure, these shots

are indistinguishable from the bﬁllseye shots fired by either group.
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The respiratory pattern for the off-
target shots is as follows:

(a) Exbaling in the interval ranging from 7.8 sesonds to 6
seconds before firing,

(b) This is followed by held breath, then a break, then held
. breath once more from 2.4 seconds before the fire point
up to the fire point,
(¢) Special note should be made that there is no "follow-through
in respect to respiretion indicated here. That is, .
breathing occurs immediately on firing,

The firing position of the marksmen
firing off-target shots is the one characteristic of the Poor Marksman
Group, namely, the body straight on the target, legs together, toes
down and cheracterized by shifting.

The values and limitations Of the miniature range as a technique for
training marksmen,

Reference to pages 13 and 14 will present
in summary form, the two major views in this regard -- one recommending
the use of the miniature range and the other not recommending it,.

It can be seen at once that the findings
of the study agree most closely ﬁith the recommendations of the ORG
Report No, 8/49. If it can be grented that the method of measuring stock
pressure in this sfudy is adequate for assessing the frequency of
occurrence of the "vice-like grip" recormended by the training manuals,
then this study présents evidence'confirming the ORG Report!s statement
that "He (the rifleman) does not hold it (the rifle) finmlyﬁ when the
rifle'being fired has a «22 bore, | ‘ .

In addition, if this study's results are
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any criterian of performance by individuals trained to shoot in the
Service manner, then the results confirm the same Report!s statement
that "He does .I..‘.‘..’E-. have to apply in practice what he is tz;ught.“

‘ This study suggests one further :i.mportant
point, The results question the validity of the Service training |
ﬁzethods when a Service rifle with a .22 bore is used. It may be true
that the procedures taught with regard to the factors here are the
coﬁect procedures for firing a ,303, but this study provides little
evidence that these procedures are valid for instruction when an
individual is shooting a .22,

Limitations of the study

Up to this point, fhe stress has been
upon the possible values of this study. Now in order to complete the
plcture and to suggest possibilities for further research, some of the
limitations of this investigation will be considered,

It will be recalled that in the
Introduction several factors othér than those considéred in this study
are stressed by the training menuals., These factors al;e Yaiming and
trigger control," It is true that several precautions and controls
were observed in'this study in an attempt to insure accurate aiming; and
" that certain of the results indicate that these precautions were observed,
Still, a study of aiming tendencies, ie., movements of the barrel, might
"be of valus., However, it may well prove to be the case that what is
usually termed "aiming" will be found to be in reality the coordination

of the other factors. This suggestion is in a sense supported by the
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various studies reported in the Introduetion which indicate that
exceptional vision is not characferistic of #ood marksmen., The
influence of "trigger control" was not assessed in this study.

Despite the négativa results feported by Banister, it is felt that
‘this factor could be profitably investigafed mainly - because of the
stress placed upon it in the training manuals,

Again, although some data on "position"
are reported in this study, the factor was not as systematicaily )
investigated as it might have been. Finally, although the training
manuale stress the function of the left hand as being solely one of
support and stress that the right hand is to be the master hand, it
might be profitable to investigate exactly what use is being made of
the" supporting" hand while firing. This suggestion arises from the
fac% that althéugh the shots falling above and below the bull seem to
be reasonably well accounted for in terms of aiming time and respiration,
it stili remains to account for most of the shots falling to the left and
to the right of the bull since stock pressurs, originally believedto be
of significance in this regard, has been shown by this study to be
relatively unimportant except in two cases, i.e. FM bull and @ bull
shots,

This study has been primarily concerned.
with group tendencies and therefore any recommendations with regard to
the individual case must remein tentative until tested. However, the
method of analysis carried out in this study is essentially the same

approach used in psychometrics where the attempt is made to characterize
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the typical case, For instance, Strong in Super (18), from an analysis
of the interests of successful men in a given occﬁpa%ion, assessed the
inventoried interests of the individual in terms of how closely his
interests resemble those of the successful men in question, The
rationale here is essentvially the same, '

Undoubtedly there are individual
differences, but Jjust as Super suggests that the chances of the
individual being heppy in an occupation are greater the closer his'
interests resemble the interests of a particular group, 8o in this
study, it is suggested, in effect, that aperson has a better chance
to hit the bullseye if the trends accompanying his shots resemble
those accompanying the bullseye shots fired by the Good Marksmen,

It is recognized that a case can be made
for questioning the usefulness}of any average profile in dealing with
the individual, yet the fact remains that psychometric testing has
been round useful in individual counselling and until the suggestions
made here are tried out, thers 1s no reason to assume that they may not

be useful in training marksmen,
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THE CRITICAL RATIOS FOR THE INTERVALS
CONSIDERED WITH REGARD TO THE NUMBER
OF SHOTS ASSOCIATED WITH HELD BREATH

Interval __ Percent of Poor Shots Percent of Good Shots _ Critical Ratio

88C, 3946 49,3

HHD SO0

o6 3,03
o8 35,7 57.4 7.1
0 40,5 61,6 6.8
2 47,0 - 76,6 10,2
4 74.5 90.7 740
8 795 92,2 6,05
o2 81,9 94,1 6.7
o6 85.2 9545 567
0,0 86C¢ = = = = = = = = = FIREPOINT = = = = = =« ¢ ;o o o = 2 m m e === =
ob 45,0 64,3 6.4
1,2 33.3 49,1 5.43
1.8 41,8 51,7 3.16
2.4 43,5 C 52,1 2,77
3.0 45,2 5749 5.38
3.6 47.3 54,9 2.45
4,2 54,3 56,8 +806
4,8

44,8 - 61,2 5.52
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x? AND P VALUES FOR THE RESPIRATION TRENDS

. GOOD MARKSMEN.

xoyo shots L ... o.... .. bull shots
Interval X2 P . Tremd - - X' . o..op - . Dpepq
16.8 sec. 11,6722  less than Ol Hold 12,4494 less than ,01 Hold
15.0 11.851 less than .01 Hold ' 18,4459 less than .01 Hold
13.2° 942905 less than .01 Hold 10,3146 less than .01 Hold
11.4 8.8515 .02 to ,01 Hold 20,5793 less than .0l Hold
946 4,26 «20 to L,10 Hold 24,7322 less than .01 Hold
7.8 21,92 less than .01 Hold 14,1859 less than .0l Hold
6.0 27.48 less then .0l Hold 105,5906 less than .01 Hold
4,2 58.78 less than .01 Hold 247,6851 less than ,01 Hold
2,4 104,44 less than ,01 Hold 432,4615 less than .01 Hold
1.8 - 99,71 less than .01 Hold 453,7603 , less than .01 Hold
1.2 115,04 less than .01 Hold 431,6554 less than ,01 Hold
0.6 115.4 less than .01 Hold - 509,3270 less than .01 Hold
060 88C = = = = = = = = = = = = = .. .- .- - FIRE POINT =~ = = = = = = = ¢ = = = = o - = e o w ===
0.6 21,471 less than .01 Hold 150.9625 less than .01 Hold
1.2 14,173 less than .0l Hold 47,1727 less than .01 Hold
1.8 13,651 less than .01 Hold 48,1762 less than .01 Hold
2.4 10,784 less than .01 Hold 43,2430 less than ,01 Hold
3.0 26,17 less than .01 Hold 69,1221 less than .01 Hold
3.6 23,383 less than .0l Hold 67,6698 less than .01 Hold
4.2 14,17 less than .0l Hold . 69,1221  less than .01 = Hold
4.8 - 21,917 less than ,01 Hold . . S 112,252 . -.-.less than ,01- - - -Hold

~06~
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x® AND P VALUES FOR THE RESPIRATION TRENDS

.. \cowrmvuED) . ..
GOOD MARKSMEN. . .. .

' 4 o -« =5hots L . ... ..% = Shots o
Interval X? P Trend X? - P Trend
16.8 sec. 3,00 «90 to .80 Hold 29.5247 less than .01 Hold
15.0 - 7,00 approx. .70 Hold 0.5381 .80 to .70 Exhale
13,2 575 approx. .05 Hold 1,4608 50 to 430 Hold
11.4 4,15 «10 ' Hold 4,6665 «10 Hold

946 715 .02 Hold & 11,5555 less than ,01 Hold

748 12,00 less than .01 Hold 11.5555 less than ,01 Hold

6.0 10,75 : less than .01 Hold 24,2221 less then .01 Holad

4,2 15.75 less than .01 Hold 38,00 less than .01l Bold

2.4 32,25 less than ,01 Hold 42,6666 ‘ less than ,01 Hold

1.8 48,00 less than ,01 Hold 48,2222 less than ,01 Hold

1.2 48,00 less than .01 Hold 54,00 less than ,01 Hold

0.6 48,00 less than .01 Hold 48,2222 _ less than .01 Hold

060 86C = = = = = = = = = = = = - - - - - - - FIRE POINT = = = = = = = = = ¢ = m = m m 2 et o e m ===
0.6 10.75 less than .01 Hold 20,6665 less than .01 Hold

1.2 4,75 .10 Hold . 44,6665 010 Hold

1.8 13,00 less than ,01 Hold 0.6666 approx. .70 Hold

2.4 925 less than .01 Hold 10,8888 less than .01 Hold

3.0 9.25 less than .01 BHold 6,00 +05 Hold

3.6 4,00 . «20 to .10 Hold 8.6665 . «02 to L,01 Hold

4,2 12,125 less than ,01 Hold 8,00 = .02 o "Hold

4,8 - 15,25 © -less than ,01 ‘Hold "~~~ 13,5594 ~ = -~~~ -less than ,01 - - Hold

af = 2



X° AND P VALUES FOR THE KESPIRATION TRENDS

LU UIGOOD MARKSMEN . - . - e
- 4 shots _ x0, ¥ -2 to ~10 shots

Interval x° P Trend x° P Trend

16.8 sec, «5002 approx. .80. Exhale-Inhale 2.8 «30 to .20 Inhale

15.0 4,6277 .10 . Hold . 2.8 «30 to .20 Exhale

132 <1250 495 to ,90. Exhale 1.6 «50 to .30 . Inhale

11,4 «1250 .95 to .90 Hold 3.6 «20 to .10 Hold

906 706297 005 to .02 HOJ-d 1,2 «50 Hold-Inhale
1.8 3.1268 approx. .20 Hold-Exhale . 11,2 less than .01 Hold .

6.0 2,0011 «50 to 030 Hold : 5.2 «10 to L,05 Hold

4,2 9.,8810 less than .01 Holad 19.6 less than .01 Hold

2.4 9.1305 .02 to .01 Hold 30,0 less than ,01 Hold

1.8 21,5133 less then .01 Hold 24,4 less than .01 Hold

1,2 17,3858 less than ,01 .Hold 30,0 less than ,01 Hold

0.6 16,6353 less than .01 Hold 30,0 less than ,01 Hold

0.0 868Gy = = = = = = = = = = = = = = = = =~ = = FIREPOINT = = = = = = = = = == = ===~ - -=-@c-o=--=-
0.6 #5002  approx .80 .Hold~Inhale . 640 <05 Hold

1.2 2,3764 .30 . Inhale 2.8 ¢30 to 420 Hold

1.8 6.,1287 less than .05 Hold 3.6 .20 t0 10 - - Hold

2.4 2.6878 .30 to .20 Hold v 5e2 «10 to ,05 Eold

3.0 1.6259 .50 to .30 Hold 5¢2 <10 to .05 Hold

3.6 6.5039 less than ,05 Hold 1.6 .05 to ,02 . Hold
42 46277 L0 L Bold 2,8 .30 %0 .20  Hold
48 348772 - 420 40410 - - Hold - .- ..03.2- - - .89 - - - ...  Hold - - -

7
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X% AND P VAILUES FOR THE RESPIRATORY TRENDS

.. ....COOD.MARKSMEN. ..........
X -2 to -8, yo shots

Interval X? P Trend

16,8 sec, 7.6882 approx. .02 Hold

15,0 3.6981 «20 to L10 Hold

13.2 3,0984 «30 to ,20 Hold

1.4 3.4285 «20 Hold

9.6 7.9999 T $02 Hold

7.8 3,7142 «20 to .10 Hold

4,2 T.7142 .02 Hold

2.4 17.4285 less than .01 Hold

1.8 25,9999 less than .0l Hold

1, 30.85170 less than .0l Hold

0.6 26,5714 less than .01 Hold

0,0 80C, = = = = = = = =« = = = = = == FIRE POINT = = = = = = = = = = = = = o = = == = =« « «=- =~
0.6 59999 005 Hold

1,2 0.8570 70 to 50 Hold-Inhale

1.8 1.9999 «H0 to .30 Hold

2.4 1.1428 .70 to .50 Hold

3.0 17,4285 less than .01 Hold ~
3, 17.4285 less than ,01 Hold ,

4.2 05,9999 .. O . Bdd . . R
4.83.7142 .. .20t0.10 ........ HOld .

dft = 2
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~ x° AND P VAIUES JOR THE RESPIRATION TRENDS

6=

, . POOR MARKSMEN - : i
xoyo shots - N : bull shots

Interval x° P Trend X2 P Trend
1608 SecC, 03340 090 to .80 Inhale : ’ .3454 090 to .80 ) Hold
15,0 3.6981 «20 to L10 Inhale 10,9809 less then ,01 Hold
13.2 _ 8570 70 to .50 Hold-Exhale © 14,4835 less than ,01 Hold -
11.4 - 10,5714 less than .01 Hold 2.2681 approx. .30 Hold
9.6 3570 70 to .50 Hold-Exhale 7.2283 «05 to .02 Hold
7.8 1.9999 «50 to ,30 Hold 2.1944 50 to .30 Hold
6.0 "+8570 + 70 to .50 Hold-Inhale 6908 approx. .70 Exhale
4,2 1.9999 «50 to .30 Hold 9.2558 less than ,01 Hold
2.4 30.8570 less than .01 Hold 89,2134 less than .01 Hold
1.8 25,9999 less than .01 Hold 130.8380 less than .01 Hold
1,2 21,7142 less then ,01 Hold 121,9716 less than .01 Hold
0.6 28,0000 less than .01 Hold 130,9432 less then .01 Hold
0,0 8€Cy = = = = = = = = = = o @ = c == === FIRE FOINT = = = = = = = = = = = = & = 0 o & = = = == ==
0.6 2.5714 «30 Hold 4,3713 .10 Hold
1.2 549999 «05 Inhale 26.8826 less than ,01 Inhale
1.8 59999 «05 Hold 4,5737 10 Inhale
2.4 3.7142 «20 to L,10 Hold _ 1.7692 «05 to .02 Hold
3.0 3.4285 20 to .10 Hold=-Exhale - 8.0878 less than ,02 Hold B
3.6 3.4285 «20 to .10 Hold ' 543269 approx. .05 Hold
4.2 7.1428 .05 to .02 ~ Hold = = 31,6609 less thamn ,01 Hold =

df = 2



X° AND P VALUES FOR THE RESPIRATION TRENDS

... . (CONTINUED)
----- POOR. MARKSMEN -
- =~ shots i CoT 4+ - shots
Interval x° P Trend X2 P Tremd
16, 8 sec, 8.1930 «02 to .01 Hold ~ .I.1251 70 to 450 Hold
15.0 6.2753 .05 to .02 Inhale 2.0007 «50 to ,30 Hold
13,2 13.95 less than .01 BHold 3.2038 .20 . Hold
1.4 17.1253 less than .01 Hold 2.71522 «30 to .20 Hold
946 8.2486 .02 to ,01 Hold 1.8235 «50 to .30 Eold
748 1.8017 .50 to .30 Exhale 841765 less than .02  Exhale
640 5.41715 .10 to .05 Hold- 2.,1765 «50 t0 30 Hold
4,2 16,6790 less than .01 Hold 10.7674 less than .01 Hold
244 103.2153  less then .01 Hold 57.7058 less then .01  Hold
1.8 141,5488 less than .01 Hold 90.0588 less than .01 Hold
1.2 176.5998 less than .01 EHold 89.3529 less than .01 Hold
0.6 146,0616 less than .01 Hold 139.8235 less than .0l Hold
0.0 86C, = = = = = = = = = = = 0 ¢ = * - -~ FIREPOINT = =~ = = = = = = = = = =« = = = = = = = == = = =
046 6.8105 «05 to .02 Inhale 14,5294 less than .0l Hold
1,2 39.9372 less than ,01 Inhale 38.6471 . 1less than .01 = Inhale
1.8 2,0002 «50 to ,30 Hold-Inhalse 11,5294 less then .01 Hold
2.4 5.9674 «05 Hold . 18,1765 less than .01 Bold
3.0 17.0584 .05 to .02 Hold 68.5883 .05 to ,02 Hold
3.6 12,7614 less than .01 Hold 13,5882 less than .01 Bold
4,2 ~ 5.6699 .10 to .05 Hold =~ 2643530 less then .01 ~ Hold =
4,8 ~ 5,9674 .05 Hold 11,5294 - less than .0l Hold
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X% AND P VALUES FOR THE RESPIRATION TRENDS

-- - POOR -MARKSMEN. - - -
- & shots ' : 4+ 4 shots

Interval x° P Trend X? P Trend
16.8 sec. 3.6465 «20 to .10 Hold 4,3796 «20 to .10 Hold
15.0 2.6579 «30 to .20 Hold 3.3750 © «20 Hold~Inhale
13.2 6.7878 * less than .05  Hold 2.3750 .30 Hold
11,4 1.3427 +50 : Hold 7.0219 © o055 t0 .02 Hold
9.6 2.9456 «30 to .20 Hold 2.,0004 - «50 %0 .30 Hold
7.8 -~ 3:7563 <20 to .10 Hold .2858 © +90 to .80 Exhale
6.0 8.+9600 less than ,02 Hold 1.7555 «50 to .30 Inhale
4,2 14,4800 less than .01l Hold 3.9416 .20 to 10 Hold
244 73.6800 less than .0l Hold 39.2324 less then ,01 Hold
1.8 178400 less than ,01 Hold 51,4799 less than .01 Hold
1.2 77.7600 leas than .01 Hold 60,5429 less than .01 Hold
046 7541200 less than ,01 Hold 62,0126 less than .01 Hold
0e0 86Ce = = = = = = = = = & & m e = e = - - - m e mm e e e mm e e~ s s - m s s .- .- .. - .-
0.6 2.9600 .20 to ,10 Hold 2,1229 «50 t0. .30 Hold
1,2 8.6400 less than .02 Inhale-Hold 13.5130 less than .01 Inhale
1.8 2.2400 approx. .30 Hold ' 12,7783 less than ,01 Hold
244 13,0400 less than 01 Hold 5.4297 «10 to .05 - Exhale
3.0 4.1600 © +20 to .10 Hold .2.7353 +30 to .20 Hold
3.6 540400 «10 to .05 Hold , 2.7353 +30 to .20 Inhale
4,2 32,7200 - less then .01  Hold . 8.,1670 . .02 to .01 - Hold
4,8 B« 6400 less than .02 Hold, 7.3892 .05 to .02 Hold

-96-
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x° AND P VALUES FOR THE RESPIRATION TRENDS

~ - POOR MARKSMEN =~ =
" off-target shots s X0, Y4+ 2 to # 8 shots

Interval X2 P Trend Xz P Trend
16.8 sec. 2.4339 ‘30 ’ - Hold 1,6303 : «50 to .30 Exhale
15.0 - «6083 “ ¢80 to' .70 Hold - ' 1.8999 ' «50 to .30 Inhale
1352 1.75 «50 to .30 Inhsle : 506056 ; «10 to ,05 Exhale
11.4 " e25 ‘approx. .90 Exhale ' +8008 ‘ «T70 t0 .50 Hold-Inhale
9.6 4175 ‘approx. .70 Inhale © 1,2714 °  approx. .50  Hold
7.8 6.125 405 to0- .02 Exhale : 5.0861 «10"to .05 Inhale
6.0 6.25 .05 to .02 Hold 1.2714 -  approx. .50 Exhale
4,2 4,0 - «20 t0 10 Hold .7265 ) +70° _ Hold
2.4 12,25 less than .01 Hold : 7.8109 .02 v " Hold
1.8 775 approx. .02 Hold © 11,6256 less than .01 Hold
1.2 15.25 less than .01 Hold ‘ 7.8109 D2 Hold
0.6 15.25 less then .01 Hold - 12,1707 less than 01 Hold
00 === =~ = cc e o e mcm- e FIREPOINT = = = = = = = = = = = = = = = = = =% = = = = = == = =
0.6 * ¢7150 "approx. .70 Hold ) 4,5412 ' «10° " Hold
1.2 1,0 70 to .50 Hold 1.2714 approx. 50 Hold
1,8 «750 approx. .70 Inhale 1.2714 ApproXx. ¢50 Hold
2.4 1.75 .50 to .30 " Inhale 2.3614 «30° Hold
3.0 12,25 less than ,01 Hold ! 5.0861 «10 to .05 Hold
3:6 1.75 - ¢50 to- .30 Hold _ 0 1.2714 ) approX. 50 Hold
4:2 9.0  approx. ,01  Hold . .1.2714  approx, .50  EHold
4.8 2.25 «50 to .30 Hold' T 2,3614 «30" Exhale

dft = 2



X2 AND P VALUES FOR THE RESPIRATION TRENDS

N (CONTINUED)
POOR MARKSMEN .
X0, y=2 to =10 shots - CT e e yo, x -2 to -8 shots

Interval Xz P Trend x° P Trend
16.8 sec. «5000 «80 Hold «9288 70 t0o ,50 - Hold
15.0 1.1430 +70 to .50 Hold 5¢2160 «10 to ,05 Hold
13.2 T 2.9644 «30 to .20 Inhale 2,6437 «30 to .20 Hold
11,4 24000 « 30 . Exhale-Hold 0713 «98 to .95 Inhale
9.6 1.2261 70 0 .50 Hold 2.1371 «50 t0o ,30 Inhale
7.8 00645 «99 to 098 Exhszle 04825 approx, 080 Hold
6.0 2.6867 30 to .20 Hold 1,9303 «50 to .30 Hold
4,2 6.8104 «05 to .02 Hold «8962 70 to .50 Hold
2.4 21,8057 less than .01 Hold 20,1309 less than .01 Hold
1.8 21.4293 less than .01 Hold 19,9241 less than .01 Hold
1.2 33.0522 less than .01l Hold ‘ 20,7513 less than .0l Hold
0.6 375508 less than .01 Hold 37.2974 less than .01 - Hold
00 = = = = = == = = = = = % = - = === == FIRE POINT = = = = = = = = = = = = = = s 0 = = = & == = = ==
0.6 8.3100  ,02 to ,01 Inhale 1,3098 approX. «50 Hold
1,2 12,4336 less than .01 Inhale 10.8237 less than .01 Inhale
1.8 1.7495 «50 to .30 Hold 2.1371 «50 to .30 Hold
2.4 3123 70 to .50 Exhale 4,6190 «10 - Exhale
3.0 4,1862 «20 to .10 Hold 6.2736 less than .05 Exhale
3.6 4,1862 20 to .10 Hold , « 27517 «95 to .80 - Hold
4,2 2.6867 +30 to .20 Hold 2.5507 .30 to .20  Hold
4.8 3,0615 +30 %o ggp Exhale-Hold 2.5507 «30-t0 .20 Exhale

ar = 2
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/X% AND P -VALUES FOR THE STOCK PRESSURE TRENDS

L aEz= 6 o

m@m Area e e e f - .P .
8 (M xoyo and GM - 4 8.8963 1éss than .20
GM xoyo and QM ¢ = 8.5354 approx. .20
G xoyo and GM - - 4,065 +70 to .50
9 @ xoyo and PM 4 - 27.8388 less than ,01
@I xoyo and FM 4 4 12,9192 005 to .02
@M xoyo and FM - 4 1,7358 +95 to .90
GM xoyo and FMd ~ = 12,48 approx. .05
10 PM xoyo and PM - -~ 9843 more than .99
FM xoyo and FM - 4 4,2014 .70 to .50 AR
PM xoyo and PM ¢ ¢ 3.3602 80 to .70
11 FM xoyo and (M ¢ - 4,3852 .70 to .50
PM xoyo and GM - & 2.13417 95 to .90
PM xoyo and QM - = 0574 more then ,99
12 @I zoyo and FM xoyo 1,9507 +95 to .90
G dbull and QM xoyo 1,61178 4pprox. .95
FM bull and FM xoyo 4,2034 «70 t0 L50
BM bull and @M xoy0 15,1180 02
GM bull and PM bull 20,4320 less than .01
PM xoyo and GM bull 2.1176 .95 to .90
13 G xoyo and FM off JT.5710 .. .30 to 020
Tt FPM xoyo and PM off ' 5,1033 - 470 t0 450




X% AND P VALUES FOR THE STOCK PRESSURE TRENDS ~ °  df =6

Figure Areca xz P
14 GM == and PM == 3.9833 070 to 050
G -4 and PM -4 17.0071 less than .01
GM 4= and PM 4= 39.6329 less than .01
15 G xoyo 1.3603 «98 to .95
GM bull 5.5694 <50 to .30
M - - «3589 more than .99
M l" - 4.1826 070 to 050
QM - 4 4,04 .70 to .50
16 M xoyo 1,9238 +95 to .90 '
PM bull 2.,1254 «95 t0 490 E
M - - 3.8731 . @pprox. .70 3
™4 - 4,0051 70 to .50
PM: e * 100072 .99 to 098
FM ¢ + 742747 _approx. .30
PM off 2,0869 «95 to .90
17 GM xoyo 5.3240 +70 to .50
GM bull 28,3140 less than .01
Gl - & 3,20 80 t0 .70
QL+ - 945555 «20 t0 L10
M- - 245528 <90 to .80
13 PM xoyo 3.6836 ' «80 to .70
FM bull 15,5087 «02 to 01
M- 4 5.1748 . 070 to 050
FM4 & 4.2186 " o70 to .50
Pl e = 2646422 less than .01
PM off -2.,0869 95 t0 .90




X% AND P VAILUES FOR THE STOCK PRESSURE TRENDS ar = 6
Figure _ Area | X2 P
19 M 4 - and M 0, y -2 to =10 842665 «30 to .20
@ - 4 and @& yo, x =2 to -8 7.41174 30 to ,20
. @M - = and QI x0, y -2 to =10 : 6.8598 «50 to .30
@I - - and @M yo, x -2 to =8 6.7038 ¢50 t0 .30
20 PM - - and PM x0, y-2 to ~10 3.1779 approx. .80
PM * - and PM X0, ¥ -2 to ~10 105800 098 to 095
. M - - and PM yo, x -2 to -8 1,6681 «95 to .90
P - 4 and M ¥yo, X -2 to -8 09733 99 tO. -98
PM - 4 and FM x0, y 42 to #8 \ « 9460 «99 to .98
PM ¢ 4+ and FM x0, y 42 to 48 1.4966 98 to .95
' ! \
P = ps . [
21 M yo, x -2 to -8 and &M yo, x -2 to -8 12,3229 10 to L05 S
FM x0, ¥ -2 to ~10 and GM x0, ¥y =2 to =10 12.9498 «05 to .02 !
22 @& yo, x =2 to =8 1.7246 ~#95 to .90
M x0, y-2 to ~10 more than .99
23 M x0, y -2 to =10 1.3999 98 to .95
M yo, x =2 to =8 3529 more than .99
M xo, y 42 to 48 ~more than .99
24 @t yo, x -2 o -8 3.1349 ' .80 to .70
M x0, ¥ -2 to =10 ' 4,0606 «70 to .50
25 M %0, ¥y 42 to #8 . ‘more than .99
Pl xo0, y =2 to =10 , o 3.1475 'approX. .80
h5 1 «70 to .50°

y0, X =2 t0 =8 T 48,2963
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Schoo!l Survey Cumulative

KEYSTONE VISUAL SURVEY TESTS Record Form No. 3

For Use with No. 46 Visual Survey Telebinocular

Name__ _______ o _______ Sex Referred by o
Approved by . ___
Date__-_____________________ Teacher_______________________ pp y T
A Principal or—-____.___.
Date of birth__________ C. Age _____ M. Age _____ Grade____. .. Wearing Glasses: Yes ___ No____
yr. mo. da. vear. mo ¥r. moe Snellen Standard (if desired)
School ______ . ___ City . With Glasses: Right____ Left____
Address__ _____ e __ Phone . ___. Without Glasses: Right____ Left____
I Underconvergenge_ 2,3,4,100r11 Oyerconvergengc.
Left Only  Right, Only and Low Usable Vision Doubtful EXPECTED Doubtful or High Usable Vision
. IR [ IR IR IR IR IR IR IR
Set at Simultaneous Vision e pd g i h = -
Point o r? M S ® Yo N - Vo W
— — = o 3 T gJ 3 0O 3 73 T W I —e——
Test 2 (DB-8C) i - L * 1 i T *
Vertical Imbolance O O 0 O 0 ( ) H —@-?— ( ) H O 0 O 0
(Far Point) only only o 2 — e . Q0 2 O 2 0 2 P 9 2
- — X 3 —le . x 3 3 . 3 e
Test 3 (DB-9) only 151413 - - 321 : :
Lateral Imhalance I Numbers Only 15 14 13 12 11 10 9 8.7 6 5 4 3 2 1
(Far Point) : .
- Four, widel N Four, . Four, vur, . Four, near Four, widel
Test 4 (DB 4K) only Q . s:;lnlevly E .uoc“hr oxl‘l::: N . llhrnr . Slrn . Inthr o’l‘;tr ::;nn:e;y .
- . three iree N
Fusion o o o) o © o 00 o ("™oo o O |0 o
(Far Point) . only . N . . . . . .
Test 5 (DB-3D) gelo Dots 1 2 3 ¢ 1 s 6 7 8 9 10
Highe Eye. Ussble Left Eye T R L T | B B L R T R
(Far Point) 1s Occluded 50% 65% 84% 0% 1 9% 8% 100% 1029 103% 105%
Teil 16 éDBIFIg]) oo Dots 1 2 3 PR 5 6 7 8 9 10
s e Right Eye B L R ST L B L R T
(Far Point) 1s Occluded 50% 655 #i% 9% %% %% 100% 102% 103% 105%
1 2 3 4 5 6 7 8 Y 1o 1 12
Test 7 (DB-6D) . ) -
S +O¥ 0000+ * |+00
4 only only ® :
Test 8 (DB-13) 1 2 3 4 5 6 7 8 9 10 no e
Instruction Onl
S Far Poin) || 1 cly fu flo [s | u |8 fp L IF
Test 9 (DB_14,) 1 3 4 6 7 8 9 1011 12 ALL
Col i
s er By || F plU {c ]| c]F | ofy |[c | cormect
o Near
Point . H
Test 10 (DB-9B only 1201 - - - - 321 : ) :
Lateral lsnbalance ) I Numbers Only 10 9 8 7 6 3 4 3 2
{Near Point) 3 !
wide! ur, near : Four, Four, ! Four, pear Four, widel
Test 11 (BSK) | [ ] o Funm olvay e il e i @ Liire Nond ®
Fusion o o o) o) o o o0"™ o ["™o00 o 0 |0 o
fNear Point) Y only ® [ ® [ ] ® ® ®
Test 12 (DB-16 1 2 3 4 5 6 7 8 9 10 11 12 513 14 15 16 17 18 19 20 21 22
%Suble Vision—Rig)hl DD D LD DIL D L (D G 'L L|ID|D]|G D L D L
(Near Point) 10% |20% 30% |. 40%: | 50% 60% 0% '80% %% | 100% 102% 103% | 105%
Test 13 (DB-17 1|z [3 [.» 5 | 6 718 9 | 1 [n 2 013 | |15 e e 18 19 20 21 22
v Lo {p |p | LD p|p|pjL {ric{p|lp|t |p | p | 1
(Near Point) 10% |20% | 30% 0% 509 | 60% | 70% 80% ! 90% 100% | - 102% 103% | 105%
Test 14 (DB-15 1 2 3 4 5 6 7 8 9 10 1 12 113 14 15 16 17 18 19 20 21 22
U;hle Vis(ian—Boxh) D |L D D L|D D|L D D|GC L 'L D L|D|L D G D D L
{Near Point) 10% 20% 30% 405 50% 60% 0% 80% 90% 100% 102% 103% 105%
Complete directions for the administration of these tests will be found in the manual provided for this purpose.
The user should familiarize himself with the information giv,elll on the backs of the cards.
Pointing with a pencil or similar object will facilitate greatly the giving of most of these tests — and save time.
Interpretation of the Record Form. When all replies are checked in the. “EXPECTED” column (set off by heavy

lines) visual performance is considered to be satisfactory in so far as this test goes.

Copyright, 1947, Keystone View Co., Meadville; Penna. Reproduction Positively Forbidden. Printed in U. S. A.
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RECORD FORM USED FOR READING FIIM

. LB I_IE}!T-:’}E['H
3;331‘ e P el ol e 4 ’|_ ' o COLIITINTS cl_F _F;C
SHOT I-
Shot I (light.r..;t)
SHOT I ]
shot:II' (1;"hbs)
sﬁom II1I
shes TIT ('1; zhts) _‘
seor 1v AN | 1L
Sl’;oi‘:l Iv (li&l;.t;s)
SHOT V
.Sho'g V (Jights) -
! - '
- {i. | i : ! | 1
| | |
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Light-proof Box

Qutlet to Pneumograph ———————

Jutlet to Rifle /
Switeh -

35m Recording Camera
Recording Panel

Dial to record

Respiratory Changes

Light indicating FP
6 Lights to record —
Pressure Changes

« M ————

P

Recording Panel

Outline diagram of the Recording Apparatus




