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BRIEF

The Problem

P’Hg PRo6LEN 15 To determine the relatn.on of anxiety and stress to marksmanship
proficiency, and tte relation of anxiety to the effects of stress on marks-
manship, soldiers scoring at the extremes of a scale of manifest anxiety
were test fired on the M-1 rifle under "normal" and "stress" conditions.
The firing procedure for nc normal conditions was substantially the same as
in conventional record fire, The stress condition was similar but involved
a series of explosions going off successively closer to the firer during
firing. False instructions were given which stated that a charge directly
in front of the firer's position would be detonated eventually if the firer
did not make three bullseyes 1n the time .-all.lkﬁ:t;eS;J

Ebmermntal Procedure : _ M

The study was carried out in two phases at Fort Bragg, N. C.

In Phase I the anxiety scales were administered to the Ss. In Phase II,
Ss selected on the basis of anxiety scores wére tested in Ml marksmane
ship. Half of the subjects fired in a normal-stress sequence of condi-
tions and half fired in the reverse sequence. All firing was completed
in one day. This design contributed two additional variables, sequence
of conditions and time of day, to t.he two original independent variables,
anx:.ety and- stress ccnd:.tions.

Depende‘nt Variables

Marksmanship proficiency was measured in terms of both accuracy
of rounds fired and rate of firing. Ac¢curacy was scored by the conventionsl
method and by a more precise coordinate scoring method, the latter permitting
the partialing of variable and constant error components of accuracy. Vari-
able and constant errors were determined separately for the horizontal and
vertical coordinates of the target. Rate of firing and other observational
data were obtained through observers who recorded certain aspects of the
firing behavior of each subject,

Results :
‘rThe results of the experiment indicate:

1. that men with high anxiety scores are less proficient in
' marksmanship than men with low anxiety scores.

2. that the relative deficiency in performance of the high
anxiety group results from greater constant error and
more fumbling while changing clips.

3. that greater constant error for the high anxiety group
occurs significantly on the horizontal coordinate of the

target only. ’B
beer
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that high and low anxiety groups do not react differently
to the stress situation in terms cf overall proficiency
or any of its components. g

that the stress conditiomsresult generally in decrezsec
proficiency, the sources of which are increases in ver~
tical constant error, vertical variable error and time
to fire a clip,:

that increases in vertical variable error resulting

from the stress conditions are attributable to im=-

pairment of vision produced by dust thrown up by the
explosions on the range,

that increases in vertical constant error and time to
fire a clip resulting from the stress conditions are
attributable to fear of the situation or to startle
responses to the explosions (tentative).

that vértical constant error is increased by preliminary
firing under normal or stress conditions about which no

.knowledge of performance is gained by the subject

(tentative),

that frequency of firing behavior rated "very nervous,"
(a) is gréater in the high than low anxiety group

(b) is increased by the stress conditions, and {cs is
attributable to fear of the situation (b and ¢ are

tentative) i



INTRODUCTION

A number of investigators (1, 7, and 10} have reported
recently that performance on fairly complex laboratory tasks is
negatively related to manifest anxiety as measured by the Taylor
Manifest Anxiety Scale, or A-Scale (8,9). . The primary purpose of
the present study was to determine whether this relationship would
hold .for a complex military skill, Ml rifle marksmanship. This skill
was selected for study for two reasons: marksmanship proficiency can
be measured simply and objectively as target scores and a technique was
available which permitted the introduction of stress conditions into the
rifle-firing situation. The use of stress conditions would not only per-
mit measurement of the overall effects of stress, but also would yield in-
formation on whether stress and level of manifest anxiety interact to de-
termlne performance.

The technique used for introducing stress and measuring its
effect was a modification of one devised by Weislogel (1l). His general
procedure was to have men fire M-l rifles at silhouette targets, first
under usual record firing conditions, and immediately afterwards under
"stress conditions®, Stress conditions involved a series of dynamite
explosions on the firing range which came closer and closer to the fir-
ing line. Each man was told that a specified number of hits would
cause the explosions approaching him to cease and that he could with-
draw from the firing.line any time he felt his safety to be threatened.
While Weislogel failed to find in a preliminary study any overall effect
on mdrksmanship performance under the stress condition, an examination
of individual scores by the present writers suggested that the subjects
were reacting differentially to the stress situation and that modifica-
tions in Weislogelt!s procedure might bring out individual, and possibly
group, effects. Consequently, bullseye rather than silhouette targets
were used and a more refined scale of measurement was employed. These
modifications permitted first, the scaling of accuracy for some rounds
that would have missed smlhouette targets, and second, an analysis of
accuracy into component measures. An additional modlflcation in Weis~
logelts procedure was to require all Ss to remain on the firing line

_throughout the series ¥ stress explosions. It appeared reasonable to

assume that Ss who withdraw are the individuals most disturbed by the
threatening situation and consequently, the ones whose target scores
would show the most effect of the stress conditions. It was desirable,
therefore, to require all Ss to stay on the line and fire in order to get
a reliable estimate of accuracy .and rate of fire for the individuals who
would desire to withdraw, Lastly rather than have all subjects fire first
under normal and then under stress conditions, the sequence of firing con-
ditions was reversed for half of the subjects., This change was designed
to remove possible confounding effects of fatigue or warm-up from the
effects of the stress conditions,



PROBLEM

The problem is one of obtaining M-l marksmanship scores
under normal and stress firing conditions for subjects who score
dlfferently on the Taylor Anxiety Scale. On the basis of the pre-
vious studies using this scale, it was hypothesized that subjects
with high anxiety scores would be less proficient than those with
low anxiety scores. These findings have generally been interpreted
in terms of Hull's (3) theoretical conceptions which assume that in-
creases in level of anxiety are reflected in a heightened drive level
(D) which, in turn, increases the excitatory strength (E) of all the
- potential responsés in the sitvation. For instances in which the Es for
correct responses are considerably greater than both the Es for incorrect
responses and the reaction threshold (L), increased anxiety is held to be
reflected in increased proficiency. If incorrect responses are stronger
than correct responses, or even if correct responses are stronger but their
Es are not much advanced above L, then increases in level of anxiety are
expected to be associated with decreases in proficiency. )

If anxiety is found to have an ef fect on marksmanship it would
be of interest to know whether stress also is effective, and if so, whether
the effects are in the same direction. Many investigators have assumed
or concluded that stress, like the anxiety variable described above, has
motivating effects on behavior. If this holds, the same reasoning fol-
lowed in the case of anxiety would lead to a prediction of a decrement in
marksmanship proficiency when stress is introduced.

Interest in the question of whether anxiety level is a determiner
of reaction to conditions of stress stems both from opinions of clinical
and mllltary observers and from current behavior theory. A prevailing
opinion in clinical psychology is that anxiety is the core of neuroses
and that neurotics tend to break down under stress sooner than normal
persons. Furthermore, many professional military observers hold the
opinion that men who dcn't hold up in combat can be spotted in pre-
combat phases as "acting sort of queer" or "being a little off". It
roughly follows from these notions that men with high levels of anxiety
might be expected to lose more in marksmanship proficiency under stress
than will men with low levels of anxiety.

The -results will also have a bearing on current behavior theory
in which there is the problem of specifying the manner in which different
motivational variables combine to determine response strength. If nen with
high and low anxiety levels react differently to stress it would impiy that
anxiety and stress do not combine in a simple additive fashion.



METHOD (PHASE I)

Measures of Manifest Anxiety

Two forms of the Taylor a-Scale, modiiied for Army use
(2), were used in the present study. Both instruments are self-
description pencil and paper inventories. The simpler instrument,
the True-False Inventory or TF-Anscale, has the advantage of being
sasily understood by nearly all irmy personnel because the task merely
involves marking a series of statements as either true or false. How-
ever, this very simplicity of a true-false scale enables subjects who
are sensitive to possible implications of their answers to bias their
responses toward giving the best impression of themselves., It has been
found (2) in the case of the TF-Anscale that biasing toward favorable (low)
scores is a function of level of general aptitude, the higher levels show~
ing the most bias. . '

The second instrument, the Personal Check list or FC-inscale,
is a forced-choice form of the A-Sc.le and tends to eliminate sutject kias,
The scale requires the resnpondent to perform the fairly difficult task of
selecting a statement which is most or least descriptive of himself from
a pair of equally favorable statements. Unfortunately, some individuals
in the lower levels of verbal ability have very unreliable forced-choice
scores (2) due, presumably, to an inability to comprehend the technique.
To assure a reliable and valid estimate of the level of anxiety for each
man, both forms of the Anscales were administered to all Ss.

Subjects

Four hundred and nine infdntry soldiers from the 325th AIR,

82nd A/B Division, Fort Bragg, N. C., were assigned as subjects, Thls
‘group represented almost all of the available men in two companies,
Due to the exigencies of military training it was possible to test only
379 of these Ss in Phase I. Three hundred and twenty-four of the 379 Ss
were qualified parachutists and 55 were not. Four Ss were dropped from
the group because their test responses were not properly marked, leaving
a sample of 375,

Administration of the Anscales

Ss were tested in one day in four groups of approximately one
hundred each., Fifty minutes were allowed for the FC-Anscale and thirty
mimtes for the TF-Anscale. There was a ten-minute break between tests
and a half-hour interval between testing groups., In addition to standard
test instructions Ss were told that their test scores would be seen only
by research workers, that their scores would not affect their military
careers, and that they could feel free to give frank answers,



METHOD (PHASE II)

Saiection of Subjects for wifie Firigg

The plan of the experiment called for 75 high and 75 Tow
anxiety Ss to fire in Phase II, and it was also desired to select :n
additional 16 alternates for each anxiety group. To select the high
and low anxiety groups a scatter diagram was made of TF-Anscale and
FC-Anscale scores for all subjects. The following two criteria were
then established: (1) subjects in the high or low anxiety groups should.
not have a score on either scale that fell be;ond the cutiing score for
the other group, and (2) more weight should be given to the TF-inscale
in selecting high ankiety Ss but to ths FC-Anscale in selecting low anxiety
3s. This differential weighting followed from the previously cited find-
ings (2) that TF-Anscale scores are unoiased but more reliable in the high
range of Anscale scores while being confounded by bias in the low range
‘of scores. Following these criteria the lovw anxiety group was selected
from the men falling into the lowest 29% on the FC-inscals and lowest
67% on TF-Anscale, The high anxiety group was selected from the hichest
58% and 27% on these respective scales.,

Ranking of High and Low Anxiety Subjects for Level of Anxiety

For the purpose of equating manifest anxiety hetween experimental
sub-groups that were to fire at different times, it was necessary to rank
order the subjects in each of the high and low anxiety groups. The fol-
lowing procedure was used, The cell in the scatter diagram containing
the highest scores on both tests was ranked one for the high anxiety group.
The remaining cells for that group were ranked in successive order, diagon-
ally, with the cell nearest the TF-Anscale axis receiving the lowest rank
in each diagonal. Conversely, the cell containing the lowest score on
both tests was ranked one for the low anxisiy group. The remaining cells
for this group were ranked in successive order, diagonally, with the cell
nearest the FC-Lnscale axis receiving the lowest rank in each diagonal,
This method of ranking furtler weighted TF-Anscale scores in the high
anxiety grecup and FC-Anscale scores in the low anxiety group.

Assignment of Subjects to Experimental Groups

The 75 lowest ranking Ss in the high and low anxiety groups
were assigned to four firing sessions for Phase II, 19 high and 19 low
anxiety Ss being assigned to sessions I and III and 19 low and 18 high
anxiety Ss being assigned to sessions II and IV, Assignments were made
so that the sum of high anxiety ranks was approximately equal to ths sum

f the low group ranks for each session and so that the sums of ranks lor
- each anxiety group were approximately equal between sessions. Subjects
with ranks from 76-91 were used as alternates for each anxiety group.
These Ss were assigned, in the same manner, four to each anxiety sub-
group in each session. 1In all, twenty alternates were used to replace
absentees in the erecution of Phase II.



Jean srry Classificsetion Katters, Aptitude isrea~l scoves of
aigh ancisty Ss who Tired in shase I1 were ,,00, 25,2, 92,2, ind 7i.0
for sessions I to IV recpectivel; while méan arca-l scores for low
arxiety Ss were 93.1, 95,1, 91..5, and jl.2 for these sessions. Tie
mean area-l score for all high anxiety 35 was equal to the mean for «l
low QnXiet;' SS--93 asc

Sxperimental Vesign-

Table 1

Design of the Dxperiment

Firing Firing Sequence of Condibions
Session N Time Ist Tiring 2nd Firing
_ 19 High Anx,
I A1 (0930) Normal --=> GStress
19 Low 4nx, )
18 High Anx,
IT A2 (1100) Stress =-=3 Nommal
19 Low Anx.
19 High Anx,
ITT P (1L00) Stress ===» Nosmal
19 Low Anx,
18 High &nx,
v PM (1520) Yormal ---» Stress

19 Low Anx,




The compiex factoriul design employed is swmarized in
Table 1. Approximately one-guarter of each of the high and low-
arxiety groups was fired in each of four firing sessions.l
Firing conditions were cowiterbalanced to control for practice or
fatigue effects. Two sessions, I and IV, were fired in a normal-
stress sequence of conditions and two sessions, II and III, were
fired in the reverse sequence (stress-normal}, about 10 mmnates
elapsing between normal and stress firings for each session. Ses-
sions I and II fired in the morning and sessions III and IV fired in
the afternoon of the same day. The time of day variable was necessary
because limited range facilities preventec all Ss firing at once or in
one morning, and because of a concern that subjects firing on different
days might communicate and compromise the stress technique. While each
session was being fired, subjects in the other three sessions were at least
five miles from the flrlng range.

The four variables in the design involve three independent com-
parisons, high vs, low anxiety groups, normal-stress vs. stress-normal
seqpences of CO—EltlonS and morning vs. afternoon. The fourth comparison
is between normal and stress firing conditions irvolving the same subjects.
The relation of anxiety to the effect of stress on marksmanskip will be
indicated, of course, by the interaction term between (firing) conditions
and anx1ety. :

L. Due to errors in the pit, one high anxiety S in each of sessions
I and III fired at the same target under both normal and stress
conditions., These Ss were dropped, leaving 18 high anxiety and
19 low anxiety Ss in each session, To simplify analyses of vari-
ance, subgroups were equated for number of Ss (18) by dropping the
one S in each low anxiety sybgroup who was most moderate in anviety
(highest rank).

2. For purposes of another study, sessions III and IV were retested
on the Anscales in the morning and sessions I and II were retestad
in the afternoon.



PROCEDURE

Ths Firing Range and Targets

Phase II occurred on Known Distance Range #5 at Fort Bragg
which contaired 75 firing lanes. 4l firing was periormed zt a 209
vard range and from the prone pozition. ZEach session fired or alter-
rate lanes, sessions I and III on odd-numbered lanes (1-75) and sessiovs
II and IV on even-numbered lanes (2-Th).

The targets used were type "a" (3' x 6') pased on type "B"
(6" x 6') targets and were mounted on standard target carriage framec,
The "A" target is standard for a 200 yard range, but the larger "E"
target was used to secure position information on rounds that would hLave
missed an "A" target. All Ss received ’reliminary Rifle Instruction as
part of their normal truining routine one or two days orior to the execu-
tion of Phase II,

Range Layout for Stress Conditions

: T7o half-pound charges were implanted one to two inches in the
ground and five yards apart at points 80, 120, 150, 175 yards from the
target in each of the 75 firing lanes. Two l/L pound charges were buried
two to four inches in the ground 190 yards from the target in each lane,
4 dummy charge (inclucing colored wires leading out of the ground) was
set up one yard in front of the firing position in each lane.

During stress firing the charges were detonated successively
closer to the firing line beginning ten seconds after the commence firing
comrmand., The time of detonation, in seconds from the commence firing
comrand, was the following at each distance: 80 yards-10 seconds, 120
yards-lS seconds, 150 yards-30 seconds, 175 yards-LO seconds, and’ 190
yards-50 seconds.

Charges were detonated in lanes adjacent to the firing lamnes,
i.e., for Ss firing in odd lanes 1-75 charges were detonated in even lunes
2-Th. This procedure reduced the degree to which dirt, thrown up by the
explosions, might obscure the firer's vision of the target. It also de-
creased the possibility of a round being deflected by the dirt.

All charges were implanted but not capned in the morning prior
to firing. The charges were connected in parallel and detonated by Army
Engineering personnel from a point in the rear of the range.

Range Personnel

The firing procedn}e was directed by a range officer over a
public address system. The range officer, who was stationed at a contrcl
tower in the middle-rear of the range, was assisted by two assistant range
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officers. A pit and two assistant pit officers supervised the pit letail.
Two observers were assigned to each firer to make specific observations
and to assure that proper safety precautions were taken.

Firiqg_?rocedure: Sessions I and 1V

Zeroing After the firers had assumed the prone position at
their firing pointe and were supplied with two eight-round clips of
ammunition the range officer gave SOP instructions for zeroing rifles.
Ss were allowed up to fifteen rounds to obtain a reasonably centered
shot pattern. Véry few Ss required more than nine zeroing rounds,

Normal Firing. Immediately after the completion of zeroing
Ss were given the following record firing instructions by the range
officer: ®"This is a problem in M-l marksmanship. Each of you has been
given two clips of ammunition, one holding four rounds and one holding
eight, You will fire the four round clip first and you will reload im-~
mediately with the eight round clip and contimue to fire until you fire
all twelve rounds, You have sixty-five seconds in which to fire the
twelve rounds." Most Ss were able to fire all twelve rounds in the 65
second period.

About 10 minutes elapsed between normal and stress firing,
during which time targets were changed and ammunition was reissued.
Firers stayed at their firing points during this peried.

Stress Firing., After record firing Ss were assembled in the
rear of the range where the following points were covered in a brisfing
by E:

(1) Ss were correctly informed that explosions simulating
artillery fire would go off closer and closer to them while they fired
and that they were expected to remain on the firing line for the entire
firing perlod°

(2) Ss were misinformed that the explosives had been found
to be safe previously but that they had been doubled in size and moved
closer to the firer for the present exercise, and (b) that if they fired
three bullseyes the explosions in front of their firing point would cease
and their targets would come down.

Inmediately following the briefing Ss returned to their firing
points where trey were given these instructions by the range officer:
"mAgain you have been given two clips of ammunition, one holding four
rounds, and one holding eight. You will fire the four round clip first,
reload immediately with the eight round clip and continue to fire until
you get three bullseyes and your: target comes down or until you hear the
command "cease fire". Ss were again given 65 seconds to fire twelve rounds
at the same range and from the. same position,
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Firing Procedure: Sesgions II and IIT

Sessions II and III fired under stiress conditions

bef are

. normal record fire, This sequence of firing required two changes in

the procedure described for sessions I and IV, Firsi, the briefing
by E was given just before Ss had completed zeroing. Second, Ss were
informed during the briefing, and again by the range officer just

before normal firing, that there would be no explosions dur
normal firing period,
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The primary dependent variable, marksmanship proficiency,
was analyzed into the various component measures shown in Figure I,
Proflciency, the average score for rounds available to be fired (12
in this case), is a function of accuracy and the number of rounds
fired or the rate of firing. Rate of firing, in turn, is a function
of the speed of firing a clip of rounds and the efficiency with which
‘the rifle and clip are handled in changing clips and avoiding and re-
covering from malfunctions. Measures of fifing speed and clip handling
efficiency were obtained through a rater and a timer assigned to each
subject. The rater checked whether the rifle jammed, the clip was
fumbled, and rounds were left unfired., He also recorded the number of
rounds left unfired. The timer recorded the mumber of seconds to fire
the first round, to fire the first clip, to change clips, and to fire
the second clip.

Accuracy was computed as the average target score for rounds
fired only. Scores were measured in two ways: first, by the conventional
scoring procedure of weighting successive concentric clrcles S, by, 3 and
zero and second, by measuring in two inch units along the vert1cal and
horizontal coordinates of the target the more exact distance of each hit
from the bullseye. These coordinate measurements made possible the par-
titioning of accuracy (actually inaccuracy in this case) into constant
error, the distance of the center of the shot-group from the bullseye,
and variable error, the amount of deviation® of the shot-group around
its own center, The constant and variable error components of accuracy
were compuxﬁd separately for the horizontal and vertical coardinates of

" the target.

3. The measure of deviation used was the standard deviation.

L. For the analysis of accuracy component scores, it was necessary to
drop two Ss from each subgroup. It was felt that targets with only
one or two hits provided an inadequate sample of values for esti-
mating accuracy components for all rounds fired. No more than one
target of this type was found in either condition in any subgroup
and these, along with the target for the other condition for the
same S, were excluded from further analysis. Finally, the S in
the remaining subgroups who had the lowest number of hits for either
of the conditions was dropped. This re-equated the number of cases
in the subgroups (N z 16) and minimized any bias resulting from drop~
ping the Ss above,



RESULTS AND DISCUSSION

The results of the experiment will be considered in three
sections, the first of which presents analyses of both proficiency and
accuracy scores. It is convenient. to discuss the results for proficiency
and accuracy together since they are similar in form, both resulting
from conventional target scoring. The analyses of variable and constant
error will be presented and discussed in the second section, These two
measures of error are similar in that each is measured along horizontal
- and vertical coordinates on a refined equal unit scale. In the third

section, analyses of rate of fire and other observational data will be
conszdered. :

Prpficiency and Accuracy

Group Averages. Means and standard deviations are presented
in Table 2 for proliciency and accuracy scores, These data are given for
high and low anxiety sube-groups in each of the four sessions for both
normal and stress conditions. An inspection of the means indicates that
high anxiety groups have lower target scores than comparable low anxiety
groups in every session for both proficiency and accuracy scores, The
effect of the stress conditions is not as clear cut, however, as that of
high anxiety. For prof1c1ency, means are seen to be lower under stress
than normal conditions in sessions I, III, and IV, but this relationship
is reversed in session II. For accuracy the same results obtain except
that an additional group, high anxiety subjects in session III, shows the
reversed relationship. In general, it may be said that the trends in the
means in Table 2 are in the direction of high anxiety -and stress conditions
being associated with impairment in marksmanship performance, with the
former factor being more consistantly effective then the latter.



Feans and Standard Deviations for Proficiency and Accuracy

Table 2

- (Conventional Scoring)

Low Anxiety

High Anxiety

Normal . Stress Normal sStress
Sequence of  Heasure of ' . '
Session Conditions Marksmanship Mean S, Do Mean S, D rean S, D, " Mean S, D,
Normal Proficiency  hli 17 10.01 39483 13,85 © 34,56 13.26 33.33 13,07
I before '
Stress Accuracy hh.17 16,01 h1,11 12,87 36,28 13,59 3L4.78 13,40
Stress ~ Proficiency 38,67 17.75  39.89 16,55 30,33 19,62  30.89 1h.66
IT before .
Normal © Agcuracy - 10,78 17.16 42,39 16.L8 32,00 19.2h4 34,50 13,58
Stress Proficiency  37.72 12,37 33,28 15,82 33.33 13,88 30,54 12,82
TIT before |
Norial Accuracy 39,00 12,73 3517 1Le57 3Lkl 12,79 3Le67 11,71
] Normal Proiiciency 38,83 15,99 32,28 13,88 | 36,33 13,46 29,50 14,78
v before :
Stress Accuracy 40,06 16,99  33.72 1477 36,50 13,10 30,00 1h.30
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Analysis of Variance, The results of analyses of mean dif-
ferences for the proficiency and accuracy data are summarized in Table 3
as F-ratios., Complete presentations of the analyses may be found in Ap-
pendix B. The method of analysis was somewhat unorthodox in that it in~
volved three separate analyses, one on the factors and interactions which
do not involve the repeated measures for conditions (presented in the up-
per half of the table), a second on the overall effect of conditions (pre=
sented in the center of the table) and a third on the interactions of con-
ditions with the other factors and interactions (presented in the lower
half of the table). The first procedure utilized a factorial analysis
of variance on individual's total scores for voth normal and stress con-
dition, the second used a simple t-test for repeated measures between the
two conditions; and the third was an additional factorial analysis of vari-
ance on individual's relative difference scores between conditions (normal
minus st«mss)° In the case of overall effects of conditions s t-ratios were
squared to obtain F-ratios comparable to those obtained from the two analyses
of variance. Bartletti's test indicated that hypotheses of homogeneity of
variance could be rgaected only in the case of difference scores for proe-
ficiency (p< .05). o

The effects of primary interest in Table 3 are those of anxiety
groups, conditions and the interaction of these two factors. Apparently,
this interaction is not significant for. either measure, and it may be as=- .
sumed that the high and low anxiety groups did not react differentially
to the stress conditions as compared to their performance under the nor-
mal conditions. As indicated by the F.ratios for the majn effects of
anxiety groups, the high anxiety group was significantly® poorer in per-
formance under both conditions than the low anxiety group for proficiency
and accuracy scores., It is also indicated that the overall detrimental ef-
fect of stress is significant for both proficiency and accuracy. However,
this effect is confounded by an interaction for each measure, first, by a
single interaction with time of day in the case of proficiency, and secondly,
by interactions with both time of day and sequences in the case of accuracy.
To determine whether differences between normal and stress conditions hold
for both morning and afternoon, and for both sequences in the case of ac-
curacy, it will be necessary to inspect and test the effects of conditions
for these simpler comparisons,

5. Recent studies by Norton (5) indicate that the degree of heterogeneity
found in this case does not vitiate the use of F-ratios as indicators
of significant mean differences.

6., Effects that can be’ expected to occur by chance less than 5% of the time
(p.-« 005) will be considered to be "statistically significant" throughout
the analysis,
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Table 3

Feratios for Proficicmcy and Accuracy
" (Conventional Scoring)

Marksmanship lMeasure

CxA xS
CxAxT
CxSxT

CxAxSx'i‘

Source Proficiency Accuracy

Anxiety Groups (High-Low) 6,48 6,08
Sequences of Conditions (NS=SN) 1.18 -
Time of Day (AM-PM) - 1,64
Anxiety x Sequences - .
Anxiety x Time 1.L43 1,12
Sequences x Time - .-
AxSxT - -

' Conditions (Normal-Stress) 9,873+ o103
Conditions x Anxiety - e
Conditions x Sequences 3,12 6a39%
Conditions x Time 4,38 Lo 90

#p ¢ 405 #ip < 401
~=} less than 1,00
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The specific effects of anxiety and stress ccnditions for each
Sussion can be seen in Figure II which is a plot of the means shown in
Table 2, 1 The detrimental effect of high anxiety is immadiately ap=-
parent and the lack of interaction between anxiety and conditions is ob=-
served as a tendency toward parallel lines of relationship between anxiety
groups, The interactions of conditions with time of day can be seen to
result from more decrement under stress in session IV than session I (normal-~
stress sequence sessions) and a general tendency toward relatively poorer
verformance under stress when compared to normal conditiohs for session
III than for session II, In the case of session II, performance was ac=-
tually poorer under normal than under stress conditions. The interaction
found for accuracy between conditions and. sequences obviously results from
the reversed relationship of conditions in session II compared to I and
the greater difference between conditions in session IV than III.

7. It will be noted that in every instance the mean proficiency
score is equal to or less than the mean accuracy score. This
follows directly, of course, from the respective computatiocnal
formuilae which are identical unless one or more rounds are left
unfired in which case this number of rounds is added to the de-~

- nominator of the proficiency formula reducing the proficiency
score (see page 12 and Appendix A),
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Table L

Means by Sessions for Proficiency and Accuracy under Normal and
Stress Conditions and Feratios for Comparisons between Condilions

Session N Prpficiency  Accuracy
Means:  F-ratio | Means ~ [Feratio
Normal Stress. Normal Stress.
I 36 3937 36,58 2,28 10.23 37,95 1.82
II 36 34 3539 e 36.39 3845 1,02
IIT 36 3553 3211 3,61 36,72 3he92 -

g 36 37,58 30,89 19,98 38,28 31,86  18,67sx

***-p;:,oci
~= indicates F< 1,00

The results of analyses of the differences between normal and
strecs scores for each session are shown in Table L. Apparently,
means for normal and stress conditions differ significantly only in
session IV, That is, for these measures, the present stress conditions
resulted in decreased performance, relative to normal scores obtained
within the same half hour, only if firing under the stress conditions
followed normal firing and if firing occurred in the afternoon. The data
in Table L4 would seem to suggest a second order interaction between

N 8o Since the conditions by time of day were the only ones for proficiency
' that involved conditions, these effects might have been examined for
pooled morning sessions and pooled afternoon sessions, The analysis
was performed for each session for convenience of presentation. It
should he noted that the F-ratios for afternoon session III were
actually not significant,
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conditions, time of day and sequence of firing conditions. However, it

has teen indlcated in Table 3 that this interaction term is not significant.

Instead, there are separate/ interactions of conditions with sequences and

with time of day for aceuracy. For proficiency, there is only the inter-
action of conditions with tzme of day. {

Stress Condxtlons - Time of Day Interaction. The interaction
effect of time of day with normal-stress differences was not anticipatec
prior to running of the exPerimant, but it became apparent to the experie
menter during the afternqon firing sessions. As previously indicated,
the size of the awallahlg firing range precluded firing all Ss durinv the
morning and the necessity of minimiging communication among Ss prohibited
carrying out Phase II ir a period longer than one day. Thus, two sessions
were scheduled in the ?6rn1ng and two in the afternoon. The stress proe
cedure for setting off) ex91031ons was tested on a morning previous to the
experiment., The size of explosives and the depth to which they should be
implanted were selectéﬁ so that dirt and dust thrown up by the explosions
would not impair S's ¥a51ons during firing. However, the fact that an ex-
cessively hot day wou d cause the ground moisture to evaporate making the
ground loose and dus‘y was not taken into account. Conseguently, there was
a substantial increase in the amount of dust and debris thrown up by the
éxplosions in the af%ernoon producing a noticeable impairment in target
vision for stress cﬁndltions.

It appears then that stress conditions have no significant detri-
mental effect on either proficiency or accuracy other than one of decreas-
ing target V131b111ﬁy. hiny effect of the stress situation toward increas-
ing fear {or eveg of introducing startle) would be expected to yield a
significant decrement under stress conditions in session I also. However,
the effect for this session, although in the expected direction, was not
signlflcant./

réss Conditions - Sequences Interaction. The explanation of
the condltions by sequences interaction in accwracy scores is by no means
as obvioug, ;] aiterally, the interaction indicates a significantly greater
differense,between normal and stress accuracy (in favor of normal condi-
tions) fov/the sessions (I and IV) firing in the normal-stress sequence
than for Ahose (II and III) firlng in the stress-normal sequence., Ancther
1nte;prétatlon of the effect is an overall difference between average sccres
for first firings (normal for sessions I and IV and -stress for II and II11)
and second firings (stress for sessions I and IV and normal for II and III).
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Tﬁis is made clear in the following diagram:

Conditions

Normal Stress
N> S 1st ond |

Firing Firing

. Sequences
S===> N - 2nd 1st
- Piring Firing
I

A conditions by sequences interaction for this experimental design in-
volves & couparison of means for first and second firings irrespective

of conditions or sequences; It will be recalled that no overall diff
erence was found between sequences, A cormparison of sequences for

normal and stress conditions separately indicates that the difference
between sequences is not significant in either case, An investigation

of these differences for each scssion resulted in no significant com-
parisons but indicated; as can be seen in Figure II, that nearly all of
the difference in stress scores between sequences occurs between sessions
III and IV. This difference could be attributed to greater dust during
stress firing in session IV. ¥ On this basis a tentative hypothesis was
entertained which suggested that firing first under normal conditions hal
no effect on subsequent firing under stress, whereas firing under the
present stress condition first was detrimental to subsequent normal firing.
This, obviously, was an hypothesis of 'conditioned stress", assuming that
inappropriate responses to the stress situation transferred to the normal
situation, However, the difference between sequences for normal scores
alone was also insignificant. Only the sum of the differences, on the one
hand between normal scores and on’ the other between stress scores (the
conditions by sequerices interaction) was significant. Therefore, the most
appropriate hypothesis states that firing a series of twelve rounds (under
elther conditions) under the present conditions is detrimental to firing
accuracy (under either condition) about ten minutes later. This is a
difficult hypothesis to develop further, first, because fatigue resulting
from firing would have dissipated within ten minutes, and second, because
increments due to warm-up might have been expected in this situation,
(Practice effects would not have been predicted since no scores or results
were relayed to the Ss until after the second firings.) The most plausible
explanation is that not receiving scores following the first firing evoked
some reaction (anxiety, concern, preoccupation, etc., ) on the part of the

9. DNearly two hours elapsed betweén the stress firings in sessions III and
IV and this period was the hottest part of the day when the highest rate
of moisture evaporation would be expected.
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subjects which impaired performance during second firings.

Summary of Effects on Proficiency and Accuracy. In summary,
it was found that high anxiety subjects had significanily poorer scores
than low anxiety subjects on both proficiency and accuracy, and that scores
for normal and stress conditions did not differ except for session IV (nor-
mal-stress sequence in the afternoon) in which case stress scores were sig-
nificantiy poorer for both proficiency and accuracy. Neither time of day
nhor sequence of conditions affected the scores directly. However, these
factors ibd determine the degree of difference between normal and stress
scores,.

Attention will be turned now t6 consider whether the various
effects found for accuracy occur in all or only some of its components.

Components of Accuracy

Group Averages. As described on page 12 accuracy was partitioned

1nto variable and constant error and each of these measures was determined

along both horizontal (x). and vertical (y) coordinates of the target, This
procedure yielded four components of accuracy--variable error on the hori-
gontal (Vx) and vertical (Vy) coordinates and constant error on these co-
ordinates (Cx and Cy). Means and standard deviations {fr the four component
measures are reported in Table 5 for each sub-group. A graphical pre-
sentation of the means is given in Figure III. A superiority of the low
anxiety groups over the high anxiety groups is seen to be fairly consistent.
Cut of 32 possible comparisons, 28 show superior performance for low anxiety
groups. In terms of magnitude of difference, it is clear that constant
error is more effective in differentiating groups and that Cx is more effec-
tive than Cy. The effects of stiress conditions, sequence of conditions, -and
time of day are not as consistent in terms of direction of mean differences
as is the effect of anxiety.

10, In the usual record firing procedure, an individual is permitted to
refire if his rifle jams. Consequently, rounds left unfired due to
Jjamming are not counted against him, as is true for the present meas-
ure of proficiency. (In the usual procedure rounds not fired due to
slowness of firing are counted agalnst the man.) This accommodation
for jammed rifles is not possible in an experiment of the present type.
Therefore, neither the present proficiency nor accuracy score is iden-
tical with typical record firing scores. For this reason, all of the
analyses were also run on a third type of score which is quite similar
to record firing scores. It consists of an individual's proficiency

score, unless his rifle jammed, in which case it is his accuracy score.

The results for this score were essentially the same as were those for
proficiency.

1l. For these measures N=lé. See the rationale for discarding subjects
on page 8.

-
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Table 5

Means and Standax;d Neviations for Variable and Constant Errors
(Coordinate Scoring#)

Low Anxiety = . High Anxiety

Session Target Normal Stress Normal "~ Stress
Coordinate Mean S, D, Mean S. D, . Mean S, D, Mean S, Do

COnstaht Error

I HOI‘iZg (G ) 201!-& 1.81 2026 1998 352‘9 201? 3078 2052
Vert, (Cg) 2,66 230 3,36 2,06 2,91 2,00 3.50 1,98
II Horiz, (Cx) 2,38 2,95 2,26 1,92 3.7k 3.3L 2,87. 2,30
 Vert, (Cy) 2,97 2.9 3,10 3,61 h,02  3.80 3.78 3,05
IIT Horiz, (Cy) 2,36 2,45 - 3.h7 2,99 359 3,20 3,39 2,82
Vert, (C 20h9 2,95 - 2692 1.8k 3,01 Z,hh 3.35 1,97
w Horiz, (Cy) 2,14  1.L9 1,98 3,23 C . .3.28 2,00 - L03 2,61
Vert, (Cy)  1.83 1,36 k03 2,85 . 2:96 229" L,08 3.5k

: Variable Error
I Horiz, (Vy) 2,64 75 12,83 1,16 3.h2 1,35 2,98 " 1,2}
Ver‘b. (Vy) 2.83 1.06 2583 loBh 3023 looh 2592 ) 985‘
II  Horiz, (V,) 3,16 2,52 3,34 2,02 | 3.0 1,59 3,16 o8l
o Vert, (W) 276 121 208, .9 30 .13 319 1,03
III HoriZo (v ) 36h9 1039 306%-‘ 1968 3.h9 1020 h°29 2‘35
Vert, (V) 3 L L33 1.6 321 123 3,83 1,3
v Horiz, (V.) 3,14 1,16 3.63 1,27 3.52 1,38 3.7h 1.29
Vert, (Vy)  3.34  1.58 3,39 .9 3.8 1,06  L.,31  1.ge

*Contrary to_the canventional scoring scale, high scores on the coordinate scoring scale used to
measure variable and constant error indicate more errof ang s ‘consequently, less effectiveness,

€2
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Analysis of Variance, The statistical significance of overall
mean differences may be seen in Table 6 which presents F-ratios for analyses
of variance on all four component measures, The complete analyses for each
measure may be found in Appendix B. Note that Table 6 is arranged, as was
Table 3, to show in the upper half of the table the effects which are inde-
pendent of conditions and in the lower half the various interactions with
conditions, The overall comparisons between conditions, computed as squared t-
tests are again shown in the center of the table. It is obvious that none
of the effects found for accuracy in Table 3 is significant for all four
component measures. The detrimental effect of high anxiety is significant
for Cx only, while the main effect of stress conditions is significant for
only Vy and Cy. The conditions by time of day interaction is significant .
only for Vy, and the conditions by sequences interaction is significant
only for Cy. On the other hand, it appears that a main effect of tine of
day, which was not significant for the total accuracy measure, is signifi-
cant for both Vx and Vy, Each of the significant effects will be considered
separately; first, in terms of any confounded influences and, second, with
reference to a meaningful interpretation,

The significant detrimental effect of high anxiety on accuracy
was found to be non-confounded and this holds for Cx. The main effect of
time of day on Vx is also non-confounded, However, for this analysis, the
hypothesis of homogeneity of variance cah be rejected at the .01 level,
heterogeneity being quite extreme. Consequently, 2 conclusion concerning
the detrimental effect of time of day on both normal and stress scores
for horizontal variable error (Vx) is merely suggested for further in-
vestigaticn, The significant main effects on Vy of time of day (poorer
in the afternoon) and conditions (poorer under stress) are both confounded
by a significant interaction of these two factors. An analysis which re-
moves the effect of this interaction will be shown in Table 7. Before
going on, huwever, it should be noted further in Table 6 that the signi-
ficant detrimental effect of stress conditions on Cy is confounded by an
interaction of conditions with sequences. A breakdown of this effect to
eliminate the interaction will be presented in Table 8.
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Table 6

F-ratios for Analyses of Variable and Constant Brrors
on the Horizontal(x) and Vertical(y) Coordinates

Variable Error

Constant Error

¥ p 05 . wup £.01

e indicates F< 1,00

Sourcs v, v, C, Cy
Anxiety (High - Low) . 1.55 1.17 74794 1,60
<equences (NS=SH) 119 — - -—
Time of Day (AM=PM) Solily 16,073 - -—
Anxiety x Sequences o~ 1,23 —~— -
anxiety x Time -— — - —
Sequences x Time — - - -
GxSxT —-— — - ——
Conditions 1.10 Lo 97 oT7 .9-149**
(Normal Stress) '

Conditions x Anxiety -— - 1.03 -
Conditions x Sequenceé -— 1.25 - S eli3%
fonditicns x Time 2,22 6l 2,61 2,91
CxGxS - - 1,62 -
¢ x‘G xT 1,26 - _— _—
Cx8xT - - -— —
CxGx5x7T - - — ——
< Hep 001
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Interaction of Stress Conditions and Time of Day for Vy. .obie
7 shows for Vy the effects of time of day separateliy for normal and siress
conditions and the effects of conditiuns separately for morning aw. after-
noon. F-ratios for separate mean comparisons irdicate that for this neas-~
. Jare the effect of stress exists only in the af‘betﬁo.on anc that time of day
is a -significant factor only for stress firing. The impiications of
these results are quite simple. Vertical variable error (Vy) was not ai-
fected significantly by any of the factors under study but was greatly af-
fected by the previously mentioned dust aroused by the stress explosions
~in the afternoon.

Table 7

Means and F-ratios for Non-confourded Effects
of Conditions and Time of Day on
Vertical Variable Error (Vy)

Firing Tiime of Day F~ratio
Conditions M PM
Normal 2.98 3.36 3.39
Stress 2.94 3.96 . 20,70
F-ratio - 9,53
e p T L01 #4p | L001

-indicates F 1,00

12, The F-ratio of 3.39 (p-~..10) between morning and afternoon for
normal firing suggests, along with the similar inconclusive
finding for Vx, that the relationship of variable error to time
of day might be worth further investigation.
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Interaction of Stress Conditions and 3sauences “ur Cy. - Tatle 8
rrecsants the effects of conditions on vertical conmstant errcr (Jyv) for
each session., The interaction of conditions with sequerces requires, of
course, that the effect be broken down by sequences only (I ard IV vs,
IT and III). But, it was desired to demonstrate that the influerce of
the stress condlt*ons toward increasxng error was significant for session
I irdependent of session IV. It is seer in Table 8 that the mean differ-
ence between conditions Zor session I is sipnificant at the .05 Jevel.
Th*s difference is also significant in session IV bul neither of ‘the
- sessions firing in a stress-normal sequerce (II or III) shew significant
_differences between conditions, This analysis of' Cy has two imporgant
-implications for interpretation of the effects of the stress conditions.
~First, whereas for proficiency, accuracy, and vertical variable errir (Vy)
a sign1¢1cant performance decrement under stross was found in the afterw
noon only, for Cy the stress situation is significantly detrimental in
‘session I in addition to sassion IV. It was observed by the exonrlﬁcrmer»
that no noticeable dust was created by the stress explosions in session I
(9 A1.). Also, the analysis showed for Cy that stress eflects cid not
interact with time of day. These facts suggest that, in the case of Cy,
the performance decrement under .stress conditions for sessions I and IV °
is not due to dust from the explosives but, iusiead, may be attributed to:

Table 8

Means and F-ratios for Non- confounded Effects
of Conditions on Vertical Constant Error (Cy)

Means for
- Firing Conditions -
Session Normal ~ Siress Faratio s
T 279 3.4 5.63x
11 3.50 3.4k —
ITI 2.75 3.14 -
* p-7.05 #: pr. 01

-- indicates F. 1.00
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other féctors. The hypothesis of an effect due to firing sequerce,

which was developed in the discussion of an analysis of accuracy

scores, may be applicable for Cy also. That is;, the lack of infor-
mation concerning first firing scores under normal corditions re=-

sulted in impairment of second firing scores uncer stress conditiuns,
However it is clear in Table 8 that the difference between first and
second firing scores occurs only for the normal-stress sequence. The
differences between the overall means for first and second firings

were tested separately for normal or stress conditions and the differ-
ences were not significant in either case, Thece means are shorwn in Figure
IV, the insignificant comparisons being between Ny and N2 and Letween S3
and So+ It follows then that some factor in addition to firing seauence
must be responsible for the differences found between N7 and S» means in
Table 8, One hypothesis is that the stress conditions per se impaired
nerformance. The effect could be attributed to startle responses to the
explosions or to fear of the situation; the design doesn't permit one to
differentiate between these two factors. If the stress effect alone

were present it would be expected that the difference between li] and S3

in Figure IV would be significant as would the difference between Np and
Sp. Neither of these differences was found to be significant. It is con-
cluded, therefore, that neither sequence nor stress effect is sufficient
to produce a significant difference in Cy in the present experimental de-
sign, but that the significant effect of the combination of the two factors
indicates the presence of both.

Rating and Timing Observations

The rating and timing cbservations that were recorded by the
vbservers assigned to each subject are summarized in this section. It
will be noted that each of the tavles includes some data bearing on both
compcnents of rate of fire, namely, firing speed and efficiency of rifle
handling. :

Effect of Anxiety onlﬁatlngs. Presented in Tatle 9 are frequoncy

counts of the number of 5s in eacn anxiaty group who were checked "yes"

on each of the dichotomous rating variables for which observations were
made, It is seen that of the three variables related to rate of fire,

or:ly "fumbled clip" showed a significant difference between anxiety groups,
the high anxiety grous being observed to fum:le clips more often. It is

further seen that for the variable "very rervous", which has no direct ra-
iation to rate of fire, the high anxiety group was again checked ore olten,
(It is of incidental interest‘that no significant relationship was found be-
_tween the ratings--"furbled clip" and "very nervous.")
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Table 9

Number of Subjects in Each Arnxiety Group Checked "Yes" on fach Rating Jeriable

hating Variable Low snxiety High Anxiety X2 P
Rifle Jammed _ 16 . .20 59 -
Fumbled Clip _ 7 2k 11.88 001
Did ‘Not Fire 12 Rds. 20 22 .1 -
Very Nervous 2 11 S.ul .05

Effect of Stress Conditions on Ratings. Table 10 presents
cormparisons between normal and stress corditions for the same rating
data, Chi-square tests of association for repeated measurcments on
the same sulLjects indlcate that no differences between conaitions were
significant for the three variables related to rate of fire, It may be
noted that for the variable "did rot fire all rounds", the difference ap-
proached significance ( p 'J0) with more individuals not completing firinp
under the stress condition. Again it is seen that for the overall rating,
"very nervous," there is a significant difference, in this case with more
Ss being checked under the stress condition,

Table 10

Number,of‘vajects Checked "Yes" on Each Rating Variable Under Bcth Firing
Conditions and Under One Firing Condition But Not the Other (Nzlhk)

Normal Normal Stress
Rating Variable and Stress but not but not x2 , P
Stress Normal

Rifle Jammed 17 13 7 1.80 -
Fumbled Clip b 10 1€ 1,00 —
Did Not Fire 41l Rds, 1 1D 21 3.90 ( ,10;

Yery Nervous L o 10 ¥.10 0L
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to fire and change clips %s BSummarized in Tavie Il. Medien times zre src
for each anxiety group under each condition ard are given both for tne seha-
rate intervals timed and for total time to fire. DNue to the extreme siew-
ness of the distributions, it was necessary to use a non-parasmetric methol,
the median test, for testing the significance of differences betwzen anxisty
" groups and between firing conditions. WNo significant differences were found
between anxiety groups. For ocrparisons between conditions there were no
‘differences of significance in time to fire the first round or time to change
clips, but time to fire each of the clips was significantly (p - .0%) longer
under the stress condition. The total time required to complete firing was
also significantly (p< .05) longer under the stress condition.

Effects of Anxiety and Stress on Time to Fire. The data on time rr:'cq*{f:od

Table 11

Median Firing Time in Seconds for Low and High
Anxiety Groups under Normal and Stress Conditions

Low Anxiety High arxiety

Firing Operation Normal  Stress Normal  Stress
Fire lst Round ‘ o 2 2 2 2
Fire 1st Clip (L rds.) 9 10 8.5 10
Change Clips : 10 .10 10 10
Fire 2nd Clip (8 rds.) 23 2L 20 25.¢5
Total Firing - ‘ _ L5 50 L3.5 50

The remaining measure related to rate of fire whbich has been
considered earlier is the number of unfired rounds left in the clips when
riring was- halted. In fact, this is the measure that directly relates
accuracy with proficiency since accuracy for an S is the ratio of his
target score to the number of rounds fired while proficiency is the ratio
cf’ his target score to the sum of the number of rounds fired plus the nume
ber of rounds left unfired. The distributions of unfired rounds were markedly
skewed and consequently required non-parametric statistics., It was found that
no test was more appropriate than chi-square for Ss with no rounds left ver-
su3 Ss with one or more rounds left and this test has already been considered
in Tables 9 and 10, It will be recalled that it was determined then that no
significant differences were present between csither anxiety groups or firing
conditions, although for the latter, slower firing under stress conditions
approached significance, The total number of rounds left unfired for the
normal and stress ccnditions respectively were 29 and L3 for the low anxiety
group and 51 and 71 for the high anxiety group.

In the rating and time to. fire data there was no effect of time cf
day or sequence of conditions present, either as a main effect or as an inter-
action. Also, there was no interaction present between anxiety and stress.




Zerersl Implications

. Summary of Slgnlflcant Findings. Because data bearing on numerous
r°1a,10ﬂsh1ps between independent and dependent variables were wovided by
the experinent and consicered in the analysis of resul's, Table 12 is -re
serted to summarize and to focus the reader!s attention upon those reiat;on-
snips tnat were found to 02 statistically significant,

Effects on Proficiency. It is seen that proficiency (the overall
measure of marksmanship when ar S is preserted tte tasiz of placiny a ziven
number of rounds in the target bullseye in a time limit) was found to be
impaired, first, by high anxiety and second, by dust created by the stress
condition erplosions. As shown in Takle 12, these two factors impair pro-
ficiency primarily through detrimental effects on the accuracy comwcnent of
proficiency. It was found that dust had no noticeable effect on the second
component of proficiency, rate of fire, and, although high anxiesty tended
to decrease this measure, the difference between anxiety groups was not
significant,

Anxiety Effects on Accuracy Components., The negative relationshiv
between anxiety scores and total accuracy indicates that rounds fired by
the high anxiety subjects tended to pass through the plane of the target at
greater distances from the bullseye than was the case for the low anxiety
subjects. The nature of this difference between anxiety groups vas de-
limited by the finding that this effect is significant for only one of the
cmmmmswawwmmnmﬂmnwmmm*wmmmeww(%) Althougt.
the group differences for the other three components are in the exnected
direction, and would contribute to the total effect on accuracy, they are
‘not significant and it cannct be concluded that anxiety affects either vari-
able error (Vy, Vy) or vertical constant error (Cy). This findirg with re-
spect to variable” error may be of particular intersst to those experimenters
using t§§ Taylor A-Scale to test implications of Hull's theoretical system.
Spence has suggested that variable -error in the rifle firing situation
may be a measure of the oscillation (_0,) factor in Hull's system. And it
would be expected from Hull's position, which states that 9 is independent
of motivational varlables, that high and low anxiety groups would not differ
"significantly on variapnle -error. This was the finding in the presert ex-
periment, It is suggested that ihe use of variable error in marksmarshlp
and in other perceptual-motor tasks may :in the future provide a useful tech-
nique for studying gOp .in human behavior.

13, Personal communication.



Table 12

Significant Relationships in the Experiment
(all effects are detrimental to performance)

Dependent Variables

~ Accuracy - : Rate of Fire .

Profie | Total Variable Oonstant | Total Clip  Firing | Rated
Factors ciency : Error Error ~ Fumbling Speed Nervousness

v v c. ¢ ,

X ¥y X Y
Anxiety Scores x x x x x
Visval Impairment
Due to Dust x x X
Startle or Fear (x)+ (x) (x)
Previous Firing with
results unknown to S (x)

#* () indicates tentative interpretation

ne



. The reason for high anxiety being associated with constant
error o the horizontal coordinate of the target (C_) but noi on the
vertical coordinate (C_) is not apparent, It shoul® be made clear
that a significant dif¥erence between groups on constant error does
not imply a difference in a specific direction, This implication is
‘precluded by the definition of constant error, which is the absolute
distance from the center of a subject!s shot group to the center of
the bullseye,. For example, shot groups centering 3.2 units above the
bullseye have the same vertical constant error (C,) as shot groups
centering 3.2 units below the bullseye. In fact,” the relative
(directional) difference between anxiety groups, which is not reported,
was found to be insignificant, The difference between anxiety groups
on Cy indicates, therefore, only that high anxiety Ss had shot groups
in which the average mean deviation from the bullzsye centor uas’
greater, on the average, than these values for low anxiety Sse.

. The question remains as to why the anxiety groups differed in
this respect on the horizontal but not on the vertical axis of the
targete Relative to the fairly warranted positions, first that anxiety
is a drive (D) variable (8), and second, that drive and habit strengths
multiply to determine performance (3); at least one of the following
two concitions is implied by the finding in question: (a) that while
the hierarchy and absolute strengths of right and wrong habits are
about the same for the two anxiety groups they differ between C_ and
C.s and (b) that while C, and C_ are about equal in this mannery they
bgfh differ between the %ﬁo anx!éty groups. Unfortunately, sufficient
information is not available to reject one of these alternatives. It
may be noted that C_ is the variable which is affected by windage,
suggesting that wind might somehow account for the finding that anxiety
group differences were found for Cy but not C_, The effect could not
be a direct oney, however, since low and high Inxiety groups fired at
the same time, On the other hand, wind could have been indirectly
responsible for this difference at the time of zeroing rifles and
making corrections in the sights for windage., If it is supposed that
high anxiety Ss were less accurate than low anxiety Ss in zeroing their
rifles horizontally to compensate for windage but that the groups did
not differ in accuracy at the simpler task of zeroing vertically to.
prepare for the standard range distance; the results obtained would have
been expected, This hypothesis might be checked by comparing C_ for
high and low anxiety Ss both on self-zerced and bench-zeroed rifles.
For a non=-standard range distance, selfe-zeroed rifles might be expected
to yleld a high~low anxiety difference for C_ also, An alternative but
less specific hypothesis is that high anxiet§ Ss were more concerned
with the explosions during firing and either glanced horizontally more
frequently at the lines of explosions or attended more to left-right
peripheral vision, Consequently, horizontal accuracy in keeping the
siglhts and bullseye aligned was impaired for this group.
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Other Effects of Anxiety. The other variables related to
anxiety scores were clip fumbling and ratings of nervousness., Both
relationships were found to be positive and are in line with current
clinical and theoretical notions as to the nature of anxious behavior.
Studies (L, 6) of the effect of stress or situational anxiety on the
accuracy and speed components of performance have reported that this
factor decreases accuracy (increases errors) while increasing speed.

This state of affairs may account for the present finding of a differ

ence in clip fumbling (errors) between anxiety groups and no difference

in speed of changing clips; faster movemerts by the high anxiety group
.compensated for more inappropriate movements, However, the speed of

firing a clip was not significantly related to anxiety scores. To ac-
count for this in terms of the above notions, it would be necessary to
hypothesize more inappropriate responses between the aiming of each round
‘on the part‘of the high anxiety groun that counteract the faster speed of
movement in this group. There is some evidence for a difference between
anxiety groups for appropriateness of responses during firing of the clips.
More high anxiely Ss were Judged to be "very nervous' by observers and these
ratings were found to be unrelated to instances of clip fumbling. Since
times to change and to fire clips were also not related to anxiety, it is
assumed that the behavioral differences reflected in the ratings of nervous-
ness occurred primarily during actual firing.

Effect of Dust on Variable Error. The impairment in accuracy
attributed to dust in the alternoon stress conditions was found to occur
significantly on vertical variable error (Vy) only. It is easily seen
that the effects of dust in impairing vision would be at random with re-
spect to direction and would not produce constant errors, It is not as
apparent why the increase in random error would appear on the vertical
axis (Vy) alone. One hypotliesis is that the rifle, during the aiming and
trigger pulling procedure, varied over a wider range vertically than hori-
zontally. This results from the standard nrocedure of moving the rifle
vertically in the act of lining up sight and targets. Reduction of fine
discriminability by the dust would, by producing random errors along the

T

vertical axis, increase Vy.

Stress RBffects. " The detrimental effect of stress conditions
on cy,,firing speed, . and nervousness have been attributed to startle
or fear because they did not increase as dust effects increased. Each
of the relationships are to be treated as tentative, however, for vari-
ous reasons. First, it was found that the effect on C, was contingent
upori the normal-stress sequence of conditions and the conclusion of a startle
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or fear effects was closely tied to thz conclusion of an impairing effect
of firing second, It is considered that ooth of these relationships
should be verified before any effort is made to develop their implicz-
tions, WWhy these effects would be on C_ only is not clear. Slower
firing under stress conditions isy; on tfle surfacey; contradictory to tne
studies (L, 6), last cited, However, the best hypothesis for this

" effect is that Ss anticipated the next explosions ané held their fire
momentarily until the blast was over., It is slso conceivable that
startle responses increased the time required to get set for firing

the next round, Since the effect did not increase withh the presence

of dust, it cannot be attributed to that factor, It is also quite
tentative that the stress conditions aroused fear which was observed

by the raters, The significant association between the stress condition
and ratings of nervousness is confounded because the raters were aware
of the change in situations from normal to stress conditions and, on
this basis, could have "read into" the behavior of the Ss the nervous-
ness recorded on the rating forms,

It has been stated prev1ously that all of the twelve
significant relationships shown in Table 12 indicate impairing effects
of the experimental factors. It may be interesting to note finally,
that, of the twenty-eight insignificant relationships only eight
reverse this trend, These eight reversals were of the nature that
high anxiety and dust were both associated with greater "firing speed",
"startle or fear" was associated with decreased variable error on both
coordinates and less clip fumbling, and "previous firing with results
unknown to S" was associated with decreased variable error on both
coordinates and a faster "rate of fire'".
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APPENDIX A

Computational Procedure for Proficiency;
Accuracy, and Components of Acciuracy
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Proficiency was measured using the conventional procedurs of weignting
each hit 5, L, 3, or O according to its degree of deviation from the target
center. ' With this procedure misses and rounds not fired are weighted zero;
The total proficiency score was computed by summing ihe scoring weights for each
of the twelve rounds available to the firer for each firing condition. It is
‘ feasible, and preferable in some cases, to compﬁte a proficiency score as the
_average score per round available. .The conventional summed score was used in
the present case because the number of rounds available to eéch man was the
same.

Similarly, accuracy may be computed as the average score per rounds fired,

In order to make accuracy scores of the same magnitude as proficiency sccres,
accuracy was computed by multiplying proficiency by the ratic of rounds avail-
" able to rounds fired, Using the fqllowing t_erms:

conventional proficiency,

P =z
A = conventional accuracy,
W = scoririg weight for each hit,

Np = 12 - number of rounds available for firing,
Np = number of rounds fired,
Ny = number of hits,

The formulae for proficiency and accuracy are:

. P - i Wz
L = Ny p Ny -
- P - (LW)Q
Y (P) g eu

NF‘ is computed by subtracing the mumber of rounds left in the clip
(recorded by observer) from NA; Therefore, Np 1s necessarily equal to or less
than Ny and it is obvious that accuracy will be equal to or greater than pro-

ficiency.
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in additioﬁ to conventional scoring, each hit ﬁas'measured_for distancé
from the bullseye on both the horizontal and vertical axes., These measuremeﬁts
were made in two-inch units. This offered four advantages ovar‘conventiénal
scoring. First, it proviaed eighteen rather than four scoring intervals for
hits; second, it gave an indication as to direction of error for. each hit;
third; it permitfed a partitioning of total error.iﬁtc the component measureS—-

varisble and constant error; and fourth, it permitﬁéd a further partitioning

‘of both variable and constant error into horizontal and vertical factors.

Variable error is defined as the standard deviation of the shot group while
constant error is tre distance of the cen@er of the ;hot group from the bullseye.,
Before each firiné session identifying data were marked on each target
and iﬁmediately after firing conventional scores were indicated on the targets
by the pitﬁdétail. Targets vere fhen removed from the frames and put into two
stacks, one each for normal and stress conditions,; and each stack of targets
was rolled and tied, Later, éll rolls were transported to a room equipped for
the additional scoring procedure described'aboveo’ Targets were then scored by
unrolling one roll (about 37 targets) on the floor and weighting the edges so
that the targets would remain flat., A plastic transparent template which was
six feet square-~the size of the target, was placed over the top target in
the pile., The template was graduated in two-inch units in one direction with

numerical designations increasing from bottom to top. It was first placed so

that scale lines ran the width of the target. In this way, the distance of

each hit from the bottom of the target (verticai scale) could be read off
rapidly by one clerk. A second clerk recorded the values in one column of
a data sheet, Next, the template was turned 90 degrees clockwise and the

distance of each hit from the left side of the target was read and recorded



k2

in a second column on the‘same data sheet. when the scoring of each uarget
was completed, the target was removed from the stack and the next target was
sc¢ored in the same manner, |

When all targéts had been scored, the data sheet contained two columns
of values for hits, one for vertical deviations from the bottom of the target,
and a second for ﬁoriZontal deviations ffom the left edge of the target., The
number of founds available (Np) and fired (NF) and the number of hits (NH)
were also enteyed on the data sheets. By subtracting Ny from Np it was
possible to compute the number of misses (ﬁM) for each target. It was not
nebessafy to measure simultaneously or even to associate the vertical with
the.horizéntal'reading for the same hit., This additional information w;uld
be required only if one desired to know the correlation between horizontal
and vertical efrors, which was not the case in the present study.

The formulae according to which the horizontal and vertical compqnents
of variable and constant error were computed are given below,

Let:

horizontal unit distance of a hit from the arbitrary origin¥

X

Y vertical unit distance of a hit from the arbitrary origin,

Bx = X value of the center of the target,

By Y value of the center of the target,

Cx = constant error on the horizontal axis,

Cy constant error on the vertical axis,

# The arbitrary origin was the lower left corner of the target. It, of

course, may e any convenient point in the plane of the target.
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constant errcr in tw dimensions,

Vx = variable error on the horizontal axis,

'V‘y = variable error on the vertical axis,

<3

constant error in two dimensions,
Tx z root-meari-square of the shot group from £he bullseye

on the horizontal axis,

"

Ty = root-mean-square of the shot group from the bullseye
on the vertical axis, .
T = root-rnean-square of the shot group from the bullseye in

two dimensions,

The variables cf primary interest are constant and variable error on
both vertical and horizontal axes for rounds fired (CFx, CFy, Vrx, and VFy)e
To obtain these measures it was nacessary first to compute the squares for these

measures for hits, The formulae for the latter meésures are:

: 2
. nl .
GQHXE (.i‘Bx)z
Cpp= (¥ -3y
. ‘ 2
2 _ (=X)
szg = ix” - '1Rf““ s . : - s
NH-l '
2 (2"3'&')2
2 .
NH-I

The horizontal and vertical components of these measures were added
(using the Pythagorean theorem) to cbtain squared constant and variable

errors for hits, -

2 2 2
2 2 2
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J'ext, the meun=squares of the shot group of hits from the bullseye aiong
the two axes were computed by the formulae:

X2 - 2B,X + Ny (8,)?

T2H .
X lﬁi

. e ¥ - 2ByT + Ny (BY)Z.
Hy Ny '

Using the Pythagorean thasorem, thesé values for each axis were added to
obtain the meanesquare of the shot group of hits from the bullseye irrespective

of direction:

:112 = .22

H Hx * THy’

In the case of misses, it was known only that they deviated sufficiently
{19 or more units) from the ;enter of the target to be off-targeta*' Fothing
was known concerning direction of misses, Componenf measures; therefore; could
not be adjusted separately for misses because each measure is dependent upon
direction of error.' It is necessary to make these adjustments indirectly and
a number of indirect adjustments for misses were examined, The method which
cppeared to be most warranted, and which was used, involved (a) assigning the

same total deviation-from-target-center value to each miss and (b) using a value

# The target area for scorable hits was assumed to be circular with a radius of
18 uﬁits (3 feet). Sincé the targets were square, there were some hits in the
corners of the targets that fell cutside of the scorable range. rieasurements
vere not made on these hits and they were treated as misses. A circle drawn

on the scoring templaﬁe clearly delineated the circular scoring area,
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immedigtel?'off the target edge. Any bizs iavolved in this method would irnrcve
'scores ﬁore for individuals having either mire misses or more extreme misses,

The bias would tend, therefore, to decrease group differences rather than
accentuate then, | '

The deviafion-from—target-qenter value assigned tolgach miss in the present
case wa§ ?0 uﬁits «w two units off target. For each target this value was squared
and multiplied by the number of misses, the formula being: N, (20)2 or Wy (&oo)._
The mean=-square around thé bullseye for all rounds firedeould<£hen be equal
‘ to the-sum of squares aréund the bullséye for hits plus éhe sum of squares for.
misses divided by the number of rounds fired: |

72 = My (72p) * M (L00)

F - . .

At this point, two assumptions are introduced, Thzse are (a) that the ratio

of horizontal to vertical mean-squares is the same for all rounds fired as for
hits, and (b) that the ratio of squared constaht to squared variable error is

the same for all rounds fired as for hits, It follows from these assumptions that:

2 _ a2 o2 -2 a2
2 42 a2 2 2 °

Therefore the desired values for conétaﬁt and variable error on each axis
for all rounds fired may be computed by the following formulae:

2 2
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'APPENDIX B

Degrees of Freedom and Mean Squares
for Analyses of Summed and Difference
Scores for Firing Conditions
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Table B=I

Degrees of Freedom and Mean Squares for
hnalyses of Gonventional Proficiency and Accuracy

'Mean Squares

Source : dt, Proficiency Accuracy

Conditions Summed Scores
(Normal plus Stress)

Anxiety (High A vs, Low A) 1 L678.75 L203.37
Sequences (N =3 S vs, S =3 N) 1 850,Lk 30425
Times (AM vs, Fi) 1 L27.11 1133.L5
Anxiety x Sequences 1 16,00 JI1
Anxiety x Times 1 103kL.69 77169
Sequences x Times 1 2h5. 1L . 210,25
AxSxT E 1 26 49,00
Within : , 136 721,89 691,60
Total y 143 a

Conditions Difference Scores

(Normal minus Stress)

‘Anxiety 1 10,11 98,3l
Sequences 1 434,03 788,67
Times . . 1 608, 60l 3L
Anxiety x Sequences 1 L.69 18,06
Anxiety x Times - 1l 1.00 8,51
Sequences x Times 1 1.36 3,06
AxSxT i 84,03 -h3.3h

- Within ' - 136 139.03 123.L3
Total o 3 ' -
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Table BeII

Degrees of Freedom and Mean Squares for Analyses
of Horizontal and Vertical Variable Error

Mean Squares

Source df, Horizontal (Vx)  Vertical (Vy)

Conditions Summed Scores
- (Normal plus Stress) .

Anxiety (High A vs, Low A) 1 9420 1,58
Sequences (Il => S vs, S => N) 1l 8,88 023
Times (AM vs, PM) 1 32,31 63,00
Anxiety x Sequences 1 1,03 .81
Anxiety x Times 1 206 . 1.h5
Sequences x Times 1 023 © W06
AxSxT 1 2,08 T.69
Within 120 5.9 L 3.92
Total 127-
" Conditions Difference Scores
(Normal minus Stress)

Sequences 1 037 2053
Times 1 To37 13.00
Anxiety x Sequences 1 2,62 +20
Anxiety x Times 1 Lo17 l.24
Sequences x Times 1 =00 , 07
AxSxT . 1 1,32 5.2k
Within : 120 3.32 2,02
Total ' 127
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Table B=III

Degrees of Freedor and llear. squares for Analyses
of Horizontal and Vertical Constant Error

df,

Mean Squares

Source Horizontal (Cx) Vortical (Cy)

Conditions Sumned Scores

(Normal plus Stress)
Anxiety (High A vs, Low A) 1 5.1k . 36,23
Sequences (N = S vs, 8 = K) 1l W02 »20.
‘Times (Al vs, PM) . 1 7.65 5.32
Anxiety x Sequences S 002 .00
Anxiety x Times 1 3.68 2.3k
Sequences x Times 1 2,79 13,07
Within - 120 18,63 22,63
Total 127
Conditions Difference Scores

(Normal minus Stress)
An.}:le‘hy 1 6.73 50117
3equences 1 6,00 31.30
Times 1 l?ooh 16&?5
Anxiety x Sequences 1 10,52 1,07
Anxiety x Times 1 o3l .96
Sequences x Times 1 142 2,56
AxSxT 01 1,00 3.22
Within 120 6.51 5.76 .
Total 127 '




