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The experiment investigated problem-solving performance under three
conditions of stress, with anxiety as an individual-difference variable.
The first purpose of the study was empirical; the literature relating
these variables to problem solving is inconclusive, The second purpose
involved an assessment of the effects of discrimination between stresses
on the basis of the extent to which they have ego-threatening properties.

In one high-stress condition, attempts were made to reduce ego-threat-
ening cues and yet to induce anxiety; the threat of receiving painful elec-
tric shocks was used as the stress in this, the "Shock" condition. In eon-
trast, an "Ego-threat" condition used instructions and procedures that
emphasized the testing aspects of the experimental situation and attempted
to associate performance on the problems with intelligence and with such
concepts assumed to be related to ego integrity as masculinity, individ-
uvalism, and good mental health. Both stress situations were compared to
a Control condition, which was designed to be low on both ego-threatening
cuu and ochcr stress cues, - .

Individual differences 1n anxiety were indexed both by the 'l.‘ut Anxicty
Questionnaire (TAQ) (as well as several other questionnaire measures of the
predisposition to anxiety) and by two indices given at various times through-
out the testing session, one an adjective check list measure (ACL) and the
other a measure of palmar perspivation (PPM), In addition, an attempt was
made to index changes in Drive level by using two forms of a paired-asso-
ciates learning task thought to be subject to facilitation by stress and
anxiety.

Use of the ACL as an index of how effective the stress manipulations
were in affecting anxiety arousal indicated that the Shock and Control
manipulations functioned as intended but that the Ego-threat manipulation
did not produce the intended anxiety increase; the Ego condition was there-
fore dropped from subsequent analyses. Since neither the PPM nox the
learning task yielded the anticipated results, the ACL was used as the
primary arousal index.

Performance on a series of 12 reasoning problems was found to be re-
lated to TAQ level, In the Control condition, the middle TAQ group was
inferior to the two extrems groupe; in the Shock condition, the low TAQ
group was superior to the groups at higher TAQ levels. In addition,
there was a significant stress effect, with the Shock condition producing
superior performance; however, this held true only for subjects of high
intellectual aptitude,

The evidence suggested, slthough not conclusively, that the probleam
solving differences related to stress and to TAQ were not a function of
differences in anxiety arousal, at least as measured by the ACL. The
results were, therefore, interpreted by assuming that both TAQ and aptitude
are related to differences in the level of self-confidence, and that the
latter mediated the facilitative stress effects that were observed. The
discussion also emphasized, firet, the importance of having measures of
aroused anxiety when interpreting stress and predispositional-anxiety
effects and, second, the possible insensitivity of problem solving to
some debilitating anxiety effects.

iv
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INTRODUCTION

This study was undertaken in an attempt to determine how certain
dimensions of anxiety and stress relate to effectiveness in problem
solving, While the literature relating anxiasty variables to performance
is voluminous, the vast bulk of it is concerned exclusively with perform-
ence on rote learning tasks, Where the performance is achievement in
problem solving, there is a paucity of evidence., The first purpose of

this study, then, was aiinply empirical--to extend, to some degree, the

' available information on the relations of enxiety and ctr'en to problem

solving.

In addition, this study was intended as a test of certain hypotheses
relating to the mechenisms of stress and anxiety. This was necessary,
because even a fundamentally empiricel investigation, when it is con-
cerned with anxiety-related concepts, must become deeply involved with
theoretical systems. The complexity of these concepts has given rise to
2 rich variety of theoretical interpretation which the available datz
have done little to clarify, The assumptions that were made about the
mechanisms of anxiety were' critical in determining the nature of the
present investigation. Hence, the theoretical model that underlies the

manipulations and measurements used here will first be briefly outlined,
Theoretical Model of Anxiety

There were three assumptions basic to the present working model of
anxiety, The first was that the most important factor determining wheth-

er stress will facilitate or will debilitate performance (in problem

solving, at least) is the presence or absence of a feealing of threat to
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one's ego-integrity. When responses related to ego-threat are predom-
inant, stress will disrupt performance., Uhen they are not predominant,
stress will be facilitative,

The responses mediated by such feelings of ego-threat might include
thinking self-accusatory thoughts, fixating on the threatened punishment,
and such ego-defensive responses as escape through fantasy, & lowering
of attention to the threatening task, depression of arousal level, and

perseveration, All of these would preclude constructive, task-oriented

‘chivityl,

When these ego-threat r§1ated reapons?a are not‘doﬁiﬁant, we assumed
that the responses to stress will consist of such ordinarily facilitative
responses as increased task attention and 2 higher task-oriented energy
leve1?,

The second assumption was that two factors are of prime importance
in determining whether a feeling of ego threat will be present: first,

the cues of the stress situation itself, and, second, the strength of

individual responsiveness to such cues,

1. It is true, of course, that the tendency for an ego-defensive response
to be disruptive of performance will vary with the task. Ruebush (1960),
for example, has demonstrated that high-anxious subjects tend to be
more cautious and that, for a task like the Vitkin Embedded Figures
Test, cautiousness leads to superior performance. Similarly, Waite
(1959) predicted correctly, on the basis of task characteristics,
facilitation for anxiety on the Stroop Test and debilitation on the
Porteus Maze. The assumption in the present study was that ego-
defensive responses twould tend to be disruptive for the kind of
problem solving task used here.

2. The distinction being made here perhape relates to the distinction made
by Freud betveen "neurotic anxiety" and "objective anxiety” or fear,

In objective anxiety, one's energies are directed towvard desling with
the external threatening object. In neurotic anxiety, the emotional
reaction is ineppropriate to dealing vith the threatening object.
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The third assumption was that the degree of effect of the stress,
either facilitative or debilitative, will vary as a multipl;pativo fune-
tion of the intensity of anxiety that is aroused, This assumption is
fundamentally that whatever responses are cuad off by stress will be
energized, in the Hullian Drive-multiplicative fashion, by the degree
of anxiety-associated activation that is aroused.

Finally, it is important to note an assumption that response to one
of the standard scales of test-related trait anxiety, the Mandler-Sarason
Test Anxiety Questionmaire (TAQ), reflects individual differences both
4in the tendency tot a‘ittho~to be £ntirproted as ego-threatening and in
the typical level of stress-associated anxiety arouoals. The rationale
for this assumption is in part based on the character of the items of
the TAQ. Some of the items refer to the subjective content of cognition
and mood vhen in a testing situation, e.g., confidence, worry, etc.;
others refer to symptoms of arousal, such as accelerated heartbeat,

The former, it was hypothesized, reflect largely (although not exclusive-
ly) ego-threat semsitivity, the latter largely anxiety arousal®,

This study was desipned to test some of the implications of this

3. Further discussion of the TAQ can be found in the section on Design
and Procedure.

4, The model that is here proposed involves many comstructs derived from
the theoretical work of Child (1954) and Alpert and Haber (1960), and

ot emim e ms e e s

particularly of those who have developed and worked with the Test Anxi-
ety Questionnaire (e.g., Sarason and idandler, 1952; Mandler and Sarzson,
1952; Ruebush, 1960; I. Sarasom, 1956a, 1956b, 1957, 1958, 1960, 1961).
Each of the first two assumptions is related to concepts daveloped by
these theorists. The third assumption, om the other hand, is more
closely akin to the thinking of the Drive theorists, such as Spence

and J. Taylor (e.g., J. Taylor, 1953, 1956; Spence and Parber, 1953;
Spence, Farber, and lcFann, 1956; Spence, Farber, and Taylor, B., 1954;
Spence, Taylor, and Ketchel, 1956; Ferber and Spemce, 1953; Taylor and
Spence, 1952).



model by contrasting the effects of two stress situations, one designed
to have many ego-threatening cues, the other to have few such cuves, yet
still to be stressful. Problem solving performance under each of these
types of stress was compared with performance in a control situation that
was low in stress cues of any sort.

Anxiety was measurad first as a trait, or predisposition, by the TAG
and other anxiety questiomnaires, Then, at the time performance measures
were taken under the different stress conditions, anxiety was measured
in terms of veriations in its gntansity as a transient state., Such
measures vere nesdad, of course, to evaluate the assumptions concerning
the energizing effects of aroused anxiety. But they vere also considered
to be of great importance in assessing how effective the stress manipula-
tions were in actually producing anxiety. It is rather surprising thet
such measures of the effectiveness of the manipulations have rarely been
utilized; their use might well have clarified a number of the apparent
contradictions in the literature®. A final virtuve of the use of such
measures is that they make possible the testing for differences, if any,
between the effects of anxiety as a personality trait and anxiety as a

transient state,
Evaluation of the Literature

The relevant experimental literature falls into two categories, The

S. It should be noted that measures of aroused anxiety taken just prior
to and durinz the observation of performence differ radically from the
more frequently utilized "take'" measures given at the conclusion of
the experiment. Such post-experimental tale measures are very sensi-
tive to distortion by the quality of the subject's performance on the
criterion task,
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first concerns the evidence bearing upon a suggested distinction between
stresses high and low on ego-threatening cus value; this evidence comas
entirely from the literature on learning, The second category is com-
prised of those studies of anxiety and stress that have investigated
problem solving, per se. Each of these categories will be examined in
tura.

The suggestion here being proposed is that a distinction should be
wmade between stresses on the basis of their ego-threatening cue values;
this distinction vas arrived at in an attq; to elarify to some degree
the very contfldictbry 1iterature on anxiety effects., Although thofo |
have been no investigations aimed explicitly at making this discrimin-
ation, there are suggestions of the validity of such a distinction in
the literature wvhere learning is the criterion task. In support of the
ego-threat distinction, there are first the results of the. most coumon
experimental design, that comparing an ego-threatening stress with a
low-threat control condition. The most frequently found result is that
there is disruption, for those subjects who score high on anxiety as a
trait, under the ego-threat condition. (For example, see J. A. Taylor's
summary, 1936, and also Nicholson, 1958; Lucas, 1952; and Katchmar, 1958.)

The next question, then, is whether there is any evidence that a
stressful situation which is low in ego-threatening value will have a
different effect on the performance of anxious subjects than the disrup-
tion commonly noted for ego-threatening stresses. A stress that implies
shock or threat of shock as the stress agent would appear to potentially
meet this qualification, provided other sources of ego-threat were low,

There are three such studies which may be cited, all providing



some support for the view, Chiles (1958) found that random shocks
facilitated the learning of paired associates lists, even when the
1ists were high in response-competition characteristics, Further,

subjects high on trait anxiety were more facilitated than those vho

- were low anxious. Deese, Lazarus, and Keenan (1953), who used both

avoidable and non-avoidable shock, also found facilitation for high
anxious subjects (although only in the avoidance condition), this
time in a serial learning task; here, low anxious subjects were ac-
tually hurt by the .ltreu (in both the avoidance and non-avoidance
condiéion.o). Finally, & sh&‘ck-thrcif ufudy by Silverman and Blitz
(1956) also had serial learning as a criterion and used avoidable
and non-avoidable shock threat, This study demonstrated little
effect on high anxious subjects, but low anxious subjects showed
facilitation in the avoidable condition and debilitation in the non-
avoidable condition.,

While these studies show certain contradictions in detail, they
are consistent in showing that shock as a stressor can facilitate
performance; two of the studies suggest that this holds true even
for high anxious subjects. In none of the studies did shock stress
disrupt the performance of high anxious subjects; this result stands
in marked contrast to the findings that have used stresses high in
ego-threat. The evidence thus appears sufficient to warrant further
investigation of the proposed distinction among stresses based on
differences in ego-threat value.

In turning now to an examination of anxiety studies in which

logical problem solving was used as the criterion task, we £ind that



there is little evidence directly relevant to the purposes of this study.
In no studies that we have encountered has a stressful situation been
produced which would be judged as low on the ego-threat dimension, And
in only two studies have the stress and trait anxiety variables been
simultaneously investigated,

These problem solving studies can be grouped into three categories:
(a) those which have examined only the offecti of stress on problem solv-
ing; (b) those which have examined only the relation of predisposition-
to-anxiety to problem solving; and (c) those which have examined the
relationship of both étress and predisposition-to-anxiety to problem
solving.

In the first category, examining only the effects of stress, Truax
and Martin (1957) failed to find any effects of the degree of ego-threat
on performance on the Arithmetic subscale of the Wechsler-Bellevue, Sim- i

ilarly, Reynolds (1960) found that an ego-threat manipulation had no ef-

fect on achievement on Thurstone's Space Problem. On the other hand, i
Beier (1951), using a severe unavoidable ego-destructive stress, found
that threat disrupted performance on a complex reasoning task and on the
Abstract Reasoning subtest of the Differential Aptitude Tests., Similarly,
Rhine (1955) found that the solving of anagrams was disrupted by failure
experiences. Pinally, Ray (1960) found that the number of errors made
on & disc-transfer problem, the "Tower of Hanoi" puzzle, was greater for
subjects operating under time-pressure stress than for those who were not.
However, the time taken for solution did not vary with the stress conditiom,
¢ In the sécond tategory, 'examining the relation between performance

and predisposition-to-anxiety, several studies have been done, with as
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contradictory results as those for stress, Three studies suggest a posi-
tive relationship with trait anxiety. Ruebush (1960) found that anx-
iety was related positively with performance on the Witkin Embedded Fig-
ures 'ruts. However, this was true only for lov and middle 1.Q. subjects;
for high I.Q., subjects (I.Q. range of 111-122), there was a not quite
significant trend in the opposite direction, High quality performance

on this task, however, is dependent on cautiousness, which Ruebush demon-
strated to be a correlate of high anxiety. Similarly, Maltzman, Pox, and
¥orrisett (1953) found that high<anxious subjects were superior to low-
anxious subjects on an anagrams task. Finally, Van Buskirk (1961) dem-
onstrated an advantage for high-anxious subjects on a task of logical
deduction., There are two interesting notes about his experiment, First,
the ego-threat value of his situation was probably fairly low. In addi-
tion to being paid, his subjects were offered cash prizes for superior
performance, thereby perhaps making it more game-like than the usual
testing situation., Second, although trait anxiety was positively corre-
lated vith performance, a separate fear-of-failure scale was negatively
correlated.

In direct contrast to the facilitation by anxiety reported in the
three studies above is the report by Wiggins (1957) of a negative cor-
relation of -.82 betwveen number of solutions on a multiple-answer anagrams
test and manifest anxiety, when intelligence (which correlated +.82 with

anagram performance) is partialled out. In similar contrast to the above

6. The Concealed Figures Test (Thurstone snd Jeffrey, 1956), a very sim-
ilar test, was demonstrated by Berry (1959) to correlate .60 with a
problem solving scale similar to that used in this experiment,
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findings are the reports of many investigators (8.8, 0g1v1n, Koons,
Bingham, and Pink, 1955; Grice, 1955; Kerrick, 1955; Sarason and Mandler,
1952; Waite, Sarason, Lighthall, and Davideon, 1958) of negative corre-
lations between the Taylor Manifest Anxiety Scale or the Test Anxiety
Questionnaire and intelligence test scores, They used such scales as

the Wechsler-Bellevue, the Henmon-Nelson, and the Air Force Qualification
Test. The range of most of the correlations is from -,20 to -,40., They

tend, however, to be highest for subjects in the lower part of the I.Q.

. TANge.

| Yo add to the confusion regarding the reht:ionship of trait anx:loﬁy
to problem solving performance, it is to be noted that manifest anxiety
was found to be unrelated to performance both on Maier's two-string prob-
lem, in a study by Staats (1957), end on the "two-spheres" problem, in a
study by laltzman, Eisman, and Brooks,

The studies of greatest relevance to the present study are those in
the third category, which aimltmeoualy varied both stress and predis-
position-to-anxiety for a problem solving task. The two studies with
content at all similar to the logical problem solving used in the present

experiment yielded ambiguous conclusions., OGraff (1957) used reports of

- success or failure as stressors on an anagrams series; he also measured

trait anxiety. He found that failure stress improved the performance of
high anxious subjects, while approval debilitated performance, For low
anxious subjects, a tendency in the opposite direction was found. Travers,
Marron, and Post (1955) investigated the performance of Air Force cadets
on a complex administrative problem having a unique solution, The inde-

pendent variables were both the predisposition to anxiety, as measured
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by three levels of the Taylor Manifest Anxiety Scale (1953), and stress,
manipulated by varying the degree of ego-threat. In two replicatioms,
identical except that they were conducted at different Air Force bases,
threat had opposite effects--facilitating in one experiment, debili-
tating in the other. Moreover, both the interaction of stress and anxi-
ety, and the anxiety effeét {which tended to be curvilinear) were differ-
ent in the two replications. The authors suggested that there might
have been some difference in the composition of the population at the
two air bases, but there is no evidence of what this difference might :
have been, . L
Taken overall, these studies present a confusing picture. The dif-
ferences among them on task characteristics, stress manipulations and
subject populations make the process of generalization well nigh impos-

sible. The need for further investigation seems apparent,
Purposes and Hypotheses

As was stated earlier, the purposes of this study were two: first,
it was an empirical investigation of stress and anxiety effects on logical
problem solving, an area in which, as we have just seen, there are little
consistent data; and second, it was an attempt to test a set of assump-
tions about the mechanisms of anxiety and stress in affecting problem
solving performance,

One of the assumptions of the model suggests that the ego-threat
characteristics of the stress situation are critical in determining
whether the responses to stress will be facilitative or debilitative.

The present experiment examined the effect of this variable by comparing
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problem solving pcr!ornlnéo under three conditions, as follows: a shock-
threat condition, designed to be stressful but low on ego-threat; an
igo-throat condition; and, a control condition low on all stress cues,

Another assumption is that subjects vary both in the degree to
vhich they respond with anxiety to stress situations and in the extent
to which responses associated with ego threat are produced by stress, In
examining these individual differences, the TAQ was the major instrument,
although other scales indexing predisposition-to-anxiety were included.

Finally, another important assumption vas that the level of nrouped
lnxiotj cﬁot‘izcl either facilitattéc or‘dqbiiiﬁativd tauddiciol. In‘
order to directly measure the level of aroused anxiety, both a physiolog-
ical and a mood self-report measure of aroused anxiety were given fre-
quently throughout the testing session. In addition, an attempt was made
to infer the extent of Drive level changes from changes in performance
on a learning task,

The implications of this model led to certain expectations for the
results. First, it was expected that Shock stress would tend to facili-
tate problem solving performance, in comparison with performance under
low stress, Control, conditions. The assumption was of course that the
relative lack of ego-threatening cues in this stress condition would per-
nit facilitative responses tp be dominant, To the extent that they were
energized by stress-produced anxiety, these responses would facilitate
performance,

On the other hand, Ego stress would tend to debilitate problea solv-
ing performance, in comparison with performance under low stress, Control,

conditions., The basis for this prediction was the expectation that the
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Ego stress condition would be high in ego-threat cue value, and would
therefore tend to produce responses related to the defense of ego-
integrity. Such responses, becauss of their irrelevance to the task,
were assumed to be debilitative. The anxiety that was aroused would
therefore energize task-disruptive responses,

While we have thus far been discussing the probable main effects
of stress, it was also expected that anxiety level, as indexed by the
TAQ, would interact with the stress effects. We will first comsider
only the assumption that the extent of facilitation or debilitation will
be determined by the a.gf.. o!.hrﬁu-od anxiety, in a Dfivi-ﬁultiplicativi
fashion, and that TAQ level reflects, in pcft, the probable level of
anxiety aroused by stress. It can then be predicted that the level of
trait anxiety, as measured by TAQ, will be negatively related to problem
solving performance when stress is disruptive, as in the Bgo conditionm,
and positively related vhen stress is facilitative, as in the Shock
condition,

It should be noted that this prediction does not taks into account
the assumption, previously discussed, that TAQ level also reflects the
dagres of sensitivity to ego-threatening cues, When this assumption is
taken into account, the prediction relating TAQ level to performance
under Shock stress must be qualified. It might be expected that some
chronically high-anxious subjects would have such a strong tendency to
react with ego-threat-related responses to any testing situation that
they would be debilitated even by the conditions of the Shock stress.

If so, we would expect some High TAQ subjects to be highly facilitated
and others to be highly debilitated by Shock. If this were true, instead
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of high overall facilitation for High TAQ subjects, a high degree of var-
iance would be expected in the Shock condition among subjects high on
TAQ level.

A similar qualification may hold for the performance of low TAQ sub-
; Jects operating under Ego threat. It is probable, perhaps, that many sub-
Jacts low on trait anxiety are so insensitive to ego-threatening cues that
they would be facilitated by stress even in the Ego stress condition. Since
the degree of energizing anxiety would not be high. in these subjects, the
degree of :acilitatiop would be expected to be only moderate in degrae.

It chould‘bc noted‘thst tﬂice ﬁuo qualtficétioni; which are depend-
ent on the assumption of differential sensitivity to stress cues of low
and high trait-anxious subjects, lead to predictions of curvilinear re-
A\ lationships. 1In the Ego condition, the curvilinearity would not be so
marked, since the suggestion is merely that instead of being slightly
i ‘ debilitated, this group will be slightly facilitated, But in the Shock

l condition a situation could arise where a group in the middle on TAQ level

would be superior to both of the other groups--superior to the low TAQ

group because of its higher arousal level, superior to the high TAQ group
7

because it does not have dominant disruptive tendencies

7. 1Independeunt of the formal model that has been proposed, another

variable was suggested as perhaps being important in determining

the mode of response to stress, This variable is confidence level,

It was suggested that facilitative responses to stress would be

more likely to occur among confident subjects., While the present

experiment was not designed to directly evaluate this hypothesis,

it was noted at the outset that the confidonce variable might

manifast itself in differences in the behavior of subjects of
. different aptitude levels, Assuming that those subjects who were
higher in aptitude were more confident, perhaps becausz of a higher
frequency of reinforcements in academic testing situations, it was
anticipated that there would be greater facilitation and less debili-
! tation among high-aptitude subjects than among low-aptitude subjects,
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One final expectation should be noted, As indicated above, direct
measures of anxiety arousal were obtained in the experimental situation.
From what has been said before concerning the role of aroused anxiety in
energizing responses to stress, it follows that these direct measures
should be related to differences in performance in the various stress
and anxiety subgroups. The role of aroused anxiety in mediating stress
and trait anxiety effects is also of interest apart from its relation to
the particular model described here, It seems a question of fundamental
importance both empirically and because of its implications for the sev-
eral theories of anxiety that are currently prominent. The cutrdnély‘

available evidence directly bearing upon this question is very slight.
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§ DESIGN AND PROCEDURES

Subjects

The subjects were Airmen enrolled in an intensive course in Chinese

taught at Yale University.
Design

The experiment was conducted in two sessions, the first designed
to gather data ‘r‘.lc.v‘a‘nt; to’ 1nd$§1dual differences. in ptidilpo_lil;ionl
to anxiety. Ome of the prediopooitioﬁi anxiety scales was then uq§d
in assigning subjects to the second session, in vhich problem solving
performance was observed under a variety of stress conditions.

In the first session, & set of six paper-and-pencil anxiety scales
vas administered to 242 subjects, in large groups.

Of the subjects so tested, 180 were recruited to act as paid partici-
pants in the second leuiona’ 9. Although in this latter session subjects

were tested in groups of four or five at a time, an attempt was made to

approximate an individual-testing atmosphere. BEach individual was seated
in a booth from which the only other individual visible was the experi-

menter; talking among subjects was prohibited,

8. The proportion of subjects who volunteered for the second session
was actually much higher than the 75% rate indicated, since several
entire units graduated before they could be used, More than 90% of
those asked to participate did so, and approximately half of the re-
fusals came as a result of unavoidable scheduling difficulties,

- There was therefore little opportunity for the distortion of results
by self-selection. ,

9. Subsequent attrition resulting from incomplete data caused the number

of subjects whose results were usable to be reduced to 167,
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During this session, all subjects were tested on the same series of
questionnaire and performance measures, Hovever, the conditions of test-
ing were experimentally varied in an attempt to produce three different -
stress conditions: low stress, ego-threat, and shock-threat. One third
of the subjects were auigidd to each stress conditionm.

The sixty subjects within each stress condition were divided on the
basis of their scores on one of the scales administered during the pre-
ceding session, the Mandler-Sarason Test Anxiety Questionnaire (TAQ).

In each stress condit:l.on‘onc-thigd of the subjects was taken from the
lowest third of the TAQ dilttibuéidn, another from the uddlo‘nthird-, ‘and
another from the highest third,

A sumary of the experimental procedure in the second session is
presented in Table 1. All subjects were initially administered several
scales, before the stress instructions were introduced. These were as
follows: two measures of currently-aroused anxiety, including one ques-
tionnaire measure (Adjective Check uit, or ACL) and one physiological
measure (the Palmar Perspiration lMsasure, or PPM); one form of an "Atti-
tude toward Problem Solving" scale; and one form of a paired-associates
learning task that wvas designed to indicate Drive level. Them, the stress
manipulations were introduced through instructions concerning the taskse
to follow. Next, another set of anxiety and attitude measures was taken,
a second paired-associates learning task was administered, and the pri-
mary criterion task, problem-solving, was administered. After half the
problems were completed, a third PPM measure was taken. Finally, at the
conclusion of the problems, just before the subjects were made aware that

there would be no more problems, final anxiety measures wers taken and
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Table 1

Order of Experimental Procedures

Seating, general introduction, etc.

Initial instructions and Palmer Perspiration Measure #1,
Adjective Check List #1,

Attitude A,

Learning Task Instructions.

Learning Task A,

Stress instructions.

Palmar Perspiration Measure #2,

Adjective Check List #2,

Attitude B.

Learning Task B, with instructions.

Six successive items of Problem Solving Task,
Palmar Perspirction Measure #3,

Six successive items of Problem Solving Task.
Palmar Perspiration Measure #4,

Adjective Check List #3,

Post-experimental "Take" Questionnaire.

Final instructions,
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a questionnaire relating to feelings aroused during the experiment was
given. A discussion to explain the deceptions involved in the stress
manipulations completed the session. The total time required was approx-
imately two and one~half hours.

10
Scales

Anxiety Predisposition Scales Administered During Preliminary Session
A number of different anxiety questionnaires were administered

during the preliminary session, each measuring a lmht different as-
pect of the concept of anxiety, drio of these »ﬁcaleo, the Mandl‘ei-S’araioh
Test Anxiety Questionnaire (1952), was the scale of central interest,
The other five scales wvere presented partly because of the convenience
of collecting the additional data at the same time, Since the other
scales were designed primarily to serve an exploratory function in in-
vestigating the relationships among certain components of anxiety, a
function peripheral to the main focus of the experiment, the description
of the scales and the results obtained will not be included here. The
interested reader may find this information in Block (1963, Appendices
B, D, and E),

Mandler-Ssrason Test Anxiety Questionnaire ("TAC"). This is & version
of the scale developed by Sarason and Mandler (1952) and used in & num-

ber of subsequent studies. This scale deals with self-reports of manifest

10, Copies of all scales used in the experiment are reproduced in
Block (1963, Appendix B.)
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anxiety symptoms that have been experienced immediately before and during
testing in the classroom and in intelligence test situations, For this
experiment, the usual 35-item scale was reduced to 31 items by omitting
four items that referred specifically to the disruption of performance
during testing situations, All other items referred to more general
indices of anxiety arousal during testing situations, such as perspira-

tion, accelerated heartbeat, the lack of feelings of confidence, and
11

- feelings of worry or uneasiness .,

Armed Forces Qualification Test. This test had been taken by all

subjects upon entering the Air Force. It provides percentile scores on
four aptitude factors: lechanical, Administrative, General, and Electron-
ics. It should be noted that the labels are somewhat misleading, It
was reported, for exampls, that the subjects' ability to learn Chinese
correlated best with Electronics aptitudolz.

The range was somewhet restricted on all but the Mechanical ability
factor, since scores on the other three aptitude factors had been used as

criteria in selecting these men for participation in the Chinese course.

11, The items that referred specifically to disruption were omitted in
order to clarify the interpretation of any correlation that might be
obtained with problem solving performance in this experiment., The
aim vas to eliminate the possible interpretation that the correlation
simply represented a continuity between the subject's past performance
under stress (as reported by him on those items of the TAQ) and his
performance under the stresses of this testing situation. That is,
the aim was to modify the TAQ to make of it a scale concerned only
with the arousal of anxiety-associated feelings, apart from any ef-
fect of these feelings on the quality of test performance.

12, This report was in the form of a personal communication from lMr.
Robert Tharp, an administrator of the Institute of Par Eastern Lan-
guages, at which the subjects were enrolled,
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Scales Adpinigtered During the Stress Session

Palmar Pexspiration Messure ("PEMT). The PPM is a physiological

measure assessing the amount of sweat produced on the finger-tips during
a given period (in this experiment three minutes), The rationale for
the use of this measure (hereafter referred to as the PPM) 4is that it is
an index of autonomic nervous activity and thus of at least & major come-
ponent of anxiety, Mowrer (1953) and Bixenstine (1955) have each reported
correlations between PPM and the degree of stress probably present during
the course of psychotherapeutic sessions and in long-tctn 1ife li.tuaﬁtm.
There is little evidence relevant to the question of how it reflects re-
sponses to more transient stresses; hovever, Beam (1955) and Paivio and
Lambert (1959) provide evidence suggesting its usefulness in this regard,
and pretesting indicated that the measure was likely to be a useful in~-
dicator for present purposes.

The procedure for obtaining this index is described in Block (1963,
Appendix F).

Mood Adjective Check List (ACL). This is a check list consisting of

61 self-descriptive adjectives describing present mood. Subjects are asked

to respond to each item on a four-point scale, according to the extent to
vhich they are at that moment experiencing the feeling described by the
adjective.

The instrument used in this study was produced by combining a 40-
item list published by Nowlis (1960) with two anxiety-related adjectives
found in previous Nowlis studies and with a 19-item list used by Zucker-
man (1960). In the Gl-item 1ist thus created, there is a 16-item cluster
of adjectives that have been shown either by Nowlis or by Zuckerman to be

positively related to anxiety; they include such adjectives as "afraid,"




[T

. e

T,

iy

21

"ashamed," "helpless,” "apprehensive,” and "upset." The analyses to be
reported in this paper center exclusively on this anxiety cluster. The
other adjectives were included both to mask the emphasis on anxiety and
to provide additional data, if desired, regarding mood changes caused by
the experimental manipulations,

Other Scales. Two other scales were administered during the stress
sessions, Since the results of neither is central to the investigation,
they wili merely be mentioned here. The first is a set of parallel 16-item
scales of attitude toward problem solving included to assess stress effects
on attitudes related to per!orﬁancc. A further ‘deacripéion of th:l.si measure
and its relationchips vwith other variables is included in Block (1963,
Appendices D and E),

The other scale was a post-experimental "take" questiounaire, which
included 19 Likert-type items, Pour additional items were included for the
subjects in the Shock condition. Since the results obtained on this scale
paralleled those obtained for the ACL, and were methodologically less ade-
quate because of their post-facto nature, they are not included in the

report,

Performance Messures

Paired-Associates Learning Tasks., Spence, Parber, and licFann (1956)
have reported a study of the effect of anxiety on the learning of a paired-

associates list having special characteristics. The list was designed to
have little response competition among different pairs and high associative
strength between the members of the pairs, The authors found, as predicted
by the Spence-Taylor Drive Theory of manifest anxiety, that high amxious
subjects learned the list faster and made fewer errors than did low-anxious

subjects,
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The intent in the present experiment was to use performance on a
similar list as another measure of the level of activation induced by
the experimental conditions. If the stresses increase Drive lavel,
learning should be more efficient when the subjects are under stress than
when they are not. The relative change in performance from low stress to
stress condition might, it was thought, even be usable as an individual
difference "tracer" of the amount of Drive increment induced in each
subject by the stress instructions.

Therefore, two lists, each consisting of fifteen pairs of two-syllable,
synonymous adjectives, vm:‘cv constructed, Li;ut A was presented té nil. sub-
jects before the differential stress instructions were given and List B

was presented immediately after the stress instructions, (The order of

presentation of the 1ists was not counterbalanced because of the wish to

use individual scores in correlations.) Eight trials were given, with the

order of the pairs randomized from trial to trial, Measures used were

(a) total number of errors, and (b) number of trials required to reach 2
criterion of two successive errorless trials,

A procedure was developed for collecting the data in a testing sit-

.uation vhere five subjects served simultaneously. The details of adminis~

tration, as well as the criteria used in developing the lists, are available

in Block (1963, Appendix G).

Zrobles Solving Jask

The index of problem=solving performance was a set of 12 logical
problems, The problems were selected so as to be primarily verbal-logical
in character and to have comparatively low loadings on the following fac-

tors which frequently appsar in problem solving sets: spatial or mechanical
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ability, mathematical ability and mathematical experience, and memory.

The goal was to have a set of problems in which, as wuch as possible, the
information, experience, and specific abilities required for solution were
available to every subject. It was hoped that performance on such a set
of criterion problems would primarily reflect the effect of motivational
dynamics on the heuristic or algorithmic processes involved in solving

the problems, rather than reflecting learning or remembering functions.

Ten of the twelve problems that were used were selected from among
those used in studies by Sweeney (1952) , Nakamura (1955), Milton (1957),
Carey (1958) and Berry (1959). Eight of the ten hnd been parts of problem
sets which had been shown by the above authors to reflect such personality
or motivational characteristics as conformity, masculinity-femininity,
attitude, and field-dependence. In additiom to these ten problems, two
were selected from puzzle books,

Bach problem had a single correct solution, Ten of the twelve prob-
lems were scored 1 for a correct solution and 0 for an incorrect solution;
for the othexr two (A-1 and B-5), scores of 1/2 were given if the correct
solution was obtained but the explanation was incomplete.

The problems represented a wide range of difficulty; performance on
pretests ranged from 93% solution for one problem to less than 4% solution
for another.

Pretests indicated that the problem set vas responsive to anxiety and
stress dit!oroncun. 0f four independent comparisons of stress condition

means with control means, with a small number of subjects (eight to ten)

——

13, A summary of the results of the two pilot studies using this scale
as the criterion task can be found in Block (1963, Appendix A),
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per cell, one comparison reached the .05 significance level, another ap-
proached the .05 level, and a third was between the .10 and .20 level.
Each problem was tndividuauy timed, with two and one-half minutes
allowed per problem. Problems were given in two six-problem booklets,
a separate problem per sheet. The sheet containing the problem just
completed was torn off at the end of the two and one-half minute period,
Six problems were presented successively, there was then an intermission
(of approximately four minutes) during which a palmer sweat measure was
taken, and then another six problems were successively presented, The
subjects at no timé had any way of knowing how many problems there
would be in all,

14
Stress Manipulations

loy Stress Copdition

An effort was made to minimize the ego-involving stress conditions
that are usually present in a testing situation. The intent was to
eliminate the following expectations that are usually produced by a
testing situation: that the quality of the subject's performance will
be made known to the subject himself, to his peers, or to important
authorities; that his individual score will be judged in relatiom to

some standard of achievement; that the tests are related either to intelli-

gence or significant personality traits; and, that the quality of per-

14, The instructions used are included in Block (1963, Appendix C).
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formance will be partly dependent on remembering things that had pre-
viously been learned. Additional techniques aimed at reducing ego-
threat included calling the problems "puzzles' instead of "problems,"
picking up the completed problems without looking at them, and placing
the collected problems in a conspicuous place, where it was obvious
they were not being graded.

As incentive, it was noted that each individual's performance would
reflect how well his group did in relation to othei' Air Force units and
would also determine the success of the experiment, Subjects were urged
to work as intensely as possible and "to keep trying throughout the entire

course of the experiment,

Shock Stress Condition

Subjects in this condition received the same ego-threat reducing
instructions as those in the Low Stress condition, However, the threat
of avoidable pain vas added, Subjects were told that the level of their
performance would determine how many shocks they would later receive and
how painful they would be, They were told that with maximum effort they
could avoid receiving any shock; effort, rather than intellectual capa-
bility, was stressed.

In order to reduce the ego-threat component introduced by the neces-
sary scoring of the problems during the session, a hypothetical associate
was introduced, Papers were collected with the experimenter not looking
at them and were taken down the hall, There they supposedly were to be
graded by the hypothetical associate, who would then later conduct that
phase of the session involving the administration of shock. The subjects
were told explicitly that the experimenter himself would not know how
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well they were doing, Since the subjects did not kmow how many problems
were involved in the total task, they probably did not know even near
the end that the experiment had been virtually completed without their
having been shocked; the implication even at the end of the problems
was that there were additional problems yet to come.

The apparatus used to deliver the shocks, a Harvard inductorium
squipped with a five-position switch, was kept covered until the stress
instructions were begun, At the conclusion of these instructions, each
subject attached electrodes to his ankle. Supposedly as a test of the
connaections, ajv-ohock was administered to each _s_u"bject in turn, The sub-
Jects were told that this would be a comparatively mild shock; actually,
the apparatus was set to deliver a rather intense, painful shock, although
& very brief one,

Although no further shocks were actually delivered, the apparatus,
which produced a rather fearsome sound, was repeatedly turmed on during
the testing, with the experimenter appearing to try to get it into adjust-
ment, It was on approximately one-third of the total time; it was turned
on and off four to six times during the session and was left on about

three minutes each time.

Ego Stress Condition

The ordinary conditions of testing provide perhaps the most important
cues for evoking a sense of avoidable threat to the self-image; to some _
extent, the instructions and conditions were aimed merely at emphasizing
these cues (while the instructions for the other two groups were directed
toward de-emphasizing them), The problems were labelled "'tests" and

"problems" instead of, as with the other groups, "puzzles.” The scores

e
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of each subject were to be publicly announced, relative both to the other

- subjects and to broader standards, at the end of the session. The exper-

imenter collected each problem 1mnod1.£e1y after it vas finished, looked
at the subject's answer while standing in front of the subject, and then
ostentatiously engaged himself in scoring the problems,

In addition to this emphasis on ordinary testing cues, an attempt was
made to induce the belief that by good performance in relation to his own
ability the subject could ward off the ego-threatening possibility of be-
ing labelled (either by himself, his peers, or authorities) as either
smotionally disturbed or not intelligent. This was done by telling the °
subjects that the focus of the experiment was on emotional disturbances
that interfere with clear thinking, and that performance on the tests was
sensitive not only to intelligence, but also to such personality factors as
masculinity-femininity, conformity, ability to relate to people, rigidity
of personality, and emotional control. They were told that those subjects
who did more poorly than their abilities warranted would be called in for
further testing, of a clinical nature, to try to determine the root of the
trouble. It was implied that the language school authorities would know
vho was being calléed in,

Final Instructions

At the end of the session, the deception was explained to the Ego
and Shock groups, with apologies and explanations of the necessity for
such deception. To all subjects, a serious plea was made for secrecy,
and the subjects vere paid. Inquiries directed to each subject before
he began the experiment strongly indicated that security was maintained

throughout the course of the data collection,
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of personality, and emotional control. They were told that those subjects
who did more poorly than their abilities warranted would be called in for
further testing, of a clinical nature, to try to determine the root of the
trouble. It was implied that the language school authorities would know
vho was being called in,

Final Instructions

At the end of the session, the deception was explained to the Ego
and Shock groups, with apologies and explanations of the necessity for
such deception., To all subjects, a serious plea was made for secracy,
and the subjects vere paid. Inquiries directed to each subject before
he began the experiment strongly indicated that security was maintained

throughout the course of the data collection.



i A

28

RESULTS

In presenting the results, the success of the stress manipulations
will first be examined, There will follow an assessment of the relation-
ship of the problem solving scores to both stress condition and TAQ level.
Finally, an analysis will be underteken to ascertain the extent to vhich
the observed stress and TAQ relationships with problém solving relate to

the level of anxiety arousal extant during the testing situation.
Effectiveness of Stress lanipulations

Before examining the effects of the stress manipulations on pfoblen
solving, it is necessary to determine the effectiveness of the manipula-
tions in creating anxiety, This study includes two direct measures of
anxiety arousal, the ACL and the PPM, and one indirect measure, perform-
ance on the learning task,

Table 1 presents the scores on ths ACL measures. The Control (low
stress) group declined slightly in self-reported anxiety after hearing
the stress-reducing instructions; by the end of the experiment the decline
reached a statistically significant level (t=2,95, p=.01). The xgo‘Scuu
group unexpectedly remained at essentially the same level throughout the
experiment, The Shock Stress subjects felt significantly more anxious
izmediately after receiving the stress-inducing instructions (t=2,63,
p=.02) and remained at the higher level.

These conclusions are amplified by an analysis of covariance of the
second ACL with the first ACL used as the control measure. This analysis
was executed on & X3 matrix, consisting of three levels of TAQ by the

three stress conditions, Table 2 contains the ACL means for this matrix
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and Table 3 summarizes the analyeis of covariance .,

The second ACL measure, which was taken immediately after the stress
instructions were given, is a result both of the initial erocusal level
and the effect of the experimental manipulation. Before the contribution
of initial level is removed by covariance, a significant F is not obtained
for Stress; this is apparently a result of the fact that the Shock aubjeéto,
by chance, started at a lower initial ACL level than the Control aand Ego
subjects, The TAQ term for the unadjusted measures is highly significant,
indicating a relationship between TAQ and the post-stress level of aroused
ahxioty," |

After covariance removes the contribution of initial ACL level from
the post-stress measure, the analysis represents the effect of the experi-
mental variables on the degree of change in ACL level, As Table 3 indi-
cates, the Stress condition variable relates to the extent of ACL change
at the .001 significance level, Examination of the change scores, in
Table 2, in conjunction with the t-tests reported earlier, supports the
viev that the source of this eftht is the fact that the Shock stress
condition increased anxiety while the other conditions did not. The
effect of TAQ only approaches significance, with high TAQ subjects tend-
ing to increase somevhat more in anxiety.

In summary, the covariance and t-test analyses of ACL measures to-
gether indicate that Shock stress increased reported anxiety, that Ego
stress at best only sexrved to maintain the initial level of anxiety, and
that the Control, low stress, nanipulaéion gradually reduced anxiety.

The stressors, then, functioned as intended for the Control and Shocik

15. Beceause of slightly differing numbers of subjects in the cells, the
sum, variance, and covariance of each cell were adjusted in propor-
tion to the number of subjects in that cell, (Sce Ferguson, 1959.)



N
[ ]

98°ST
°S°N AN | 60°%¢"
or° ¢9°¢C 29°L9
100° €s°6 00°LY2T

axenbg
d ¥4 uBIY

juemysnfpy 1233y

Ls1

¥p

.“.z
100°

.m.z

00°2S 8st
> 00°9¢ ]
se°Lt 91°900°1 4

[/ ¢ 69°66 [4
23enbg
d uroy P

ausmsnfpy 9z039g

PITIRA0) [9A9] $89135-91] YITA $9109§ ISP AOIY) 889135-380g

VUPTIRAOC) JO sEsivuy

€ o191

033y
VL X 892138
19497 dHVa

8892138

22anog




33

groups, but had little effect on the anxiety level of subjects in the
Ego Stress condition,

The ochﬁr direct measure of anxiety-associated arousal is the palmar
perspiration measure, Table 4 presents these data for the PPM given at
four different times during the course of the experimental session. The
general pattern is very different from that seen for the ACL measures,
with all groups showing a decrement from the initial level, By t-test for
the difference between correlated means, this decrement is significait at
the .05 probability level for the Shock group and at the .10 level for the
other groups. The diff‘rGGCC‘blt'Chp the initial and the third and fourth
measures is significant at beyond the .05 level for all groups,

The difference in stress effect on these two measures, ACL and PPN,
both of which are purported to assess anxiety arousal, calls to attention
the set of interrelationships among the several anxiety measures that were
given prior to and during the experimental session. The details of these
results are confined to Block (1963, Appendix D), Of greatest interest is
the fact that the correlation between PPM and ACL is in general very low.
(The average of these correlations is .15.) This is true in spite of the
fact that the correlations between different administrations of the same
measure are high enough to indicate that both measures have fairly high
reliability, (In the Control condition, the first and second ACL measures
correlate .94, the first and second PPM measures correlate .64,)

The correlations between the predispositional anxiety questionnaires
and the ACL and PPM warrant two conclusions. (These correlations may be
found in Block (1963, Appendix D,) First, there is a consistent but moder-
ately small correlation between the questionnaires designed to measure the
predisposition to anxiety arousal and the ACL index of arousal, The correla-

tions average around .40, There is clearly little relationship, however,
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between the predispositional questionnaires and the PPM. The reason that
these predispositional indices relate to some degree with ACL but apparently
do not relate to PPM may reside simply in the fact that both the ACL and the
predispositional questionnaires involve reports about consciously-perceived
anxiety symptoms, while the PPM indexes a not-very-salient physiological
response, It appears that if the PPM measures a component of anxiety, it

is a component largely independent of the conscious anxiety feelings meas-
ured by the ACL and the predispositional questionnaires,

Of the two direct measures of arousal, the ACL alons reflects differ-
ences in the ‘ltt;ui manipulations. ‘l.'h; fact that these differences ars in
the expected direction for the Control and Shock conditions lends support
to the validity of the ACL as an index of aroused anxiety, Additional
support for the ACL's velidity is found in the correlations with the fre-
quently-used TAQ, In view of these facts, in combination with the generally
inconclusive relationships obtaining for the PPM, it was decided to focus
exclusively upon the ACL as the diucﬁ index of the degree of aroused anxiety.

The learning task means are presented in ‘rab.lc 5. Contrary to expec~
tation, there were no meaningful differences among the stress conditions
in learning performance. Also, in contrast to the findings of Spence,
Parber, and lMcFann (1956) for a similar learning task, there was no pattern
of positive relationship between learning performance and any of the amxi-
ety indices. With the TAQ, the highest correlation is -,13; the average
correlation of the two learning indices over the pre- and post-stress
trials is ~-,03.

Since the expected positive relationships with stress and anxiety did
not occur, the learning measure could not be used as an index of drive

arousal as had been hoped, Although of some interest in itself, this
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performance measure will not be further analyzed in this paper.

The major concluniopo arising from the preceding analysis of the three
arousal indices are as follows: first, the ACL is to be focused upon as the
primary index of anxiety arousal; second, the ACL scores indicate effective
anxiety arousal in the Shock stress condition and anxiety reduction in the
Control condition; third, the ACL scores indicate that the Ego-threat man-
ipulation was ineffective.

Since this indication of the ineffectiveness of the Ego stress is not
contravened by any evidence from the PPM or the learning task, it was de-
cided to omit the Ego condition from the u,m"l&uo of problem solving scores

16
vhich will follow .

Performance on Problem Solving

The focal point of the study is the relationship of the stress and
anxiety variables to problem solving performance. The mean scores on prob-
lem solving are presented in Table 6 for the Control and Shock conditions
and the three TAQ levels., An analysis of covariance on this 2X3 matrix of
problem solving scores, with Administrative and Electronics Aptitude con-
trolled through multiple-regression covariance, is summarized in Table 717.’

With aptitude controlled by covariance, the anxiety effect is signifi-
cant at the .05 level and the stress effect reaches the .12 probability

level,

The problem solving means adjusted by the covariance with aptitude

16. The mean problem solving scores for the Ego condit:ion are presented
in Block (1963, Appendix IX),

17, Because of slightly difhring nunber of subjects -nong the cells, a
corrcctton) for unequal n's was made in the analysis, (See footnote
15, p. 31.
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app;ar in Table 8. DMean difference t-tests indicate that in the Shock con-
dition the Low Anxious group tends to be superior to the combined High and
Middle Anxious groups (twl,86, pw,08) and in the Control condition, the
Middle Anxious group is inferior to the other two groups combined (t=2,20,
p<¢05) .

A further analysis involved a division of the subjects into two apti-
tude levels: those vwho scored above the median on both Administrative and
Blectronics Aptitude and those who scored below the median on either apti-
tude ncorelg. Table 9 contains the mean scores on problem solving for
gfoupc dividea on thh basis, |

Inspection of the table suggests that the stress and anxiety effects
are largely confined to high aptitude subjects. The overall advantage of
the Shock condition over the Control condition, for example, is .91 for
the high aptitude subjects wt-z:l.le for the low aptitude subjects there is a
negligible difference of ,09 in the opposite direction. Within the Shock
condition, the superiority of Low TAQ subjects seems marked for high apti-
tude subjects, while there appears to be little relation with TAQ level for

low aptitude subjects. Within the Control condition, there is suggestion

18 A relationship between the size of the stress effects and aptitude
level had been considered possible from the beginning of the experi-
went. (Prof, D, W, Taylor had predicted a higher probability of
facilitation for high aptitude subjects on the assumption that they
would have a higher confidence level.) Hovever, the decision to con-
duct this analysis was an a posterjoxri decision. An original analysis
of covariance which had included the Ego condition produced svidence
for significant non-homogeneity of regression, severely limiting the
usefulness of the covariance adjustment and suggesting that there
night be significant relationships at some levels of aptitude but not
at others. An aptitude-level breakdown then revealed that the primary
locus of the effects was among the high aptitude subjects., This find-
ing vas of sufficient importance to warrant reporting such ar analyeis
even after the decision to exclude the Ego group from the analysis un-
expectedly removed the heterogeneity of regression. The fact that the
effect had been informally predicted further supported the decision to
report this analysis,
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of a curvilinear relationship with TAQ level for both aptitude groups, but
this, too, is more marked in the high aptitude sub-group.

An analysis of covariance (unweighted means) for the high aptitude
group is summarized in Table 1019. For these high aptitude subjects, a
significant TAQ effect is again obtained (p=,02), as it was for the analy-
sis over all subjects that was reported in Table 8; in addition, however,
the stress effect attains a significant level (p<.05)2°.

The high aptitude means adjusted for covariance appear in Table 11,
It 1s clear that the significant overall stress effect is caused by the
advantage of the Shock condition for middle- and‘low?anxioua aubjecti; for
high anxious subjects, the stress condition appears to make little differ-
ence, Mean difference t-tests indicate that the Middle Anxious Shock group
is superior to its Control counterpart at beyond the .05 level (t=2,26),
while the advantage of the Shock condition for the Low Anxious subjects
reaches the .08 level (t=1,81),

| Within the Shock condition, the Low Anxious subgroup is superior to
both the Middle Anxious and High Anxious subgroups at beyond the .05 level
(t=2,09 and 2,00 for the differences with Middle and High Anxious, respec-
tively). Within the Control condition, the Middle Anxious group is inferior
to the other two groups, at the .05 level with respect to the Low Aanxious
group (t=2.36) snd at the .10 level with respect to the High Anxious group

(t=1.72).

19, Only Administrative Aptitude is used as the covariate in this analysis,
since only with this aptitude measure does a correlation with aptitude
remain after the subjects have been partitioned by aptitude leval.

20, Similar results are obtained by an analysis of variance for the high
aptitude group, using the least-squares method of correcting for umn-
equal numbers of subjects. An P of 4,85 for the Stress term reachas the
+05 significance level, while an F of 4,08 for the Anxiety term reaches
the .025 level. Again, the interaction term i{s not significant,
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Duncan tests, vhich are designed for a posteriori testing of mean dif-
ferences and so are more conservative, tend to support the conclusions based
on t~tests, although fewer of the differences attain the .05 level, By
o, Duncan test, the Shock advantage over Control does not quite reach the .05
i level for either Middle or Low Anxious subjects, WVithin the Shock condi-
ti tion, the Low Anxious subjects are superior to the High Anxious subjects
at the .05 level but their advantage over the Middle Anxious group does
not reach the ,05 level, Vithin Control, the Middle Anxious - Low Anxious
dt:tqronce reaches significance but the Middle Anxious - High Anxious dif-
ference does not. | |

) In summary, the analysis of problem solving scores for all subjects
demonstrates & significant relationship between TAQ level and problem
solving, When the analysis is limited to subjects of high aptitude, the
data tend to support the view that there is also & significant cereu»
effect, with the Shock stress condition superior, Within the Shock con-
dition, the Low TAQ group appears to be superior to the two higher TAQ
groups, vhile in the Control condition the Middle Anxious group tends to

be inferior to the two extreme TAQ groups.

! ‘ Reliability of the Problem Solving Measure

P

1 The reliability of the set of problems was estimated at ,56. Relia-

}, bility was estimated by applying the Spearman-Browm fotﬁula to the correla-
; tion, within the Control group, of two six-item subsets created by pairing

; items on difficulty level, Since the original order of the problems was
o determined in part by varying the difficulty level of successive problems,
i the subsets used in the reliability estimation approximated those of an

alternate-items reliability estimation.
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It was suggested that a subset of the problems might have almost
equally high reliability and be more responsive to the experimental varia-
bles, Accordingly, a supplementary analysis vwas executed, It was begun
by correlating each problem with the total problem solving score, Then,
those six problams which correlated most highly with the overall score
(all correlated at .41 or above) were combined into a new scale. The re-
1iability of this s:l.x-:li:em scale, computed in the same manner as for the
twelve-item scale, was .54, nearly as high as for the twelve-item scale,
although half its length.

Problem solving scores were obtained for all subjects on the basis of
this new scale, and breakdowns on stress, anxiaty, and aptitude level
parallel to those reported above were executed, The results of these anal-
yses indicated a pat:t;tn of relationships very similar to those based on
the twelve~-item scale, It appeared that iﬁ no instance would a relation-

ship not previously significant now reach a significant level. Accordingly,

this analysis was not carried further.
Anxiety Arousal Mechanisms

The next question to be examined is whether the TAQ and stress rela-
tionships with problem solving can be accounted for by the level of anxiety
arousal, as indexed by the ACL. The ACL means appropriate to the analysis
have been reported earlier, in Tables 1 and 2. The appropriate problem
solving means are in Tables 8 and 9,

It is clear that a simple, linear relationship relating ACL level to
the performance measures is not tenable, since superior problem solving is

associated with a significant increase in ACL-indexed anxiety when Control
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and Shock stress conditions are compared, but is inversely associated with
the degree of ACL increase, (and with initial and post-stress levels),
when TAQ levels within the Shock condition are compared,

One resolution of this appareant contradiction is to assume a cur-
vilinear relationship between ACL change and probldm solving, such that
a moderate degree of ACL change would be associated with maximal problem

solving performance, Thus, the Low TAQ Shock subgroup's increase of 1.95

from the first to the second ACL would be near the ma:;:lmnny effective level;
this subgroup had the highest problem solving score. The four subgroups
which clustered together on problem solving all showed either little change
or a considerable increase, while the subgroup lowest on problem solving,
Middle TAQ Control, was the only one to show a significant decline in ACL
level (this group's decline of 1.69 is significant at the ,02 level, t=2,67).
Somewhat contravening the probability that such a relationship is valid
are the correlations within the subgroups between problem solving and ACL
changen. Among the expectations arising from the curvilinear hypothesis
would be the following, with the relationships that were actually observed
1isted in parentheses: & positive relationship in the three Control sub-
groups, particularly in the Middle TAQ group (Observed: Middle Anxious,

=¢54; Low Anxious, ~-.14; High Anxious, =.28); a negative relationship in

21, These have been estimated by Quennoille's formula for the correlation
of one variasble with the difference batween two other variables:

Tp.S.(ACLD) TP,S. (ACL,)
P.8. (ACL,-ACL)) =

2(1-r )
A(!I.2 . ACLI
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the Middle and High Anxious Shock subgroups (Observed: Middle Anxious,
+.07; High Anxious, =.33). Only one of the five expected relationships
is even in the correct direction, Although there are definite limitations
on the validity of these correlations arising from the limited reliability
of the problem solving scale, the relati§ely small numbers of subjects in
each cell, and the restricted ranges on ACL, the overall lack of congruence
vith the patterns demanded by a curvilinear relationship remains impréssivo.
of par;icular interest is the appreciable negative correlation (r=-,54) in
the Middle TAQ group, which was at the low end of both the ACL change and
the problem solving distributions. |

There is thus serious question as to whether anxiety arousal, per se,
as measured by the ACL, played a major role in mediating the observed stress

and TAQ effects on problem solving.
Correlations

Block (1963, Appendix E) reports the correlations, with problem solving,
of all the indices of anxiety and attitude that were used, with groups
classified on the basis of aptitude level and stress condition.

The correlations with problem solving tend to be low and non-signifi-
cant, Because of the limited reliability of the problem solving battery,
the implications of this and the more specific findings are not clear;
they are, however, suggestive.

Perhaps of greatest interest is the fact that although the various
predispositional anxiety measures tend to be highly correlated among
themselves, their correlations with problem solving tend to be rather

different and to be dependent on the stress condition and aptitude levels
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of the subjects, Thus, for high aptitude subjects, the only predisposi-
tional measures which approach a significant level of correlation with
problem solving are as follows: for Control, the Anxiety Arousal Scale;
for Ego Stress, the Body Anxiety Scale and the debilitative subtest of
the Achievement Anxiety Scale; and, for Shock Stress, the TAQ., For low
aptitude subjects, still different scales tend to be the superior cor-
relates of problem solving performance, with the facilitative and debili-
tative subtests of the Anxiety Response Scale and the Anxiety Arousal
Scale being those which are most consistently high. Although these re-
lationships are of interest, their tmbortcncc 1s qualified by the limited
reliability of the problem solving scale, In view of this limitation, and
the fact that these relationships are somewhat peripheral to the primary
results of the study, they will not be further analyzed in the present

report,
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DISCUSSION

Effectiveness of Stress Manipulations

The measures of anxiety arousal taken during the session indicated
that the instructions were succesoful in increasing anxiety in the Shock-
threat condition and in reducing anxiety in the Control, low-threat,
condition, Comparisons between these two conditions are thus of interest.
Since the Ego-threat manipulations did not increase anxiety, the expected
comparison between stresses low gn,d ‘high in ego-threat ca‘nnot‘ be made.

There are several possible reasons for the ineffectiveness of the
Ego-threatening instructions. Pirst, the experimenter and the experi-
mental situation might not have been perceived as very central to the
subjects' real-life system of rewards and punishments. Second, it was
learned that the Air Porce subjects used in thie experiment had become
quite accustomed to public announcement of their relative standings on
tests; the threat of such announcements was one of the central ego-stress
manipulations. Pinally, these subjects represented a population that was
probably selected, in part, on the basis of ability to tolerate ego-threat.

The fact that there is definite evidence for the failure of the ego-
stress manipulations to arouse anxiety is of some interest i{n itself, for
it emphasizes the great importance of using measures of transient anxiety
arousal. It is significant that such measures of arousal have rarely been
used in studies of the effects of anxiety and stress on performance. Since
the kinds of stress manipulations in the Ego-threat condition were in most

respects similar to those used in other experiments, it seems very likely
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that the criterion of threat-related anxiety arousal has, unknowingly, not
been met in some previously reported experiments. It is even entirely pos-
sible that many experimental threat situations which have produced effects
on performance (learning achievement, for example) have not affected the
level of aroused anxict}. Further use of such repeatable indices of tran-
sient arousal level as the ACL and physiological indices might be very
helpful in clarifying some of the contradictory results that have been
reported,

Although the ACL proved an effective indicator of anxiety arousal,

the PPM did'not. There is no evidence to 1ndicat. why the PPM did not
reflect differences between the stress conditions; however, one distinct
possibility is that the PPM is related primarily to that type of anxiety
arising from feelings of ego-threat. Such stress situations as psycho-
therapy (Mowrer, 1953), Ph. D, oral examinations (Bixenstein, 1955) and
performing before an audience (Paivio and Lambert, 1959) are clearly
related to the ego-threatening aspects of anxiety; it is in such situations
that the clearest evidence for the validity of the PFM has been forthcoming.
The fact that the Shock stress condition did not produce an increase in PPM
level would then be consistent with the design of this stress manipulationm,
which included a reduction in ego-threat cues.

An alternative possibility is that only at higher levels of anxiety
than those extant here is the PPM index responsive to changes in anxiety
level.

It is also not possible to know for certain why the learning tasks
were not sensitive to differences in anxiety level and stress conditions.

A probable explanation centers about the fact that the subjects who were
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used had had, #3 a result of their activities in learning Chinese, a large
amount of training in rote learning. One result of such extensive train-
ing would likely be to make the individual mode of response to a rote
learning task less dependent on individual personality characteristics or
emotional states, and more dependent on reasonably adaptive habits. It
may be important that for most subject populations which have been used
in previous studies, the timed rote-learning procedure is quite a new
experience; this newness may be a major source of both the anxiety and

the potential for emotional disruption and facilitationm,
Reiationlhipl with froblcm Solving

The problem solving differences observed between the Shock and Control
conditions, and those related to TAQ level, are of interest, in spite of
the fact that the comparison with Ego~threatening stress conditions cannot
be made.

The inability to compare the results of Shock and Ego stress does,
however, limit the usefulness of any extensive discussion of the initial
theoretical model and hypotheses. In brief, those expectations that re-
main relevant are as follows: (a), Shock stress will facilitate perform-
ance in comparison with Control; (b), TAQ level will be positively related
to facilitation in Shock stress; (c), (en alternative to the previous
hypothesis), TAQ level will be curvilinearly related to performance in
Shock stress; (d), measures of aroused anxiety will be related to any
problem solving differences noted among the stress and anxiety subgroups.
Of these four hypotheses, the evidence supports only the first. The evi-

dence relevant to the second and third is clearly negative, and while the
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evidence for the fourth is ambiguous, it tends to be negative, at least
so far as the ACL index is concerned,

The evidence is consonant with that aspect of the original model con-
cerned with the facilitative effects of stress when the stress is low in
ego-threatening cues. It is of considerable interest that high anxious
subjects (as determined by TAQ scores) were not debilitated by the Shock-
stress condition, even though a significant increase in anxiety was pro-
duced in these subjects, This contrasts with the very common finding that
stresses high in ego-threat produce disruption for anxious subjects. Thus,
in spite of the failure of the ogo-ltteai‘nnnipul;tion, there is some sup-
port for the assumption that a stress low in ego-threat cues will have less
of a tendency to disrupt performance than a stress which is high in such
cues.

The evidence is quite clear, however, that the facilitation is not
wediated, in a simple multiplicative fashion, by the degree of anxiety
that is aroused. The aspects of the model leading to this expectation
are not supported. In consequence, each of the major findings will be
briefly discussed in terms of a simpler model, one in which "level of
self-confidence” 1s the central concept.

An initial question is why the anxiety and stress effects were cen-
tered primarily among high aptitude subjects. We would propose that level
of self-confidence is a critical mediator of the facilitative effects of
stress: only subjects who feel confident that by an increase in effort
they can in fact improve performance enough to avoid the painful conse-
quences of poor performance will be likely to direct their motivation to

such an increase in effort, and thus only confident subjects will show
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improved performance, Subjects high in intellectual aptitude would much
more likely have had a background of reinforcing experiences that would
contribute to having a high confidence level in an intellectual task
stress situation, and would therefore more likely respond to the Shock-
threat conditions by increasing effort. i
The concept of self-confidence also serves to explain the fact that
the improvement due to Shock stress was confined to subjects in the lower
and middle levels of test anxiety, for the ‘confidence level of such sub-

jects would be reasonably high, while the cohfidence level of subjects

who rate themselves as chronically cni:louo‘ in test situations would likely

be low.

The relationship with TAQ level within the Shock condition would be
congruent with the confidence level explanation, for it would depend only
on the preceding assumption of an inverse relationship between confidence
level and TAQ level., However, this type of explanation does not appear
applicable to the TAQ relationships found within the Control conditionm,
for in this condition the subjects had no grounds for expecting to avoid
a punishment or obtain a reward for superior performance. The observed
curvilinear relationship with TAQ level would therefore have to be ex-
plained on different grounds,

A curvilinear relationship in which the middle anxious subjects are
iunferior is an unusual one in anxiety-performance relationships; the only
major study reporting such a relationship is that by Travers, et al., who
found it to hold in only one of two replications, The most striking char-
acteristic of the Middle TAQ group in this experiment is its significant

decline in aroused anxiety after hearing the stress-reducing instructions.
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This is the only subgroup to show such a decline. One interpretation
for the fact that only the Middle TAQ subjects decline in anxiety would
be to assume that chronically high-anxious people tend to be relatively
unresponsive to threat-reducing cues, and that low-anxious people have
little anxiety to be reduced. The middle-anxious subjects, then, would
tend to be the only ones responsive to reductions in the stress stimuli,

The proposed interpretation for the poor problem solving observed
in this group is that the decline in ACL level was a result of a decline
in interest in the task, resulting from the threat-reducing instructions
given to the Control group. Such a reduction in interest level, in a
situation where there were no external demands for good performance,
would tend to produce poor performance on the subsequent problem solving
task,

The foregoing set of interpretations have implicit in them the
suggestion that anxiety, per se, is not an important determinant of per-
formance when the stress is performance-facilitative. The indices of
anxiety are assumed to be measuring other characteristics, the TAQ meas-
uring confidence level and the ACL measuring task-related 1nteteatvlcvel.

While the evidence for irrelevance of aroused anxiety level to the
stress and TAQ-related differences in problem solving is not conclusive,
it is clear that facilitation of problem solving performance by stress
is not dependent upon the production of a high level of anxiety. The
subgroup most highly facilitated on problem solving, Low TAQ Shock, was

in fact the group showing the smallest increase, and the lowest post-
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stress level, of ACL-indexed anxiety .

In relation to the facilitation by stress, observed among high ap-

h

titude subjects, it should be noted that this finding is consistent with

the findings of Cattell and Scheier (1958, 1960), who report that the
anticipation of a realistic threatening situation (running to exhaustion
on a treadmill) markedly decreased the level of the anxiety-related factor
they have labelled '"Neurotic Debility." They suggest that "challenge to
effort, with minimal involvement of major sentiment systems and their
attendant anxieties . . . stimulates the capacity to mobilize . « + "
The Shock stress t:ltu#tiou uséed in the prebeht: équrim'ent was designed to
»: have just these characteristics, They have further found that the "Neurotic
| Debility" factor is related to performance on a wide variety of cognitive
tasks, vhile the factor they label "Anxiety" does not relate to such per-
n ‘ formance. It is only necessary to equate "lack of confidence," which we
assumed TAQ to index, with "neurotic debility,” to make this finding con-
| sistent with the fact that in this experiment TAQ was related to perform-
ance, but the relationship was apparently not mediated by aroused anxiety

)' level.

Similarly consistent is Van Buskirk's (1961) recent finding, referred

to earlier, that fear-of-failure is negatively related to performance on

: 22, A decision as to hovw general this finding is would require further
investigation using as large a number of different indices of aroused
auxiety as possible; it is quite possible that other indices would
reflect a mediating role even though the indices used here did not,
The correlation among indices purporting to measure anxiety is no-
totfously low, as has been demonstrated by Lacey (1956) and by Mand-
- ler, Mandler, Kremen and Sholiton (1961),

e e
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complex reasoning tasks while anxiety-related Drive, as measured by the
Manifest Anxiety Scale, is positively related to performance. These
studies sirongly urge the usefulness of further attempts at discriminating

betveen the activation component of anxiety and other components.
Interaction of Task Characteristics with Stress and Anxiety Pactors

The discussion up to this point has spoken of stress-related facili-
tation and disruption as general effects, Yet it is highly probable that
tasks vary in their sensitivity to both disruption and facilitation.
stnco.only one\type of task was analyzed in the present experiment, it
is impossible to know to what extent the observed relationships with per-
formance depended on the special characteristice of the problem solving
task, We can, however, suggest some probable effects of task differences.

A notable difference between the type of problem solving task used
here and the typical rote learning task is in the length of the time
interval allowed for responding. The much longer period for response in
the problem solving task would in all likelihood make it less sensitive
to disruption through blocking by momentarily-competing responses and
through momentary lapses and shifts of attention. It is momentary ef-
fects which may be produced by the Drive, or arousal, components of an
anxiety response, The lack of any evidence of disruption within the
Shock condition could, then, be explained by assuming that the anxiety
arousal produced by the Shock-stress condition would not be likely to
have a disruptive effect on this task, although it might on tasks with

other characteristics,
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There is, then, question as to how much the facilitative effects of
stress in the present study depended on the task, and to what extent they
are generalizable to other kinds of performance. This can of course only
be answered through future experimuntation, in which both task and stress
characteristics are varied and where a separation is made among the sev-

eral probable components of the anxiety response,
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