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BRIEF 

The Problem 

11TH£ PRo~~ To determine the relation of anxiety and stress to r..arksmanship 
proficiency, and tm relation of anxiety to the effects of st,ress on marks­
manship, soldiers scoring at the extremes of a scale of·manifest anxiety 
were test fired on. the M-l rifle under "normal" and "stress" conditions .. 
The firing procedure for==n'Oiin&lconditions 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 i~ the time Sllotte~ 

Experi.mental Procedure . · ~ 
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 were tested in M-1 marksman­
ship.. Half of the subjects fired in a normal-stress sequence or· condi­
tions· and half fired in the reverse sequence .. All firing was completed 
in one ~. This design contributed ~wo additional variables, sequence 
of conditions and time of day, to the t-wO original independent variables, 
anxiety and. stress ~onditions. 

Dependent Variables 

Marksmanship proficiency was measured in terms of both accuracy .. 
of rounds fired and rate of fir_ing. Accuracy was scored by the conventions! 
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 targeto Rate of firing and other observational 
data were obtained through observers who recorded certain aspects of the 
firing behavior of each subject .. 

ResUlts 

r The results of. the experiment indicate: 

1. that men with hig~ anxiety.scores are less proficient in 
marksmanship than men with low anxiet.y scores. 

2.. that the relative defici~ncy in performance of the high 
anxiety group results from greater constant error and 
more fl.mibling while changing clips. 

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

b')~tt" 
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8. 
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that high and low anxiety grv11p;; do not react differently 
to the stress situation in ternli3 ci ove1·all profic~ency 
or any of its components. 

that the stress conditioreresult generally il1 dacr'~(?.S<:lc. 
proficiency, the S01.ll'ces of ~Thich are increases in ver­
tical constant error, vertic~ variable error and time 
.to fire a clip.· 

that increases in vertical variable error resulting 
·rrom the stress conditions are attributable to im­
pairment or 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 f'rom the stress conditions are 
attributable to fear of the situation or to startle 
responses to the explosions (tentative). 

that vertical constant error is increased by preliminary 
firing urider normal or stress conditions about which no 

. knowledge or performance is gained by the subject 
(tentative). 

9. that frequency ·or firing behavior rated "very nervous," 
(a) is greater in the high than low a.p.xiety group 
(b) is increased by the stress conditions, a~d (c) is 
attributable to fear of the situation (b and c ..t.re 
tentative )j_ 

. ~-



··- INTRODUCTION 

A number of investigators (1, 7, and 10) have reported 
recently that performance on fairly complex laborator,y tasks is 
negatively related to ma:ni:f'est anxiety as measured by the T~ylor 
Mari.itest 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, M-1 rifle marksmanship.. This sltill 
was selected for study for two reasons: marksmanship proficiency can 
be ~easured simply and objectively as target scores and a technique was 
available. which pennitted the introduction of stress conditions into the 
rifle-firing situation. The use· of stress conditions woald not only per­
mit mea.Surement of the overal-l effects of stress, but also would yield in­
forma. tivn on whether stress and level of manifest anxiety interact to de­
termine performanceo 

The technique used for introducing stress and measuring its 
effect was a modification of one devised by Weislogel {ll). His general 
procedure was to have men fire M-1 rifles at silhouette targets, first 
under usual record firing conditions, and immediately afte.rwards under 
"stress conditions". Stress conditions involved a series of dynamite 
explosions on the firing range which came closer and closer to the fir­
i.zlg 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 preliminar,y stu~ any overall effect 
on marksmanship performance under ·the stress condi t:ion, 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 We:islogelts procedure might bring out individual, and possibly 
group, ef'fects. Consequently, bullseye rather than silhouette targets 
were used and a more refined scale ·or· measurement was employed. T'nese 
modifications. permitted first, the scaling of accur~cy for some rounds 
that would have missed silhouette targets, and second, an analysis of 
accuracy into component measures. An additional modification in Weis­
logelts procedure was to require all Ss to remain on the firing line 

. throughout the series '1: stress explosions. It appeared reasonable to 
assume that Ss who vli thdraw are t.he individuals most disturbed by the 
threatening situation and consequently 1 the ones whose target scores 
would show the most effect of the stres.s .. conditions. It was desirable, 
therefore, to require all Ss to sta~· on the line and fire in order to get 
a reliable estimate of accuracy .and rate of fire for the individuaJs who 
would desire to withdr~wo Lastly rather than have all subjects fire first 
under normal and then under stress conditions 1 the sequence of firing con­
ditions was reversed for half of the subjectso This change was designed 
to remove possible confounding effects of fatigue or warm-up from·the 
effects of the stress conditionso 
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PROBLEM 

The problem is one of obtaining 1-1-1 mat·ksmanship scores 
under normal and stress firing conditions for subject.s who score 
differen~ly 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 refiected in a heightened drive level 
{D) which, in turn, increases the excitatory strength (E) of all the 
potential responses in the situation. 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 an.xiety 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 effect on marksmans!lip it would 
be of interest t_o know whether stress also is effective, and if so, whether 
the effects are in the same direction~ Many investigators have assumed 
or concJ:~.~.ded 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 pre~iction of a decrement in 
marksmanship proficiency when stress l,s introduced. 

Interest in the question of whether anxiety level is a determiner 
of reaction to conditions of stress. stems beth from opinions of clinical 
and military observers and from current behavior theory. .h. 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, ma.r7¥ professional mili ta.::y observers hold the 
opinion that men who don•t hold up in combat can be spotted in pre-
c-ombat phases as 11 acting sort of queer" or "being a ·little off" • It 
roughly follows from these notions that men ·with high levels of anxie~ 
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 specir,ying the manner in which different 
motivational variables combine to determine response strength. If x.,en with 
high· and low anxiety lev49ls react differently to stress it would imply that 
anxiety and stress do not combine in a simple additive fashion. 



'-· 

·._. 

5 

HETrtOD (PHASE I) 

r1easures of Xar1ifest Anxiety 

'.:'wo forms of the Taylor ~~.-Scale, :nodil"ied for Army use 
(2), were used in the present studyo Both instruments are self­
description pencil and paper inventories. The simpler instrument, 
the True-False Inventory or TF-Anscale, has the advantage of being 
easily understood by nearly all .i-l.rmy personnel beca.use 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-P~scale tha~ 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-Anscale, 
is a forced-choice form of the A-5c-..le and tends to eliminate subject 1:: ias. 
The scale requires the respondent to perform the fairly difficult task of 
selecting a statement·which is most or least descriptive of h~nself 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, presUl'nably, 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 hundxed and nine infantry soldiers from the 325th AIR, 
82nd A/B Division, Fort Bragg, N. C~,-were assigned as subjects. This 

·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 a,nd twenty-four of the 379 Ss 
were qualified parachutists and 55 were noto Four Ss were dropped from 
the group because their test responses were not properly marked, J .. eaving 
a sample of 375o . 

.ii.d~inist.ration of the Anscal~s 

Ss were tested in one d~ in four groups of approx~nately one 
hundred each. Fifty minutes were allowed for the FC-Anscale and thirty 
mihutes for the T.F-Anscale. There was a ten-minute break between tests 
and a half-hour interval between testing groupso 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 answerso 



.HETHJD ( ~HASE II) 

~ection of Subjects for Rifle Firing 

The plan of the experiment called fCJr 75 high and 75 :.vw 
anxiety Ss to fire in ?ha.se !I, and it was also t.lesired to sele.::t .:.n 
additional 16 alternates for each anxiety group. To select the hibh 
and low anxiety groups a scatter diagram was made of TF-Anscale and 
FC-Anscale scores for all subjects. T:1e following two criteria were 
then established: (1) subjects iz:l the high or low anxiety groups should. 
not have a score on either scale that fell be~-ond the cutting score for 
the other group,- and· '(2) more wei&ht should be given to the TF-Anscale 
in selec;ting high an.·~dety Ss but to the FC-Anscale in selecting low anxiety 
Ss. This differential weighting followed from the previously cited find­
ings (2) that TF-Ansca1e scores are ~iased but more reliable in the high 
range of Anscale scores while. being confounded by bias in the low range 

·of scores. Folloldng these criteria the 1~1 anxiety group was selected 
f~o1n the men falling into the lowest. 29% on the FC-Anscale and lowest 
67% on TF-Anscale. The high anxiety group was selected from the h~~he~t 
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 between 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. Tne cell in the scatter diagram containing 
t~e 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 th~ cell nearest the TF-Anscale axis receiving the lo~st raru( 
in each diagonal. Conversely~ the cell containing the lowest score on 
both tests was ra~lked one for the low anxiety group. The remaining cells 
for this group were ranked in successive order, diagonally, with t.he cell 
nearest tr~ FC~~scale axis receiving the lowest rank in each diagonal. 
This method of ranki.'lg further weighted TF-Anscale scores in the high 
anxiety ercup and FC-Anscale scores in the 1ow anxiety group. 

Ass:i.grunent of Su.bjects 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 ~nd 19 low and 18 high 
anxiety Ss being assigned to sessions II and IV. Assignments were 111ade 
so that the su•n of high a~j.ety ranks was approximately equal to the. sum 
of t.he low group rarJl(S for each session and so that the sums of ranks f:or 

. each ar.xiety group were approximately equal bet'tieen sessions. Subject.s 
'With ranks from 76-91 were used as alternates fo:r each anxiety group. 
These Ss l>rere assigned, in the same manner, four to each anxiety sub­
group in each session. In all, twenty alternates were used to replace 
absentees in the o~ecution of Phase II. 

• 



7 

:Ie..m !irr:t~ CL>.ssifL~:~t.i0r, B<..tt.er::··, Aptitu~ie AH:la-I .;c.)re<::: -;::,£' 
!'Ji.;;h an:.d£ty Ss 'IJho fired in .-··h...1se :1 i:er~ 7! .. aor;, 96.2, 92.2, :ar:d 
for seJ::>i)ns I to Iii re~p~ctivel~· wLi1e m..t·an JJ.rt:..a-: :;;.;ores .for 1o-:v 
anxiety Ss were 93.1, Q$.1, 9: .• 6, and 14.2. f;.>r these sessions. The 
mean Area-! score for all high anx:.ety 5 '3 v:9.s <:!q~al to the mean for <::.11 

• . low c..nxiety s s --93 o5 0 

Sxperi~ental Design· .. 

Table 1 

De;sign of the Experiment 

Firing Firing SF.Iquence of Conditions 
Se&sion u Time lst Firing 2nd Firing 

19 High Anxo 
A~f (09.3J) I Normal --7 Stress 

19 LotJ Anxo 

·-... -

18 High Anxo 
II A:1 (1100) Stress ---) r~omal 

19 Low Anxo 

19 High Anxr. 
III Pn (1400) Stress --7 ~ro.crnal 

19 Low Anx. 

18 High Anx. 
PM (1530) Normal --->- Stress 

19 Low Anxo 
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. The complex factori<.:i.l design e~ployed is suramariz.dd in 
T~b1e 1. Aprrox~.mately one-quarter of each of the high ald low­
&:xiety groups was fired in each of four firing sessions. 
Firing conditions were couriterbalanc·ed to control for practice or 
fatigue effects. Two sessions, I and IV, were fired in a normal-
stress sequence of cond~tions and two sessions, II and I!I, were 
fired in the' reverse sequence (stress-normal), about 10 minutes 
elapsing between normal and stress fi:i:•ings for each session. Ses-
sions.! and II fired in the morning and sessions III and IV fired in 
the afternoon of the same dq. The tine of day variable was necessary 
because limited range ·facilities prevent~ 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 ot~er three sessions were at least 
five miles from the firing range. 2 · · 

The four variables in the design involve three independent com­
parisons, high vs. low anxiety groups, norma:!.-stress ~. stress-normal 
sequences of conaitions' and morning vs. afternoon. 'l'he fourth comparison 
is between normal a~~ stresS firing conditions iPVOlVir.g the Sarre SUbjects., 
The relation of anxiety to the effect of stress on marksmanship will be 
indicated, of course, by the interaction term bet·ween (firing) conditions 
and anxiety. · 

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 V:J.ri­
ance, subgroups were equated for number of Ss (18) by dropping the 
one S in each low anxiety s1lbgroup who was most moderate in a:rL":iety 
(highest rank). 

2. For purposes of another study, sessions III and IV were retested 
on the Anscales in the .:norning and ses3ions I and II were retested 
in the afternoon. 



PROCEDUPS. 

Th~ Firing Range and. Targets 

Phase II·occurred on Known Distance Range C5 ut Jort Bragg 
which contair.ed 75 firine; lanes. al~. ftri.'1g ~,as perion.1ed ~t a 200 
yard range and from the prone po:::ition. Eac~ session fired on alter­
nate .lanes, sessions .I and III on odd-numbered lanes (1..;75) and sess~O'"':S 
II and IV on even-numbered lanes (.2 -'74) • · 

The targets used were type ".a" (3• x 6•) pasted on t;rpe 11 B11 . 

(6 1 x 6 1 ) targets and were mounted on standard target carriage fra~e~. 
The "A" .target is :.:;tandard for a 200 yard range, but the larger "B" 
target was used to secure position information on rounds that would t.ave· 
missed an "A" target. All Ss received i>reli.ininary Rifle Instruction as 
part of their :1ormal tr:.dning routine one or ·t1-10 days !)rior to the exe:::u­
tion of Phase II. 

Range Layout for Stress Cond.i tions 

T'·ro half-pound charges were implanted one to two inches in the 
ground and five yards apart at points Bo, 120, 150, 175 yards from the 
target in each of the 75·firing laneso TWo.l74 pOUnd charges were buried 
t~vo to four inches in the grou.11d 190 yards from the target in each lane. 
A dummy charge (including 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 l.ine beginning ten seconds after the commence firing 
command. The time of detonation, in seconds from the commence firing 
comir.anC!., v:as the followir..g at each distance: 80 yards-10 seconds, 120 
yards-15 seconds, 150 ya.rds-30 seconds, 175 yards-40 seconds, and 190 
yards...:5o seconds. 

Charges "torere detonated. in lanes adjacent to the firing lanes, 
i.e o, for Ss firing in odd lanes ·1-75 charges were detonated in even lcmes 
2-74. This ~rocedure 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 cap:>ed in the morning prior 
to firing. The charges were connected in parallel and detonated by A~ 
Engineering personriel from a point in the rear of the rangeo 

Range Personnel 

• · The firing procedure was directed by a range officer over a 

·..._.. 

public address systemo The range officer, who was stationed at a control 
tower in the middle-rear of the range, v:as assisted by tl~o assistant range 
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officers. A pit and two assistant pit officers supervised the p~t ~et<i.il. 
Two observers were assigned to each firer to make specific observations 
and to assure tr~t 9roper safet.y precautions were takeno 

FirillJ Procedure: Sessions _!. a.nd IV 

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

Normal Firing. Dmuediatelf after the completion of zeroing 
Ss were given the follOwing record firing instructions by the range 
officer: "This is a ;>roblem in M-1 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 contirm.e to fire until you fire 
ail tw:elve rounds. You have sixty-five seconds in which to fire the 
twelve ro~ds)' i'1ost 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 period. 

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

(1) Ss were correctly infortned that explosions simulating 
artillery fire would go off closer and closer to them while they fired 
and that ths,y were expected to remain on the firing line for the entire 
firing periodo 

(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 .f.irer for the present exercise 1 and (b) that if they fired 
three bullseyes the explosions in front o£ their firing point would cease 
and their targets woUld come down. 

Immediately following the briefing Ss returned to their firing 
points where they were given these instructions by the range officer: 

·nAgain 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 c:z ~ 
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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!''irin~ Procedure: Sessions II and III 

SP.ssions II and ITI fired under stress conditions bef .:>re 
normal record f.ire. ThiS sequence of firing r~quired two changes in 
the· _procedure described :for sessions I and N. First, the br:tefing 
by E was given just before Ss had completed zeroing. Second, Ss were 
informed during the briefing, and again b,y the range officer just 
before normal firing, that there would be no explosions during the 
normal firing period • 

Dependent Variables 

Horizontal 
Constant ............... ~ 

...... ····Error ·~ ...... . 
.•. ~···· ·~ ................ . 

. ..
..... ~······....-·~· .. ····· ··· · . Vertical 

Accur-· 

. ........... ·· 

Proficiency<' · .. 
··· •.. 

.
..... / .. / acy ····•·· ......... : .............. . 

····· ..... 

·······.,· ....... . 

•·•· .. , ......... ~·· .. · 
·· ... R?,te of· ......... ··' 

Firing ···· ····· .... 

Firing 
··Speed 

·· ·· .... Rifie Handling 
Efficiency 

Components of Marksmanship rrofici3ncy 
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The primary dependent variable, marksmanship proficie11cy, 
was a.r.a.lyzed into the various ccmponent meas,.ll'es shown in Figure I. 
Proficiency, 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 fiting speed and clip handling 
efficiency were obtained through a rater and a timer assigned to each 
subject. The rater checked whether the rifie jammed, the clip was 
fumbled, and rounds were left unfired. He also recorded the number of 
rounds left unfired. The timer recorded the number 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 circles 5, 4, 3 and 
zero and second, by measuring in two inch units along the vertical ar.d 
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 ir'.a.ccuracy in this case) into constant 
error; the distance of the center-or the shot-group from the bullse)~, 
and variable error, the amount of deviation3 of the shot-group around 
its own center. The constant and variable error components of accuracy 
were compu~d separately for the horizontal and vertical coar dinates of 
the target. 

3. The measur~ of deviation used was the standard deviation. 

4. 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 a 16) and minimized any bias resulting from drop­
ping the Ss above. 



REEUL'IS AND DISCUSS.ION 

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 silr.ilar 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 \mit scale. In the third 
section, analyses of rate of fire and other observational data will be 
considered. · · 

Prpficiency and Accuracy . 

Group Averages. Means and standard deviations are presented 
in Table 2 for proficiency and accura~y scores. These data are given for 
high and low anxiety sub-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 ever,y session for both proficiency and accuracy scores. The 
effect .of the stress conditions is ~ot as clear cut, how~er, as that of 
high anxiety. For proficiency, means are seen to be lower under stress 
than norina.l condi tiona in se.ssions I, III, and IV, but this relationship 
is reversed· in session IIo For accuracy the s.ame 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 iri Table 2 are in the direction of high anxie'f:V ·and stress condi t.ions 
being associated with impairment in marksmanship performance, with the 
former factor being more consistentlY effective then the latter. 



Sequence of 
Session Conditions 

Normal 
I before 

Stress 

Stress 
TI before 

Normal 

Stress 
III before 

!Jortaal 

Noxml 
II before 

Stress 

Table 2 

l~eans and St.andard Dflvi~tiona for Proficiency and P.CCllracy 
(Conventional Scoring) 

Low. Anxiety High Anxiety 

.Normal . Stress Nomal Stress 
Heasure of 

rfarksmanship .t-tean s. n • l·fean So D.· i.·.iean S •. D. . ?i3an s. D. 

Proficiency 44.17 10.01 39.83 13.,85 34.$6 l.3.26 .33.33 13.07 

Accuracy h4.17 10.01 hl.ll 12.87 36.28 13.59 34.78 13.40 

Proficiency 38.67 17.75 39.89 16.5$ .30.33 19.62 30.89·' 14.66 

Acc~racy . I..Oe 78 17.16 42.39 16.48 32.00 19.24' Jh.50 13.58 

Proficiency 37.72 12.37 33e28 15.82 J3 • .3.3 1.3.88 30.94 12o82 

Accuracy 39.00 12.73 35.17 14.57 3h.44 12.79 3L. .. 67 11 .. 71 

Proficiency 38.83 15.99 32.28 13.88 36.33 13.46 29 .. $0 14.78 

Accul~acy 40.06 16.99 33.72 14 •. 77 ,36.50 13 .. 40 30.00 14e30 

---
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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 sone.,.-rha.t 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 tabl,.e), 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 iJoth normal and stress con­
dition) the second used a .simple t-test for repeated measures between the 
two condi tiona, and the third was ari additional factorial analysis of vari­
ance on individual's relative difference scores between conditions (normal 
minus S·tres::s).. In the case of overall effects of conditions, t-ratios l•Tere 
squared to obtain F-ratioa comparable to those obtained from the two analyses 
of variance.. Bartlett's test indicated that ~otheses of homogeneity of 
variance could be r~jected only in the case of difference scores for pro-
ficiency (p ;::: .... OS).. . .. . . . . . 

The effects of. primary interest in Table 3 are those of anxiety 
groups, conditions and the intera.Ction 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 group$ did not react differentially 
to the stress conditions as compared to their perfornance under the nor-
mal conditions., As .indicated by the F-ratios for the ma1-n effects of 
anxiety groups, the high anxiety group w&S 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 detrilnental ef­
fect c;>f stress is significant for both ~oficiency and accuracy.. However, 
this effect is confounded by an interaction for each measure, first, by a 
single interaction with time of day in the (:ase of proficiency, and secondly, 
by interactions with. both tlme 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,·itwill be necessar.y to inspect and test the effects of conditions 
for these simpler comparisons,. · 

S. Recent studies by Norton (S) 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 .-:.,OS) will be considered to .be 11statistically significant" throughout 
the analysis o 
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Table 3 

F•ra tios for Prof:l.e'iomcy and Accuracy 
· (Conventional Scoring) 

Marksmanship rreasure 

Source 

Anxiety-Groups (High-Low) 

Sequences of Conditions (NS-5N) 

Time of Day (AM-PM) 

Anxiety x Sequences 

Anxiety x. Time 

Sequences x Time 

AxSxT 

Conditions (Normal-Stress) 

Conditions x Anxiety 

Conditions x Sequences 

Conditions x Time 

CxAxS 

CxAx~ 

CxSxT 

CxAxSxT 

*P ( .o5 **P<- eOl 
--F less than 1.00 

Proficiency Accuracy 

6.4B* 6.0&-

1.18 ·--
1.64 

1e4J 1.12 

9.87** 5o1<>* 

3e12 6o39* 

4.3~ ho90* 

--
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The specific effects of anxiety and stress ccndi tiona for each 
sussion can be seen in Figure II.whieh ia a plot of the ~eans shown in 
Table 2o 7 The detrirrtental effect of high anxiety is immediately ap­
parent and the lack of interaction between anxiety and conditi~ns is ob­
ser~ed as a tendency toward parallel lines of relationship betNeen anxiety 
groups o The interactions of conditions w1 th ti.-ne of day can be seen to 
result from more decrement under stress in session IV than sessiol'l I (normal­
stress sequence sessions} and a general tendency toward relatively poorer 
performance under stress when compared to normal conditions for session 
III ~han for session IIo In the case of session II, performance was ac­
tually poorer under normal than under stress conditionSo The interaction 
.found for accuracy betli'een cot1ditions and. sequences .obviously results from 
the reversed relationship of condi tiona in session II compared to I and 
the greater difference between conditions in session IV than IIIo 

7o It will be noted that in ever.r instance the mean proficiency 
score is equal to or less than the mean accuracy scorea This 
follows directly, of course, from the respective computational 
formulae 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 4 

Means by Sessions for Proficiency and Accuracy under Normal and 
st-ress Conditions and F-raties for Comparisons between Condilions 

Session N Proficiency Accuracy 

~~ana F-ratio Means F-ratio 
Normal Stress. Normal Stress. 

I .36 39o37 36.$8 2.28 40.23 37.9S 1.82 

II 36 34o50 3$.39 - 36.39 38 •. 4S 1.02 

III 36 3SoS3 32o1l 3o6i 36o72 .34.92 -
IV. 36 37o58 30a89 19 .• 98*** 38a28 3la66 18.67*** 

*** P<(oOOi 

-- indicates F<'laOO 

The results of analyses of the differenceS between normal and 
stress scores for each session are shown in Table 4. 8 Apparently, 
means for normal and stress conditions differ significantly only in 
session IVo That is, for these measures, the present stress conditions 
resulted in decreased performance·, relative to normal scores obtained 
wi thi.--1 the same half hour, only if firing under the stress condi tiona 
followed normal firing and if firing occurred in. tl:le afternoono The data 
in Table 4 would seem to suggest a second order interaction between 

B. Since the conditivns by time of day were the only ones for proficiency 
that iriVolved conditions, these e.fi'ec'ts might have been excunined for 
pooled morning sessioJI5 and pooled afternoon sessions. The analysis 
was performed for each session for convenience of presentation. It 
should be noted t:1at the F-x·atios 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 indicated in ~able.3 that this interaction term is not significant .. 
. Instead, there are separate/ interactions of conditions with sequences and 
with time of day tor accur~cy. For ·proficiency, there is only the inter-
action of conditions with time of day~ i 

S.tress Conditioris·- Time. of Da Interaction. The interaction 
effect of time of ay w:l.'toh noJ;'mal.-s ress d · ferences was not anticipatec~ 
prior to running of the ~eriment, but it became apparent· to the experi:­
menter during the aftern#on firing sessions. As previously indicated, 
the size of the availabl;t .fiJ;'ing range precluded firing all Ss during the 
morning and the necessity ot minimising communication among Ss prohibited 
carrying out Phase II ir.i. a period longer than one day. Thus, two sessions 
were scr1eduled. in the ~9rning and two in. the afternoon. The stress pro­
cedure for setting oftj~xplosions was tested on a morning previous to the 
experiment. The. size ;f!f explosives and the. depth to l-rhich they should be 
implanted were selec~~ so that dirt and dust. thrown up by the ·explosions 
woul~ .not impair s•s t.'fLsions during firing. However, the fact that an ~x­
cessJ.vely hot day wov.~d cause the ground. moisture to evaporate making tne 
ground loose and du~·t.,Y was not taken into account. Consequently, there was 
a substantial increase in the amo\mt of dust and debris thrown up by the 
explosions in the ~iernoon producing a noticeable impairment in target 
vision for stress c9nditions. 

I I 

- l t 
It appea:fs then that stress conditions have no significant d.etri­

mental effect on ,~e;:ither proficiency or accuracy other than one of decr:eas­
ing target visi~,\i.;tity.. Any effect of the stress situation toward increas­
ing fear (or even' of introducing startle) would be expected to yield a 
significant decrfoaent under stress conditions in session I also. However, 
the effect fo:r ;this session, although in the expected direction, was not 
significant. J 1 . ' J . 

St~ss Condi tiona - Se uences Interaction. The explanation of 
the condit. 9l!S by sequences interac ion in accuracy scores is by no means 
as obv~o~~ /1-~itera~ 1 the interaction indicates. a significantly greater 
differenpe ;between normal and stress accuracy (in favor of normal condi­
tions) lor the sessions (I and IV) firing in the normal-stress sequence 
than :t6r /those (II and III) firing in the stress-normal sequence. Anot.her 
inte~p~tation of. the effect is an overall difference between average scores 
for;;foit'st firings {normal for sessions I and IV and ·stress for II an:i III) 
.a~ f?econd firings (stress for sessions I and IV and normal for II and III}. 
/ ! 
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';'hiti is made clear in the following diagram: 

conditions 

Normal Stress 

N~ S 1st i 2nd I I 

Firing 
! 

Firing 
_Sequences 

2nd I 1st 
·Firing I Firing 

s--> N 

! 

A conditions by sequences interaction f~r this experimental design in­
volves a 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 comparison of seq\:lences for 
normal and stress conditions· separately indicates that the difference 
between sequences is not significant in either case. An investigation 
of these differm1ces for each session 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 a.ttributed to greater dust during 
stress :firing in session IV. 9" On this basis a tentative hypothesis was 
entertained which suggested that firirig first ur~der normal conditions ha~ 
no effect on subsequent firing under stress, whereas firing under ~~e 
present stress condition first. wa~ 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 
situationo However, the difference between sequence_s for normal scores 
alone was also insignificant. On]¥ the sum of the differencES, on the one 
hand between"normal scores and on~the other between stress scores (the 
conditions by sequences iriteraction) was significanto Therefore, the most 
appropriate hypothesis states that. firing a series of twelve rounds (under 
either 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 sec:Jnd1 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 (anxie~, concern, preoccupation, etc. ) on the part of the 

9o Nearly two hours elapsed between the stress firings in sessions III and 
IV and this period was the hottes~ part cf the day when the highest rate 
of moisture evaporation would be expected • 
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subjects which impaired performance during second firings. 

s~mary ot Effects on Proficien In summary, 
it was found that high anxie ¥ s jec s ha s gnificant 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
nificantly poorer for both proficiency and accuracy. _Neither time of day 
nor sequence of conditions affected the scores directly. However, these 
factors 1bd determine the degree of difference between normal and stress 
scores •. 

Attention will be turned now to 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 
into variable and constant error and each of these measures was determined 
along both horizontal {x). and vertical (y). coordina. tes of the target. This 
procedure yielded four componentp of. accuracy--variable error on the hori­
~ontal (Vx) and vertical (Vy) coordinates and constant error on these co­
ordinates (ex and ·cy). Means and standard· deviations fr' the four component 
measures are reported in Table S for each sub-group. A grapl':ical pre-
sentation of the means is giyen in Figure III. A superiority of the low 
anxiety groups over the high anxiety groups is seen to be fairly consistent .• 
Out 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 ey. The effects of stress conditions, sequence of conditions, -,and 
time of day are not as consistent i'n 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 1 rounds left unfired due to 
jamming 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 against 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 W'hich iS quite similar 
to. record firing scores. It consists of an individual's proficiency 
score, unless his rifle jal)u."ned, in which case it is his accuracy score. .. 
The results for this score were essentially the same as were those for 
proficiency. ' 

11. l'"or t.hese measures N.l6. See the rationale for discarding subjects 
on pagE! 8. 
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Table 5 

Means and Standard Deviations for Variable and C.onstant Errors 
. (Coordinate Scoring*) 

--
Low Anxiety · High· Anxiety 

Sess!.on TargE:'t Normal Stress N·ormal Stress 
Coordinate I.fean S. Do Mean s. D., Mean So D~» Mean So DG 

Constant Error 

I Horiz. (Cj) 2o.l4 1.81 2o26 1.98 3olJ9 2.17 3o78 2.o52 
Verto (Cy 2o66 2o30 Jo36 2o06 2.91 2o00 3.51 1.98 

II Horiz. (Cx) 2e38 2o95 2o26 1.92 .3.74 3.34 2o87 · 2o.30 
Vert. .(Cy) 2.97 2.98 3.10 3.61 4.02 3.80 3.78 .3o0) 

III Horiz., (~) 2.36 2.45 3.47 2.99 3.59 3.20 3.39 2.82 
Vert. (C 2.49 2.95 2.92 1.84 3.01 2.44 3.35 lo97 

1\) 

\..J Hor:Lzo· (Cj) 2.14 1o49 1.·96 .3.2.3 .).28 2.00 4.0.3 2o61 Vert. (Cy 1.8) 1.36 4.0.3 2o85 2o96 2.29. 4a06 3o54 
Variable Error 

I Horiz. (Vx) 2o64 o75 · 2o8) 1o16 Jo42 1 .. .35 2.98. lo24 Vert. (V,-) 2.8) 1.06 2.,8) 1 • .34 3.2) 1.04 2.92 .as· 
II Horiz. (VJ} ) 0 16 2.52 .3.34 2.02 3.40 1•59 3e16 o84 Vert. (Vy 2.76. 1o21 2o84 e95 ).10 1.1) 3.-19 1.03 

III Horiz. (V~) .3.49 1.39 3.64 1 .. 68 3.49 1.20 bo29 2.35 Verto (Vy 3.41 1.14 4 • .33 lo?6 .3.21 1.2.3 3.8) 1 • .35 
lV Horiz. (Vj) .3o14 1.16 3a6) 1.27 J.S2 1.)8 3.74 1.29 Verto (Vy 3 • .34 1.58 3.39 .91 3.48 1.06 4o31 lo55 

*Contrary to the c'onventiona1 scoring scale, high scores on the coordinate scoring scale used to 
measure variable and constant error indicate JI'!Ore errol" and, •consequently, less effectivenass

0 
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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 !!lay be found in Appendix B. Note that Table 6 iS arranged, as was 
Table 3, to show in the upper half of. the tab ;:I.e the effect:s which are inde­
pendent of conditions and in the lower half the various interactions \'lith 
conditions. The overall comparisons between conditions, computed as squared t­
tests are again shown in the center of the table. It is ob,rious 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 ex only, >-1hile the main effe~t of stress condi tiona is significant for 
only Vy and Cy. The conditions by· tirae of day interaction is significant. 
o~ for Vy, and the conditions by sequences interaction is significant 
only for Cy.. On the other hand, it appears that a main effect of ti:~:e of 
day, which was not sl.gnificant for the total accuracy measure, is sie,'llifi­
c~nt for both Vx and Vy • Each of the significant effects will be considerec'l. 
separately; first, in terms of any confounded influences and, second, ~1ith 
reference to a meaningful interpretation. 

The significant detrimental effect or high anxiety on accuracy 
was found to be non-confounded and this holds for Cx. The tr.ain effect of 
time of day on Vx is also non-confoUnded. However, for this analysis, the 
hypothesis .of homogeneity of variance can be rejected at the .01 level, 
heterogeneity being quite extreme. Consequently, a conelusion concerning 
the detrimental effect of time or day on both normal and stress scores 
for horizontal Yariable error (Vx) is merely suggested for further in­
vestigation. 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 lvhich re­
moves the effect of this interaetion will be shown in Table 7. Before 
going on, however, it should be noted further in Table 6 that ths signi­
ficant detrimental effect of stress conditions on Cy i::; confounded by an· 
interaction of conditions with sequenceso A breakdown of this effect to 
eliminate the interaction will be presented in Table 8. 



Table 6 

F-ratios for A."lalys€s of Variable and Constant Errors 
on the Horizontal(x) and Vertic~l(y) CoordL~ates 

Variable Error Constant Error 
Source vx Vy ex cy 

P..nxiety (High - LOw) . 1.$5 1.17 7. 79-11* 1.60 

~equences (NS~N) 1.49 - ... - -
Time of Day (A~·PM) 5.44* 16.07*** --
Anxiety x Zequences 1;2.3 

Anxiety x Tirne - --
Sequences x Time -
GxSxT 

Conditions 1.10 4.97* o77 9.49** 
0Iorw.a1 Stress) 

Conditions x Anxiety - 1.0.3 

Conditions x Sequences 1.25 5.43* 

Gonditicns x Time 2.22 . 6.h4* 2.61 2.91 

CxGxZ 1.62 

CxGxT 1.26 

CxSxT 

c X G .x s X T 

* p <." .o5 **P <•Ol ***P <•001 

-indicates F.("l.OO .. 
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Interaction of Stress Conditions and Ti..'lle of Day far Yy. ...'c.'::.:.l€1 
1 shows ~o:· Vy the .effects of time of day separately for norruaiand stress 
conditions and the effects of conditiuns separately for morning a··~r. a.fter­
::10on. F.-rC~.tios for separate mean comparisons ir..dicate that for this meas-

. .li'e the effect of stress e}l.ists only in the af'te~oon and that tif11e of day 
is a significant factor only for stress firing o "The imp~ications of 
these results are quite simple. Vertical variable error (Vy) was not af­
fected significantly by any of the factQrs under study but was greatly af­
fected by the previously mentioned dus.t aroused by the .stress explosions 
in the afternoon. 

Table 7 

Means and F-ratios for Non-confourAed Effects 
of Conditions and Time of Day on 

Vertical 1Tariab1e Error (Vy} 

Firing '!'ime of Day F-ratio 
Conditions .AM PM 

Normal 2.98 J • .36 .3 .. 39 

Stress .2 .... 94 .3.96 20 .. 70*** 

F-ratio 9 .. 53** 

a P< .01 -iP!-*p : .001 
-indicates F.·.· .1.00 

12. The F-ratio of 3 .. 39 (p . ..- .• 10) betl-reen morning and afternoon for 
n:or.nal firin[t, suggests, along with the similar inconclusive 
fin:lir:g for Vx, that ·the relationship of variable error to time 
of day Might be worth f'urther investigation. 
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Interact~on of Stress Conditir,r,s and 3-?.;:;r~onces :·u::- Cy •. ':'a:::le 8 
r;resants .the affec~s of cond~tions on vertical constant error "'"(::;~r) for 
each session. 'I'he inter.s.ction of conditions with sequer-ces requ1.r.:ls, of 
course, that the effect be broken down by sequences oniy {I ar:d IV vs. · 
II and III). But, it was· desired to derrtonstrate that tte i<''"!fl"Q.er.ce of 
the stress conditions toward increasing error was significC:Lnt f.o2· sesc;ion 
I ir.dependent of session IV. It is seen in Table 8 that the me4n differ­
ence between condttions !'or session I is sif>nificant at t:1e .OS ~.evel. 
Th..:s difference is also significant in- session IV but neither of '-the 

· sessions firing in a stress-norrr.al sequer:ce {II or I::::I) show eir~n·:~ficant 
. differences between conditions. Th5.s analysis of Cy has t-wo impot*'ant 
· implications for interpretation of tJ•e effects of the stress condi t_icns. 
First, ·~·Jherea.s for proficiency, accuracy, and vertical variable err~r (Vy) 
a significant pa:J;"form.ance decrement under str•Jss was founJ in t:1e after­
noon only, for Cy the st1·ess situation is significantly detrilt:ental :1:-n 

· session I in addition to S·:lssion IV. It was observed by the expP.rirmi~ters 
that no noticeable dust was created by tl:.e stress explosions in sessioh I 
(9 A.H.). Also, the analysis show_ed for Cy that stress effects c,id not 
interact.with time of day. These facts suggest that, in the case of Gy,\ 
the ,l_)erfonnance decrement und~r. stre$S conditions for sessions I and Dl '­
is not due .to dust from the explosives but, ins·l:.ead, may be .attributed to\ 

Table 8 

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

Means for 
Firing Conditions 

Session Normai Stress F-ratio 

I 2.79 3.44 s .63·:1-

II 3.50 3.44 

III 2.75 3.14 

IV 2.39 4.05 12.74··* 

* P< .• OS iH} P·" ...• Ol 
-- indicates F •.. ) .• OO 
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other factors. The hypothesis oi' an effect due to firi!l.g sequer.::e, 
which was developed in tr~ discussion of an analysis of accuracy 
scores, may be applicable for Cy also. That is; the lack of ir>.for-
mation concerni.''lg first firing scores under normal cor.di tions re-
sulted in impairment of· second firing scores under stress conditic.;ns .. 
However it is clear in Table 8 that the difference between first a.nd 
second firing scores occurs on~r for the normal-stress sequence. The 
differences between the oyerall means for first and sec·ond firings 
~vere tested separately for normal or stress conc"i'tions and the differ­
ences Yiere not significant in either case. Theee means are sh•"!Wn in Ficure 
IV, the insignificant comparisons being between N1 and N2 and Letween 81 
a.nd 82 • It. follows then that some factor in addition to firing se0uence 
must be responsible for tl~ differences fo~~d between N1 and 52 means in 
Table 8. One hypothesis is that the stress conditions per se impaired 
~erformance. The effect could be attributed to startle-r9sponses to the 
explosions or to fear of the situation; the design doesn't permit or~ to 
differentiate between these two factors. If the stress effect alone 
were present it would be expected that the difference between l1jl and Sl 
in r'igure IV v10uld be significa11t as 'i10uld the difference between N2 and 
82. 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 differer~e in Cy in the present experimental de­
sign, but that the signif'icant effect of the combination of the two factors 
indicates the presence of both. 

Rating a~d Timing Observations 

The ratL'1g and timing observations that were recorded by the 
observers assigned to each.subject are summarized in this section. It 
will be noted that e.;t.ch .of the tables includes some data bearing on bot~ 
components of rate of fire, n~nely, firing speed and efficiency of rifle 
handling. 

Ef!ect of Anxiety on Ratings. Presented in Table 9 c:.re frequ . .Jncy 
counts of the number of Ss in each anxiat~ group wto -v;ere checked 11yes11 • 

on each of the dichotomous rating variables .for which observations were 
made. It is seen that of the trxee variables related to rate of fire, 
or1ly "fumbled clip" showed a significant difference between anxiety eroup .. ~, 
the high anxiety group being observed to fumt: le clips more often. It is 
further seen that for the variable 11ver:J ·nervous", which has no direct ra..: 
lation to rate of fire, the high anxiety group was again checked t1ore often. 
(It is of incidental interest. that no significant relationship was focnd be-

. tween the ratings--"fumbled clip" and 11very nervous.") 
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Table 9 

Nu~ber o.: S;.ID~acts in Eacb Ar..xiety Group Checked "Yes" on E~ch Ratinr Iariab1e 

Effect of Stress Coruii tions on Ratings. Table 10 presents 
COMparisons between normal and streSS corai tions .for the SC:l!1le rating 
data. Chi-square tests of association for repeated r.~asurcments on 
the s<:~.m.e suLjects indicate that no differences between conO.itions were 
sit;:r.i.ficant for the three variables related to rate of fire. It may be 
noted that for t.~e variable· "did not fire all ro-:..:nds", the difference ap­
p~oached significance ( p · J.O) with more individuals not compJ.et:.ng firine 
under the stress condition. Again it is seen that for the overall rating, 
nvery nervous," there is a significant rlif.ferer..ce, in this case vJith more 
Ss being checl<:ed under the stress conditiono 

Table 10 

Number .of 5 Hbjects Checlted 11Yes 11 on Each Rating Variable Under Beth Firing 
Condit!ons and. Under One Firing Condition But Not the Other (N~l44) 

Normal Normal Stress 
Rating Variable and Stress but not but not x2 p 

Stress Normal 

Rif'le Jammed 17 13 7 1.80 •N- ~ 
Fumbled Clip 4 10 15 1.oo 
Did Not Fire All Rds • 13 10 21 3.90 (.10} 
Very Nervous h 0 10 U.lO 0"' . ~ 
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Ef.fdcts of Anxiet. a••1.d Stress on Time to Fi:a., Th<:, data on ti."'"(: .t'{'~q't. od 
to f1.re and change clips. is Bu.mtrtarized in 'fai:Jle Me'ii.e.n times e..re sn~ 
for each anxie-ty group under each condition ar:d are giyen both for tr.r:: se. a­
rate intervals timed and for total time to fire. 'Oue to the extreme si.<:ew'­
ness of the distributions, it was necessary to 'JSe a non-parcunetric me tho i, 
the median test, for testing the sit;nificance of differences betw.:;en anxi·3ty 
groups· and between firing conditions. No Si&nificant differences were fohnd 
between anxiety groups. For OOII'pa:risons between conditions there were no 

·differences of significance in time to fire the first round or time to chanbe 
clips, but time to fire each of the clips was significantly (p ..... · ..• 05) longer 
under the stress condition. The total time required to complete firing was 
also significantly (p< .OS} longer under the stress condition. 

Table ll 

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

!t'iring· Operation 

Fire lst Round 
Fire lot Clip (4 rds.) 
Change Clips · 
Fire 2nd Clip (8 rds.) 
Total Firing 

. Low Anxiety 
Nonnal Stress 

2 
9 

10 
23 
4S 

.2 
10 
10 
24 
so 

High .K.r.xiety 
Normal ·stresf 

2 
s.s 

"10 
20 
43.5 

2 
10 
10 
25.5 
so 

The remaining meas~re related to rate of fire wrich has been 
considered earlier is the number of ur£ired rounds left in the clips when 
t"iring was.· halted. In fact, this is the measure that directly relates 
accuracy with proficiency si4ce accuracy for an S is the ratio of his 
target score to the number of rounds fired while proficiency is the ratio 
of his target score to the sum of the number of rounds fired plus the num-
ber of rourids left unfired. The distributions of unfired rounds. were markedly 
o.kewed and consequently required non-parametric statistics. It t,ras 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 tr.en that n0 
significant differences were present between either anxiety groups oi· firing 
conditions, although for the latter, slower firing under stress conditions 
approached significance. The tQtal number of rounds left unfired for the 
nqrmal and stress conditions respectively were 29 and 43 for the low anxi~ty 
r.roup and_ 51 and 71 for tte high anxiety group. 

In the rating and time to. fire data there was n.:> effect of tin.e cf 
c!ay or seG_uence of oo nditions present, either &S a main effect or a~ an inte1,_ 
action. Also, thel'e was no interaction present };)etween anxiety c.nd stress. 
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·J-e~~:er;;:.l ImpJ icCJ.tj.ons 

·= SurniTlQ.ry of S ibnil'iccint Findinp;s. Beca11se data bearing on nu.'11arous 
rela tio"lS hips between independent and dependent va.r:.ab}.es 111ere :oro·,.rided by 
t:1e experLaent and considered in the analysis of resUl·::;s, Table 12 is ·:re­
se~ted to summarize and to focus the rea.derts attention.u~on those relation­
s.O.ips that were found to b~ statistically significant. 

Effects on Proficiency. It is seen that I_)roficiency (the oYerall 
measure of marksmanship when em S is preser.ted tte tas!{ of p:!..acin;; a .3iven 
number ~f rounds in the target builseye in a time limit) was fo:..tnd to be 
impaired, first, by ·high anxiety and second, by dust created by the stress 
condition e:i:plosions. As sho•m in Table 12, these two factors impair t::ro­
ficiency primarily t!>.rough detrimental effects on the accuracy comuonent of 
proficiency. It was .foWld that· dust had no noticeable effect on the second 
component of proficiency, rate of fire, and, although high anxiety tended 
to decrease this measure, the difference between anxiety. gr.oups was not 
sienificant. 

Anxiety Effects on Accuracy Components. Tt~e negative relatj_onstio 
between anxiety scores and total accuracy inchcates that rounds fired by 
the high anxiety subjects tended to pass'through· the plane of the target at 
greater distances from the bullseye th~ was the case for the low anxiety 
subj~cts. The nature of thiS difference bet1-reen anxiety groups l!aS de­
limited by the findi::1g that this effect .is significant for only one of tn,.e 
components of accuracy, namely, horizontal constant error (Cx). Althougl: 
the group differences for tre other three components are in the ex~cted 
di~ction, and would contribute to the total effect on accuracy, they are 

·not si~lificant and it cannot be concluded that anxiety affects either vari­
al:.;le error (Vx, Vy) or vertical constant error (Cy). This findir.g with re­
spect to variable error m~ be of particular interest to those experimenters 
using t~ T~lor 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 (sOr) factor in Hu!l•·s systemv And it 
would be expected from Hull1 s position, which states that sor is independent 
of motivational variables, that high ana low·anxiety groups would not ciffer 

·significantly on variaole ·error. This was the finding in the ~Jre.ser.t ex­
periment. It is sug~,ested t~.1at the use of variable error in marksmanship 
and in other ?erceptual-motor tasks may:in the future provide a useful tech­
nique f.)r studying sOr .in human behavior. 

13. Personal commu~ication. 
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Proti-
Factors ciency-

Anxiety Scores X 

Visual Impairment 
Due to Dust X 

Startle or Fear 

Previous Firing with 
results unknaw11 to S 

Table 12 

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

Dependent Variables 

Accuracy Rate o£ Fire 

Total Variable Constant Total. Clip Firing 
Error Error Fumbling Speed 

vx VY' c c 
X y 

X X X 

X x· 

(x)* (x) 

(x) 

* ( ) indicates tentative interpretation 

Rated 
Nervousness 

X 

(x) 



. The reason for high anxiety being associated with constant 
erro:- O!"•. t..~e horizontal coordinate of the target (C ) but not or. the 
vr.>rt~cal coordinate (C ) is not apparento It shouJ! be made clear 
that a significant difference between.r,roups on constant error does 
not imply a difference in a specific direction. This implication is 
precluded by the definition of. constant error, \·~hich is the absoluf.e 
distance from the center of a·subject's shot group to the cer~ter-ot 
the bullseyeo. For example, shot grou~ centering .3·.2 units above the 
bullseye have the sam.e vertical constant. error (cy.) as shot groups 
centering 3.,2 un;its below the bullseye. In fact, the relative 
.(directional) difference between anxiety groups, which is not reportod~ 
~as· found to be insignificant. The difference between anxiety eroups 
on Ox indicates, therefore, only that high anxiety Ss had shot groups 
in which the average mean deviation from the bullseye center ";cs · 
greater, on the average, than these values for low anxiety Ss. 

The questiOJ;l remains as to why the anxiety groups differed in 
1:ihis respect on the horizontal but not on the vertical axis of the 
target. Relative to the fairlywarranted positions, first that anxiety 
is a drive (D) variable (8), and second, that drive and habit strengths 
multipiy to determine performance (3), at least one of the following 
two conditions is implied by the finding in question: (a) that while 
1:ihe hierarchy and absolute strengths of right and wrong habits are 
about the same .for the two anxiety groups they differ be'b;~een C and 
C ; ·and (b) that while C and C are about equal in this manner; they 
o~th differ between the two anx!'ety groups, Uri.fortunately, sufficient 
information is not available to reject one of these alternativeso It 
may be noted that C is the variable which is affected by windage, 
sugges+,ing that 'Wina might somehow account for the finding that anxiety 
group differences lJere found for Cx but not C o The effect could not 
be a dlrect one, h~Jever, since law and high lnxiety groups fired at 
the S3lne time. On the other hand, 'Wind could have been indirectly 
responsible for this difference at the time of zeroing rifles and 
makin5 corrections ~~ tha sights for windagev If it is supposed that 
high ar~iety Ss were less ~ccurate tl1an 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 eJq>ected. This hypothesis might be checked by comparing Cx for 
high and low anxiety Ss both on self-zeroed and bench-zeroed rirles. 
For ·a non-standard range distance, self-zeroed rifies might be expected 
to yield a high-law anxiety difference for C also. An alternative but 
less ~pecific hypothesis is that high anxietf 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· 
periphr,•ral v~sJ.on. Cc:msequently, horizontal accuracy in keeping the 
si~:;l-.ts and bullseye aligned was impaired for this group. 
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Other Effects of Anxiety. The other variables related to 
ar~iety scores were clip fumbltng 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 (4, 6) of the eff'ect of stress or sit.1ational anxiety on the 
accuracy and·speed components of performance have reported that this 
factor decreases accuracy { increase.s errors) ·while increasing speed. 
This state of aff.airs 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 movements by the high anxiety group 
.compensated for more inappropriate movements. However, the speed of 
firing a clip was not significantly r~lated 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 aLning of each round 

·on the part· of the high anxiety grOlip 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 ~lip~. 
More high anxiety Ss were judged to be "very nervous" by observers and these 
ratings were· found to be unrelated to instances of clip fwnbling. Since 
tL~es to change and to fire clips were alSo not related to anxiety, it is 
as~um.ed 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 afternoon stress conditions was found to ?ccur 
significantly on vertiCal variable error (Vy) only. It is easily seen 
that the effects of dust in impairing vision would be at random ~a th re­
spect to direction and would not produce constant errors. It is not as 
apparent why the inc~ease in random error ivould·appear on the vertic~l 
axis (Vy) alone. One hypothesis is that tne rifle, during the aLning and 
trigger ,ulling procedure, varied over a vdder range vertically than hori­
.zontally. This results from the standard procedure of moving the ·rifle 
vertically in the .act of lining up sight and tat"gets. Reduction of fine 
discri.ril.inability by the dus-t:. would, by producing random errors along the 
vertical axis, increase Vy• 

Stress Effects. · 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 Cy was contingent 
upon the normal-stress sequence of conditions and the conclusion of a startle 
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or fear effects was closely tied to th~ conclusion of an impairL~g effp,ct 
of firing second., It, is considered that ooth Qf these relationships 
sho~ld be verified before any effort is made to develop their implica­
tions, 'I!Jl.i.y these effects would be on C only is not clearo Slower 
firint.; U."lder stress conditions is, on tKe surface., contradictory to the 
studies (4, 6) 1 last cited. HatJever, the best hypothesis for this 
effect is that Ss anticipated the next explosions anC: held their fire 
momentarily until the blast was over. It is also conceivable that 
startle responses increased the time. requ·ired to get set· for firing 
the next round. ·Since the effect did not increase with the presence 
of dust, it cannot be attributed to that. factor. It is also quite 
tentative that the stress conditions aroused fear. wh.ich was observed 
bY the raters. The significant association between the stress condition 
and ratings of nervousness is confounded because the raters ·uere aware 
Of the change in situations from normal to stress conditions and, on 
this basis, could have 11res.d into" the behavior. of the Ss the nervous-
nails recorded on the ra ti.ilg forms. · 

It.has been stated previously that all of th~ twelve 
significant relationships shown iri Table 12 .inC.:icate impairing effects 
of the experimental factors. It.:may be interesting to note· finally, 
that, of the tt .. enty-eight insignificant re.lationships only eight 
reverse this trendo These eigbt reversals wera of the nature that 
high anXiety and dust were both· associatec with greater 11 fir:il".g spe~d" 1 
"startle or fear11 'loJas associated with decreased variable error on both 
coordin>:1tf'ls 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 Proced~~~ tor Proficiency; 
Accuracy 1 and Components of Accuracy 



Proficiency was measured usint; th~ conventional .procedure. of •;ei~:.;hting 

each hit 5, 4, 3, or 0 according to its degree of deviation from the tareet 

center. · With this procedure misses and rounds not fired are weighted zero. 

The total proficiency score was computed by summing the scoring weights for each 

of the twelve rounds available to the f:lr er for each firing condition. It is 

feasible, and preferable in some cases., to compute a proficienc:v· score as the 

. average score per round available. The conventional summed score was used in 

the present case because the n~~er of rounds available to each man was the 

same. 

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

In order to make accuracy scores of tha same magnitude as proficiency scores, 

accuracy was computed_by multiplying proficiency by the ratio of rounds avail­

. able to rounds fired. Using the following terms: 

P = conventional proficiency, 

'A a conventional accuracy, 

li1 : scoring weight for each hit, 

NA = 12 = number of rounds available for firing, 

NF : nwnber o:f' rounds fired, 

NH : number of hits, 

The formulae for proficiency and accuracy are: 

p :!: w, 

= (P) 

NF is computed by subtracting the mmber of rounds left in the clip 

(recorded by observer) from NA. Therefore, NF is necessarily equal to or less 

than NA and it is obvious that accuracy will be equal to or greater than pro-

ficiency. 



In addition to conventional.scoring, each hit was measured for distance 

.from the bullseye on both the horizontal and vertical axes. These :neasurements 

were made in two-inch units. This offered four advantages over conventional 

scoring.- First, it pro~1ided eighteen rather than .four scoring intervals for 

hits; second, it gave an indication as to direction of error for each hit; 

third,:; it permitted a partitioning of to.tal error. into the component .neasures-­

variable and constant error; and fourth, it .Permitted 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 U·..e distance of the center of the shot group from the bullseye. 

Befor.e each firing f!es.sion identifying data were ·1'8.rked on each target 

and immediatelY after firing conventional scores were indicated on the targets · 

by the pit .. d.Stail. Targets were then removed from the .frames and put into two 

stacks; one each for normal. and stress conditions 1 and each stack of targets 

was rolled and tied., Later; all rolls were transported to a. room equipped for 

the additional scoring procedure described ·above.. 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 sheeto Next, the template was turned 90 degrees clocrwise and the 

.distance of each hit fro!'!l the left side of the target was read and recorded 



iii a second column on the same data sheet. 't!hen the scori.ng of each 1..:3rget 

was completed~ the target was removed from the stack and the next target was 

scored ~.the same manner. 

When ail targets had been scored1 the data sheet contained two columns 

of values for hits~ one for vertical.deviations from the bottom of the target? 

and a sec.ond for horizontal deviations from the left edge of the target. The 

number of rounds available (NA) and fired {NF) and the number of hits (NH) 

were also entered on the data sheets. By subtracting NH from Np. it was 

possible to compute the number of misses <NK> for each target. It was not 

neces~ to measure sL~ultaneo~sly or everi to associate the vertical ~lith. 

the horizontal· reading for the same hit. This additional information would 

be required only if one desired to know the correlation between horizontal 

and vertical errors, which was not the case in the present study. 

The formulae according to which the horizontal and vertical components 

of variable and constant error were comput~d are given .below. 

Let: 

X = horizontal unit dist&lce of a hit from the arbitrary origin} 

Y : vertical unit distance of a hit frotm 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 be any convenient point in the plane of the target. 

.. 
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h3 

C :: constant error ih tw:> dimensions, 

Vx·: variable error on the horizontal axis, 

Vy : variable error on the -vertical axis, 

V : constant error in two dimensi.ons, 

Tx. : root~art-square of the shot group from the bullseye 

on the borizontal &Xis, 

Ty : root-mean-square of the shot group from the bullseye 

on the vertical ~is, 

T = root~ean~square of the shot group from the bullseye in 

two· di.IT'.ens ions o 

The variables cf pri:lila.ry interest are constant and variable error on 

both vertical and horizontal axes for rounds fired (crx, CFy, VFx, _anci VFy)• 

To obtain thea~ meas:ures it was nece!l!S&ry" first ·to compute the squares for these 

measures for hits., The formulae for the 
. 2 

c2Hx o (X - Bx) 
2 . 2 

c H,y : ('f - By) 

2 o: x2 - (~x)2 
v ~;.... : "' 4fa . .. -

NH- 1 

(:i:Y)2 

Nif 

J 

latter measures are: 

The horizontal and vertical components .or these measures were added 

(using the P)thagorean theorem) to obtain. squared constant and. variable 

errors for hits o . · 

02 -H ... 
2 

V H: 
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:~ext, t.he me<:m•squares of the shot group of hits from the bullseye a:...o:1J 

tLe two axes were computed by the formulae: 

x2 - 2B:xi • NH ( Bx)2 
--~-"'!"------~~ ' 

NH 

y2 - 2ByY + NH (By)2 T2FL "'"' . ___ .__ __ .......;.._.;._.__ • 

--y NH 

Using the Pythagorean theorem, these values for each axis were added to 

obtain the mean-square of the shot group of hits from the bullseye irrespective 

of direction: 

'1'2 = '£2 + TH,,.. H Hx ~ 

In the case. oi' misses, it was knol..m only that they deviated sufficiently 

(19 or more units) from the center o.f' the target to be off-targeto -~~ f.Tothing 

was known concerning direction of misses. Component 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 t.Jere 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) usi.11g a value 

* The target area for scorable hits was assumed to be circular with a radius of 

18 units (.3 feet). Since the targets were square, there were sane hits in the 

comers of the targets that fell oti.tside of the scorable range. j·ieasurements 

l':ere not made on these hits and they were treated as misses. A circle drawn 

on the scoring template clearly delineated the circular scoring area0 

.,. 
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L-nr..ed;i.atel y off the target edge. Any bias i:rvolved i.'l this method \o;oulJ :irm·c ve 

s~ores more for individuals having either m2e ~isses or more·extreme misses. 

'l'he ·bias would tend, ti1eretore, to decrease group differences rat.her than 

accentuate them. 

The ~eviation-from-target-center vaiue assign~d to each miss L~ the present 

case v?as 20 units - two units off target. For each target this· V<due was squared 

and multiplied by th~ number of misses, the formula being: N~1 (20)2 or Nr:; {400)._ 

The mean-aqua re around the l,:lullsey·e for all rounds fired ioiloulo then be equal 

to the sum of squares around the bullseye for hits plus the sum of squares for 

misses divided by the number of rounds fired: 

~!H (T2H) +. ~i {400) -· NF 

At this point, two assumptions are introducedo Tl:2se 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 constant to squared variable error is 

the same for all rounds fired as for hits. It follm.Js from these assumptJ.ons that: 

T2 ... 2 = 02 = v~2 _ v2 
H:VHx Hy Hx- Hy 

.... 2 VFy 
Q 

Therefore the desired values for constant and variable error on each axis 

for all rounds fired may be computed by the foll<»' ing fonnulae: 

c2Hx (T2H) 
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. APPENDIX B 

Degrees of FreP.dom and Iufean Square!:) 
for Analyses of Summed and Difference 

Scores for :iring Conditions 
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Table B-I 

Degrees ot Freedom and ~:Tean Squares for 
hnalyses of Conventional Proficiency and Accuracy 

--~--~-----------------------------------------------------3---- . 
Source 

Conditions Summed Scores 
(Normal plus Stress) 

J~rueiety (High A vs. Low A) 
Sequences (N ~ S vs. S ~ N) 
Times (AM vs. PH) 
Anxiety ··x Sequences 
Anxiety x Times 
Sequences x Times 
A.x s x T 
\lithin 
Total 

Conditions Difference Scores 
(Normal rninus Stress) 

·Anxiety 
Sequences 
Times 
Anxiety x Sequences 
Anxiety x Times · 
Sequences x Times 
A·x S X T 

· tJithin 
Total 

1 
1 
1 
1 
1 
l 
1 

136 
143 

1 
l 
l 
l 
l 
1 
1 

1.36 
143 

1'-iean Sqtiares 

--------·-----------------------Proficiency 

4678.75 
850.44 
427.11 
16.oo 

10.34.69 
245~44 

.26 
721~89 

Accuracy 

420.3 • .37 
.30.25 

ll.3.3.4S 
.11 

77h.69 
210.25 
49.00 

691.60 

98.34 
788.67 
601.!. • .34 
18.06 

8.,51 
.3.06 

. 43.34 
12.3.4.3 

... 

.. 
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Table B-II 

Degrees of Fre~dom and Mean Squares for Analyses 
o£ Horizontal and Vertical Variable Error 

l.fean Squar.es 

Source .. dt. Horizontal (Vx) Vertical (Vy) 

Conditions Summed Scores 
. (Normal plus Stress) . · 

Anxiety: (High A vs • Low A) l 9.20 4.58 
Sequences (11 -> S vs. S ·-;} N) l 8,88 .23 
Times (AH vs o PM) . 1 .32.31 63.00 
Anxiety x Sequences 1 1.03 4.81 
Anxiety x Times l .o6 1.45 
Sequences x TiMes 1 .23 .o6 
AxSxT 1 2.08 .7.69 
Within 120 5v94 3.92 
Total 127· .. 

· Conditions DitferP.nce Scores 
(Normal minus Stress) . 

Anxiety l o86· . o06 
Sequences l o37 2.53 
Times l 7o37 13.00 
Anxiety x Sequences 1 2.62 .20 
Anxiety x Times l 4.17 1.24 
Sequences x Times l .. .oo o07 
Ax· S X T 1 1.32 5.24 
Within 120 3o32 2.02 
T.Jtal 127 

' 

\ 
~ 
I 
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IJ:·able B-!II 

Degrees of Freedoo: and Hear. . .:lquares for lutalyses 
of Horizontal and Vertical Constant Error 

Mean Squares 

Source df. Horizontal (Cx) Vortic.;.tl ( Gy) 

--
Conditions Sumr.;ed Scores 

(Normal plus Stress) 

A.nxiety {iugh A vs. Low A) l lb5.14 )6.2.3 
Seouences (tf ...:Y S vs. S ~ N) 1 .02 . .20. 
Tu"ies (Al~ vs. Pl\1) 1 7.65 5 • .32 
Anxiety x Sequences 1 .02· .oo 
Anxiety x Times 1 3.68 2.34 
Sequences x Times 1 2.79 13.07 
A X S.x T 1 10.55 4.9.3 
11·Tithin . 120 18.6.3 22.6.3 
Total 127 

Conditions Difference Sco~es 
(Normal minus Stress) 

Anxiety 1 6.73 5.h7 
3equences 1 6,.00 31 • .30 
Times 1 17.04 16.75 
Anxiety x Sequences i 10.52 1.07 
A..IXiety x Times 1 • .34 .96 
Sequences x Times 1 1.42 2.56 
A~SxT .1 l.-00 3.22 
·.tithin 120 6.51 5.76 
Total 127 

( 


