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ABSTRACT
There has been some debate within test anxiety theory as
to the importance of physiological arousal and cognition
in the maintenance of this emotional state.
Recent
investigations have emphasised cognitive factors, such as
worry,
intrusive
thinking
and
cognitive
interference.
Earlier conceptualizations used the concept of hyperarousal
to explain the effects of anxiety on behaviour.
These
theories do not however explain the relationship between
cognitive factors and physiological arousal.
A theoretical
difficulty then arises when investigators use the arousal
concept to explain elements of their findings, with no
explicit explanation of how physiological arousal influences
cognition or the anxiety state.
The following studies
examined the
relationship of physiological arousal
to
perceptual and cognitive processes in test anxiety.
Study One aimed to replicate previous findings of cue
utilization changes in high test anxious subjects under
stress conditions.
The assumption being that high anxiety
leads to increased physiological arousal, and it is this
heightened arousal which changes cue utilization. Study One
revealed that increased arousal did change cue utilization,
by placing a greater emphasis on peripheral stimuli.
This
change in arousal however appeared in the low test anxious
group.
Studies Two and Three examined the influence of anxiety
and arousal on the utilization of visceral cues and the
accuracy of visceral perception.
Study Two found that high
test anxious individuals misperceived their heart rates to a
significantly greater degree than low test anxious subjects
and this misperception was more related to task demand than
actual physiological events.
Study Three used propranolol
(a beta-blocker) to decrease sympathetic arousal, and found
under these conditions, high test anxious subjects became
more accurate in their heart rate estimation and their
estimations were more
related to actual physiological
events.
Study Four then investigated the possibility that
expectation of task difficulty has a significant effect on
the performance of high test anxious individuals.
The
performance and self-report of highly test anxious subjects
were significantly effected by expectation of difficult
anagrams.
Physiological
arousal
did
not
change
significantly between anxiety groups or in relation to task
difficulty.
Cognitive interference however did appear to
influence performance, and the report of anxiety.

X

Studies Five and Six examined the effect of task
interfering statements and task facilitating statements on
performance, physiology and mood report.
In Study Five,
task interfering statements did not significantly influence
anxious
mood
report.
Physiological
and
self-report
variables did not respond to the statments manipulations.
General trends suggested that following task facilitating
statements, high test anxious individuals' performance did
marginally improve.
Study Six then investigated the effects of reducing
arousal on the impact of interfering and facilitating
statements.
Propranolol-induced arousal reduction did not
significantly alter self-report.
Propranolol
subjects
showed improved performance and rated task facilitating
statements as more typical of normal performance cognitions
than placebo subjects. Both groups were high test anxious.
It was concluded that increased physiological arousal
does alter percpetual processing and the manner in which
information is utilized both from the environment and from
internal cues.
Reductions in arousal in high test anxious
individuals led to more accurate perception of physiological
events and greater accessibility of positive cognitions
about task performance and the self.
The clinical implications of beta-blockade for
treatment of test anxiety are discussed along with
importance of a multi-faceted treatment approach.

the
the

CHAPTER ONE
INTRODUCTION TO ANXIETY

Definition and Description of Anxiety
The concept of anxiety holds a central position in many
theories of personality and psychopathology, since a great
proportion of human behaviours are thought to be affected by
it (McReynolds, 1976).
This emphasis upon anxiety perhaps
began with Freud who himself regarded anxiety as a "nodal
point" which links many important questions concerning the
psyche, and whose solution "must cast a flood of light upon
our mental life (Freud, 1920, in Strachey, 1959, p.401)".
Many attempts have been made to define the fundamental
nature of anxiety.
Despite these efforts, it has proven to
be a nebulous concept, capable of being viewed at one time
as a
transient emotion,
or
a stable
feature
of an
individual's behavioural repertoire (Spielberger, 1985).
Fifty years of theoretical and research activity focused on
anxiety, resulted in the realization that a unitary concept
was inappropriate (Borkovec, Weerts and Bernstein, 1977).
Anxiety is now seen as a complex and variable pattern of
behaviour involving several response systems.
The recent
definitions of this emotion reflect this view.
Lang (1985)
for example, proposed that there are three subsystems in
anxiety which are loosely coupled, presenting a variable
configuration
between
subjects
and
both
within
and
anxiety-provoking contexts.
These three subsystems consist
of verbal reports of distress, fear related behavioural
acts, and patterns of visceral and somatic activation.
The
first contains reports of anxiety, fear, dread and panic,
and their associated complaints of worry, inability to
The second refers to
concentrate, insecurity and so on.
observable acts such as avoidance, escape, hypervigiliance,
dysfunctional immobility, compulsive mannerisms, deficits in
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attention, performance and control. The last highlights the
sympathetic arousal associated with this emotion such as
increases in heart rate, blood pressure, sweating and muscle
tension.
Lang (1985) makes the point, that individual
physiological response patterns are highly varied.
Lader
(1983)
distinguishes four dimensions
in the
phenomenon of anxiety:
(1) the physiological, (2) the
cognitive, (3) the subjective and (4) the behavioural.
Here,
unlike the conceptualization of Lang,
cognitive
phenomena such as worry, inability to concentrate and
hypervigilance are separated from the behavioural (i.e.,
avoidance) and the subjective (i.e., report of dread). Both
authors agree however that physiological aspects of anxiety
According to Lader
are to be categorized separately.
(1982) "the ineffable feeling of foreboding (p.ll)" is
central to anxiety both in the normal emotion and in its
clinical manifestations.
This sense of impending doom in
association with extreme anxiety can be seen in normal
subjects following the infusion of beta-carbolines (Dorow,
Horowski, Paschelke, Amin and Braestrup, 1983) pointing to a
biologic substrate in anxiety (Lader, 1983).
The description of anxiety along four dimensions concurs
with clinical description of symptoms.
Beck and Emery
(1985)
also
divided
symptoms
into
four
categories:
cognitive,
affective
adjectives,
behavioural
and
physiological.
Cognitive symptoms included sensory and
perceptual difficulties, hazy or foggy mind, feelings of
unreality, hypervigilance, thinking difficulties, difficulty
in concentration, unable to control thinking, difficulty in
reasoning;
and conceptual factors such as fears of losing
control, being unable to cope, physical injury or negative
evaluations.
Affective symptoms vary from edginess and
tension, to terror.
Behavioural symptoms are reflected in
three major response modes;
mobilization, inhibition or
demobilization, sometimes referred
freeze, faint response (p.48)".

to as "fight, flight,
Physiological symptoms
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primarily reflect heightened sympathetic activity,
but
include some parasympathetic activity.
Anxiety reactions
vary in severity and not every reaction will contain all of
these factors.
Beck's description of symptoms is intended
to highlight factors in pathological anxiety yet many of
these symptoms are seen in normal anxiety.
In the
definition of anxiety therefore one also needs to separate
transient and dispositional factors.
The differentiation of state and trait anxiety is a
crucial one,
since state anxiety may be occasionally
experienced by everyone, however those who are trait anxious
differ markedly in the frequency and intensity with whch
these states are experienced from the non-trait anxious.
Spielberger has defined both the state and trait aspects of
anxiety.
State anxiety consists of subjective, consciously
perceived feelings of tension, apprehension, nervousness and
worry, accompanied by, or associated with, activation and
arousal of the autonomic nervous system and may be initiated
by
either
external
stressors
or
internal
stimuli
(Spielberger, 1966, 1972a, 1975a, 1975b, 1979, 1985).
The
intensity
and
duration
of
an
anxiety
reaction
is
proportional to the amount of threat the situation holds for
the individual, and the persistence of the evoking stimuli
(Spielberger, 1985).
Trait anxiety, on the other hand, refers to individual
differences in the tendency to see the world as dangerous
and threatening, and in the frequency that state anxiety is
experienced over long periods of time (Spielberger, 1972a,
1972b, 1979, 1985).
From this it can be seen that the
concept of trait anxiety is primarily a cognitive one, and
in trait anxious individuals state anxiety is the emotion
resultant from the activation of beliefs that the situation
is dangerous.
It is interesting to note that people high or
low in trait anxiety do not differ in their reactions to
physical dangers, such as threat of electric shock (Hodges
and Felling, 1970;
Hodges and Spielberger, 1966) or
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imminent surgery (Spielberger, Auerbach, Wadsworth, Dunn and
Taulbee, 1973).
They do however differ markedly in the
tendency to perceive danger in their relationships with
other people.
Individuals high in trait anxiety respond to
interpersonal threats with greater elevations in state
anxiety,
especially if
situations
involve
threats
to
self-esteem (Spielberger, 1972a, 1975a, 1977, 1979).
In
general,
individuals high in trait anxiety are more
vulnerable to the negative effects of being evaluated by
others because they tend to be low in self-esteem and lack
confidence in themselves (Spielberger, 1985).
These definitions highlight dimensions of anxiety which
need to be assessed to gain an accurate picture of this
emotion.
The degree to which any component is emphasized
however depends largely on the theoretical stance taken.
Spielberger (1985) for example highlights cognitive factors
in the persistence (trait) of anxiety, and a cognitive
process (worry) in the state of anxiety.
This concurs with
recent theoretical formulations which emphasize cognitive
content, and cognitive and attentional processes in anxiety
(Beck and Emery, 1985;
Borkovec, 1985;
Sarason, 1984;
Wine, 1982).
The cognitive explanation of anxiety has
de-emphasized
physiological
arousal,
ascribing
it
an
informational role rather than a causal role.
Psychophysiologists like Lader, on the other hand,
emphasize physiological
processes
and arousal
in
the
experience of anxiety.
In this type of conceptualization,
anxiety and hyperarousal are regarded as largely the same
entity.
This notion originated in the earlier work of
activation theorists such as Duffy (1962) and Malmo (1959).
Just as cognitive concepts are replacing the concept of
arousal in the explanation of anxiety in contemporary
theory, arousal in its turn replaced the traditional and
seemingly more confusing concepts of drives and motives.
Arousal seemed to offer a simplicity lacking in other
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could be considered a physiological intervening variable.
It referred not to overt activity, but the release of energy
into physiological
systems,
in preparation
for
overt
activity.
If overt activity occurs, activation accompanies
and sustains it.
Since stimulus situations for the human
organism differ, the patterning of activation varies to
adjust to the demands of the particular conditions.
In a review of studies completed before 1957, Duffy
(1957) suggested that research results pointed to anxiety
proneness
being
a
form
of
overarousal
or
hyperresponsiveness. Later, Duffy (1972) defined anxiety as
"a high degree of activation, with overt or symbolic
responses directed away from something, whether it be an
undesirable event, or barriers to the occurence of a
desirable event (p.612)".
The
various
physiological
manifestations
commonly
observed with the state of anxiety are thought to reflect
physiological arousal.
A variety of physiological indices
have been used to assess the physiology of anxiety.
These
include heart rate (HR), electrodermal activity, muscle
tension, blood pressure (BP), temperature,
respiration,
pupilliometry
and
electroencephalographic
measurement.
Biochemical measures have also been used to assess the
secretion of hormones such as epinephrine, norepinephrine
and their metabolites, and the corticosteroids.
Psychophysiologists
have
investigated
physiological
responsivity in anxiety using a wide range of stimulus
conditions, such as shock, daily life stress or mental
arithmetic.
A wide spectrum of anxious individuals have
also been assessed from the chronically anxious hospitalized
patient, to those in whom normal anxiety has been induced

through experimental manipulation.

The most widely used

electrophysiological
indices
in
anxiety
research
have
involved the assessment of cardiovascular, electrodermal and
respiratory activity.
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Psychophysiological Assessment of Arousal in Anxiety
Cardiovascular Measurement
In
psychophysiological
investigations
of
anxiety
disorders, and the less chronic anxieties, many studies have
utilized heart rate (HR) as an objective index of anxiety
(Borkovec, Weerts and Bernstein, 1977;
Freedman, Ianni,
Ettedgui, Pohl and Rainey, 1984;
Martin and Stroufe, 1970;
Mathews and Lader, 1971;
Van Egeren, Feather and Hein,
1971).
The attention to cardiovascular measurement is
perhaps in part related to the historical nomenclature for
anxiety neurosis, which was the "irritable heart" syndrome
(Wamboldt and Insel, 1988).
In most studies heart rate is
interpreted as reflecting the state of the autonomic nervous
system.
This leads to the assumption that in anxious
individuals, a fast HR can be equated with heightened
adrenergic action (Papilla, Murphy and Gorman, 1988).
Cardiovascular Activity of Non-Anxious
Exercise and Experimentally-Induced Threat

Individuals

in

In evaluating variations in HR in response to anxiety
provoking stimuli, it is important to note that the heart is
controlled by intrinsic autoregulatory mechanisms.
It is
also influenced by peripheral blood circulation and by
central nervous system factors.
This is so that i t may
serve its primary function, to assist in the maintenance of
metabolic homeostasis (Papilla, Murphy and Gorman, 1988).
There
has been strong empirical
evidence
that under
non-emotional conditions, HR and somatomotor activity are
tightly coupled (Obrist, Webb, Sutterer and Howard, 1970;
Obrist, Webb and Sutterer, 1969;
Obrist, Howard, Lawler,
Galosy, Meyers and Gaebelen, 1974).
Thus, an increase in
somatomotor activity, such as in exercise, is associated
with an increase in HR.
Further, it has been found HR
increases as an orderly function of graded exercise (Turner
and Carroll, 1985;
Carroll, Turner anq Hellawell, 1986;
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Carroll, Turner and Prasad, 1986), thus it adjusts to the
metabolic demands of the task.
This linking of cardiac and
somatic activity takes place within the central nervous
system via vagal innervations to the heart (Obrist, 1981;
Obrist, Lawler, Howard, Smithson, Martin and Manny, 1974;
Obrist et al., 1969; Obrist, et al., 1970).
Psychologically challenging tasks on the other hand
elicit cardiac adjustments in excess of those expected on
the basis of concurrent levels of energy expenditure
(Gliner, Bunnell and Horvath, 1982;
Langer, McCubbin,
Stoney, Hutcheson, Charleton and Obrist, 1985;
Turner and
Carroll, 1985;
Turner, Carroll and Courtney, 1983).
In
particular heart rate has been found to be sensitive to task
difficulty levels, and differentiates between easy, hard and
impossible tasks in mental arithmetic (Carroll, Turner and
Hellawell,
1986;
Carroll,
Turner and Prasad,
1986),
anagrams (Van Schijndel, Del Mey and Naring, 1984) and
Raven's matrices (Carroll, Turner and Hellawell, 1986).
Further uncoupling of cardiac and somatic activity can be
seen in the face of avoidable shock.
Studies have demonstrated that subjects who perform a
shock-avoidance reaction time task show greater increases in
sympathetic (beta-adrenergic) myocardial activity than to
unavoidable shock or cold pressor stress tests {Obrist,
Gaebelen, Teller, Langer, Grignolo, Light and McCubbin,
1978;
Light and Obrist, 1970).
Obrist et al. { 1978)
reported relatively sustained increases in HR during a shock
avoidance procedure, in which the criterion for avoidance
was hard. When it was easy to the extent that avoidance was
guaranteed, or difficult to the extent that avoidance was
impossible, cardiac reactions showed more attenuation over
time. No measure of affect was taken.
Epstein and his colleagues conducted a
series of
experiments investigating physiological reactivity in the
anticipatory period prior to the delivery of a noxious
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stimulus.
In one experiment (Epstein and Clarke, 1970)
subjects were told either an underestimation, overestimation
or a correct estimation of the intensity of an unavoidable
sound stimulus.
HR during the anticipatory period was
directly related to the anticipated intensity of noxious
stimulation, with the high threat group (overestimation)
showing highest levels of HR.
Increases in HR prior to
completing a stressful or dangerous task have also been seen
in parachuting ( Fenz and Epstein, 1967;
Fenz and Jones,
1972) and sliding down a 60ft zipwire (Lewis, 1984).
Epstein and Roupenian ( 1970) manipulated the certainty of
receiving electric shock.
In the anticipatory period, the
5% certain of receiving shock group displayed the highest
level of HR, and also showed the greatest impact upon
receiving the shock.
The 95% sure group showed the lowest
HR levels.
These studies indicate that increases in
sympathetic activity is not only related to the presence of
noxious or threatening stimuli, but also to the certainty of
avoidance.
Increases in HR have also been seen in anticipation of
and in response to stimuli which cannot be construed as
physically dangerous.
Penzien, Hursey, Kotses and Beazel
(1982) manipulated stress by telling subjects that a piece
of text they were to read out loud was a speech and would be
evaluated.
The non-stress group was told the reading task
was to assess the
readability of the text material.
Reliable HR increases were seen prior to reading the text
with the stress group exhibiting greater accelerations than
the non-stress group.
Roberts and Weerts ( 1982) examined
the physiological responses of subjects who vividly imagined
scenes they reported to be fear inducing.
HR and systolic
In a similar
BP increased in response to the fear images.
vein, Lichstein and Lipshitz (1982) investigated the effects
of five
fearful
imagery themes on psychophysiological
responses.
HR acceleration in response to fearful imagery
was seen in 66% of student subjects.
State anxiety (STAI
assessed) however did not differentiate the aroused from the
non-aroused.
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It can be seen that psychologically challenging tasks,
threatening stimuli both physical and psychological, and
emotive imagery all produce cardiac increases beyond the
metabolic requirements of the task.
This physiological
adjustment
can probably be
related
to
the
cognitive
processing required by the task, and the initiation of
adaptive responses in the face of threat.
Thus while vagal
innervation to the heart link heart rate and somatomotor
activity, sympathetic, beta-adrenergic influences appear to
respond to psychologically challenging and anxiety-provoking
stimuli.
Papilla, Murphy and Gorman (1988) speculate that
some portion of the HR increase, which is metabolically
excessive, may represent an anxiety component.
This is
difficult to assess since many studies inducing stress in
Studies
normal subjects do not measure anxiety levels.
utilizing the chronically anxious however casts further
light on this relationship.

cardiovascular Activity in Anxiety Patients
Patients
diagnostically denoted
as
suffering
from
anxiety neurosis, generalized anxiety, panic disorder or
phobia, show a number of differences to normal controls on
cardiovascular indices.
White and Gilden (1937) were among
the first to observe that anxious patients had higher heart
rates
than normal
subjects.
Kelly and Walter
( 1968)
similarly found patients with chronic anxiety had higher
resting heart rates than normal controls.
The patients had
a mean HR of 97 beats per minute (bpm; n=41) compared to 74
bpm (n=60) of the control group.
Lader and Wing (1966)
reported definite tachycardia in anxious patients (M = 92
bpm, n=20) when compared to normal controls (M=76 bpm,
n=20). This finding was replicated by Bond, James and Lader
(1974).
Phobic

patients

also

characteristically respond with
higher levels of heart rate to stimuli, particularly phobic
Hare, 1973;
Sartory, 1986;
material (Craighead, 1972;
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Watson, Gaind and Marks, 1974).
Hare (1973) found that
spider
phobics
responded
to
spider
stimuli
with
HR
acceleration,
while
non-phobics
responded
with
HR
deceleration.
Craighead ( 1973) informed a group of snake
phobic subjects that they would be placed in the proximity
of a snake.
After ten minutes of quiet sitting the mean
resting HR was 85.03 bpm.
This rose to 96.08 bpm at the
point where each subject stopped advancing toward the snake.
Watson, Gaind and Marks (1972) reported one balloon phobic
patient showed little HR increase during fantasy. During in
vivo practice, however, his HR exceeded 150 bpms for almost
15 minutes as balloons were repeatedly burst around him.
While most phobic responses have elevated HR, the anxieties
and phobias associated with blood and mutilation are
accompanied by decreases in HR (Curtis and Thyer, 1983).
This HR decrease is additionally seen in individuals who are
not dispositionately anxious but are presented with stimuli
containing mutilated victims (Katkin, Blascovich, Reed,
Adamec, Jones and Taublieb, 1982).
Much of the recent work in anxiety has dealt with the
Liebowitz, Gorman,
onset and experience of panic attacks.
Fyer et al. (1985) found that patients diagnosed as having
panic disorder displayed higher resting levels of HR, prior
to
sodium lactate
infusion,
when compared
to
normal
controls. Those subjects who went on to have a panic attack
following infusion,
had higher resting HR than those
patients who did not.
The authors concluded that patients
with panic disorder are in a chronic hyperadrenergic state.
It must be noted however that there is virtually no
beta-adrenergic stimulation to the heart at rest, while
vagal stimulation to the heart remains constant even at rest
(Papillo, Murphy and Gorman, 1988).
This casts some doubt
on the explanation that it is adrenergic stimulation which
mediates the higher resting HR seen in anxiety patients. If
these higher heart rates are adrenergically stimulated, it
indicates that the patient may not truly be at rest or
baseline levels.
This study also highlights the difficulty
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of obtaining a baseline, or resting level reading in the
laboratory.
Naturalistic, telemetric studies cast doubt on
resting HR differences between panic patients and anxious
normals.
Freeman, Iannic, Ettedgui and Puthezath (1985) compared
panic disorder patients with normal controls on measures of
HR, finger temperature and self rated anxiety over a 24 hour
period.
The results indicated no differences between
patients and controls on HR, in their natural environment.
Substantial increases in HR were seen in panic attacks only.
This finding is in direct contradiction to laboratory
findings which show that resting levels of HR are higher for
panic patients.
It has been a consistent finding that anxious patients
show higher resting HR within the laboratory, and phobic
patients
respond
to
phobic
stimuli
with
substantial
increases in HR.
Panic disorder patients appear to be
following the trend of general anxiety patients in the
laboratory displaying higher resting heart rates.
Studies
which show no difference between panic and non-panic
subjects in natural settings however cast some doubt on the
laboratory findings.
It may well be the laboratory setting
which is contributing to the higher resting HR in both
general anxiety and panic patients.
Cardiovascular Activity and Anxious Normals
Investigations
of
the
relationship
between
trait
anxiety,
state
anxiety
and physiological
change
have
produced less clear findings.
Many studies have used
correlational methods to assess if normal or non-clinical
The results
anxiety is related to physiological change.
have been equivocal.
Some studies report significant
correlations between HR and state anxiety in response to
stressors such as mental arithmetic and shock (Kelly, Brown
and Shaffer, 1970;
Korn, Ascough and Kleemeier, 1972) and
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biofeedback training (De Good and Redgate, 1982).
Other
studies
however
report
small
and
non-significant
correlations
between
these
(Hodges,
1963;
variables
Weinstein, Averill, Opton and Lazarus, 1968;
Leitenberg,
Agras, Butz and Wincze, 1971;
Sartory, Rachman and Grey,
1982).
Further in studies which have investigated the
relationship between HR and trait anxiety, non-significant
correlations abound (Hodges and Spielberger, 1966;
Kern,
Ascough and Kleemeier, 1972;
De Good and Redgate, 1982).
HR increases in response to exam stressors and their
relationship to state anxiety will be examined later.
Despite Spielberger's (1985) affirmation that increased
autonomic activity accompanies state anxiety, many studies
find no relationship between these variables.
Still fewer
find that trait anxiety is related to the propensity for
cardiovascular change.
Experimentally-induced stress does
produce HR change, but it is unclear whether this is related
to anxiety.
Thus the relationship between non-clinical
anxiety and cardiovascular changes remains unclear.
This is however not the only aspect of the relationship
between cardiovascular activity and anxiety which remains
undefined.
It has been known for fifty years that the
hearts
of
anxious
patients
beat
faster
than
their
non-anxious counterparts, with such patients having higher
mortality rates resulting from increased cardiovascular
disease (Coryell, Noyes and Clancy, 1982).
The precise
physiological and/or neurological mechanism underlying this
phenomenon as yet remains entirely obscure (Papilla, Murphy
and Gorman, 1988).
In the assessment of physiological anxiety, heart rate
has consistently been the most popular cardiovascular
measurement.
It has shown itself to be sensitive to threat
conditions, as well as perceptual, cognitive and motor task
requirements.
HR increases are difficult to interpret
however, since task requirements and threat aspects of these
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stimuli and others in the environment may interact. Further
HR does not reflect all the beta-adrenergic effects on the
myocardium (Obrist, 1981) and thus changes which do not
effect
the
speed
of
contractions
may
be
missed.
Nevertheless,
HR does respond consistently enough to
anxiety-provoking stimuli for it to be regarded as a valid
anxiety measure.
Electrodermal Activity and Anxiety
Measures of electrodermal activity have been used to
index variations in physiological arousal and emotional
reactivity in a large number of studies (Papilla, Murphy and
Gorman, 1988).
The principal effector in such measurement
is the sweat gland, which serves an important role in the
thermoregulatory processes of the organism and is responsive
to a wide range of psychological manipulations (Venables and
Christie,
1980).
While
both
the
functional
and
neurophysiological aspects of sweating as they relate to
thermoregulation
are
well
understood,
the
biological
significance of emotional sweating is uncertain and has
caused
some
debate
(Edelberg,
1972).
Changes
in
electrodermal activity are seen in response to neutral
stimuli,
internal
events,
as
well
as
stressful,
anxiety-provoking and emotional stimuli.
Anxiety is regarded by some as one of the basic human
mood states (Beck and Emery, 1985; McNair and Lorr, 1964).
Since changes in electrodermal activity are prominent in
such states, the significance of emotional sweating is often
examined from the perspective of its evolutionary function.
Hence its contribution to the arousal and activation of the
organism in response to threat.
Empirical studies examining the interrelationships among
electrodermal
activity
measures
(level,
magnitude,
frequency, recovery rate) have provided some support for the
notion that under certain conditions the various measures
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may reflect different psychological states (Davidson, 19i8;
Lockhart, 19i2;
Sharpless and Jasper, 1956;
Venables and
Christie, 1980).
There has for example been some debate as
to the significance of skin resistance responses ( SRR) as
compared to skin resistance levels (SRL).
SRR may occur in
response to a defined external stimulus, or in response to
no known
stimulus
(in
this
case
SRR are
known
as
non-specific SRR - Venables and Christie, 1980).
SRL and
SRR almost certainly reflect differing central nervous
system
processes
(Sharpless
and
Jasper,
1956)
yet
researchers have in the past used them interchangeably as
indices of arousal (Claridge, 1981).
There has been some
speculation that SRL reflect cognitive rumination, while
non-specific SRR reflect emotional arousal (Davidson, l9i8;
Katkin, 1965;
Kilpatrick, 19i2).
This has led to the
suggestion that the components of anxiety namely cognitive
rumination
or
worry,
and
autonomic
arousal
can
be
meaningfully differentiated on the basis of electrodermal
measures (Davidson, 19i8). The validity of this proposition
has yet to be evaluated.
Electrodermal Activity in Anxiety Patients
Many studies have attempted to distinguish between
psychiatric patients and normals on the basis of their tonic
and phasic electrodermal activity.
As early as 1932,
Odegaard had noted that patients with anxiety had unstable
and active skin potential records.
Later, Gilberstadt and
Maley ( 1965) compared anxious and depressed patients and
found high levels of skin conductance in the former group.
Zuckerman, Persky and Curtis ( 1968) also compared anxious
and depressed patients with normal subjects.
Spontaneous
skin conductance fluctuations did not distinguish patients
from normal controls, although anxiety levels did correlate
with this variable.
McReynolds, Acker and Brackbill (1966)
attempted to substantiate a relationship between subjective
and autonomic indices of anxiety.
Using a sample of
psychiatric patients (schizophrenic, depressive, anxiety
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reactive and psychophysiologic disorders),
palmar skin
conductance (level) and palmar sweat (sweat index) were
taken over a number of weeks along with subjective measures
of anxiety. No relationship was found between autonomic and
subjective measures.
The authors concluded that "while
variables such as basal conductance and palmar sweat can be
measured according to rigorous procedures, evidence is
lacking that they consistently reflect anxiety in the sense
that this concept is generally used (p.355)".
In a classic series of studies, Lader and his colleagues
examined the characteristics of skin conductance responses
in anxious patients as compared to normal subjects. Using a
habituation paradigm they found that (a) normal controls'
skin conductance level dropped over the course of the
session whereas patients' skin conductance level rose;
(b)
the patients' skin conductance responses habituated more
slowly than normals';
(c) patients had more spontaneous
skin conductance fluctuations;
and (d) the rating of overt
anxiety, habituation state and number of skin conductance
fluctuations
correlated significantly (Lader and Wing,
1966).
These findings have been replicated several times
(Horvath and Meares, 1979;
Raskin, 1975).
Bond, James and
Lader (1974)
found that normal control subjects' skin
conductance levels rose during an active reaction time task,
while patients' skin conductance levels remained the same.
Patients' levels however were nearly twice that of controls.
Lader (1967) compared five patient groups with normal
controls examining habituation rates. The five patient
groups consisted of (a) anxiety with depression,
(b) anxiety states, (c) agoraphobics, (d) social phobics,
(e) specific phobias. Habituation rates were slowest in the
increasing
in
rate
anxiety
with
depression
group,
The fastest rate of
sequentially through groups A to E.
The number
of
habituation was
in normal
controls.
spontaneous skin conductance fluctuations was lowest in
normal controls and highest in anxiety with depression
patients.
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Phobic stimuli also influence the level of electrodermal
activity, particularly in phobic patients.
In normal
subjects potentially phobic stimuli, such as spiders and
snakes,
can
retard
the
skin
habituation of
galvanic
responses
(Ohman,
Eriksson,
Fredriksson,
Hugdahl
and
Olofsson,
1974).
Hare
(1973)
found skin conductance
responses to spider slides were larger and more resistant to
habituation in spider phobics than non-spider phobics. Skin
conductance and subjective anxiety have also been found to
successfully differentiate phobic and neutral stimuli in
phobic patients (Marks, Marset, Boulougouris and Hudson,
1971).
Increases in autonomic activity during imagery were
roughly proportional to the reported intensity of imagery.
Chronically anxious patients do appear to have more
electrodermal activity both at rest and in response to
stimuli within the laboratory.
Electrodermal measures also
appear to differentiate anxiety categories, with a gradual
increase in skin activity as the diagnostic severity of
anxiety increases.
If Davidson (1978)
is correct in
assuming that spontaneous (or non-specific) skin responses
reflect
emotional
arousal,
then anxious
patients
are
displaying more emotional arousal than non-anxious controls.
Electrodermal Activity in Experimentally-Induced
State Anxiety and Trait Anxiety

Stress,

Experimentally-induced stress can produce changes in
electrodermal activity, similar to that of anxiety states.
Shock, or threat of shock, has been a popular way of
inducing stress in subjects.
During anticipatory periods
subjects characteristically respond with increases in tonic
levels of skin conductance and increases in the number of
spontaneous skin conductance fluctuations
(Epstein and
Clarke,
1979;
Epstein,
Rosenthal and Szpiler,
1978;
Epstein and Roupeman, 1970;
Katkin, 1966;
Miller and
Shimavonian, 1965).
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State anxiety is thought to engender similar changes,
though results suggest the relationship between this state
and arousal is not as clear as initially supposed.
Katkin
(1966) reported a significant relationship between the state
anxiety form of the Affect Adjective Check List (AACL) and
non-specific galvanic skin responses to a stressor involving
threat of shock.
Kelly, Brown and Shaffer ( 1970) however
after obtaining a significant correlation between HR and
state anxiety, found no such relationship between anxiety
and skin conductance level, or spontaneous skin conductance
responses.
Kilpatrick (1972) divided thirty-two subjects
into high or low stress groups. The stress manipulation was
based upon the evaluative nature of performing the Halstead
Tonic levels of skin conductance did not
Category Test.
respond to the stress manipulation, however phasic responses
did .increase under stress.
There were no state anxiety
(STAI assessed) differences between the stress groups.
The lack of consistent findings may result from the
individual pattern of physiological responding seen in
response to threat. Lichstein and Lipshitz (1982) used five
fearful
imagery
themes
to
assess
psychophysiological
responding.
State anxiety measures did not differentiate
the aroused from the non-aroused subjects.
Only 38% of
aroused subjects showed increases in skin resistance levels,
while 66% showed cardiovascular increase and 16% had
increases in muscular tension, assessed by electromyograph.
Of these subjects, only 9% experienced arousal in all three
medi urns, and of the total sample 2 4% did not experience
increases
in
cardiovascular,
electrodermal
or
electromyographic indices.
This highlights the importance
of assessing more than one physiological system's reaction
to stress.
The large differences found between patient groups and
normal controls in electrodermal activity,
led to the
expectation that trait anxious and non-trait anxious would
also differ.
This does not appear to be the case.
For
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example, in a recent study Kimmel and Bevill (1985) took a
group of 20 female university students and subjected them to
a
habituation
paradigm.
Following
consecutive
two
non-responses, a single, novel tone was introduced.
Stress
was manipulated by instructing one half of subjects that an
intelligence test would follow the tone sequence.
Subjects
in the stress conditon took longer to habituate and made
larger skin conductance responses to the novel stimulus
following habituation.
Trait anxiety ( STAI assessed) was
measured prior to experimentation.
The authors found that
trait anxiety did not interact with any effect, nor exerted
any effect of its own. State anxiety was not assessed.
Investigations of electrodermal activity in normal
anxiety have had far less consistent findings than those
using anxiety patients. Experimentally-induced stress using
shock or threat of shock does produce electrodermal change,
consistent with increases in anxiety. Those studies not
using a physical threat or stressor, but using, for example,
an evaluative stressor, do not find electrodermal activity
to be related to anxiety.
It may be that differing threat
configurations elicit differing patterns of physiological
responsivity.
Respiration, Induced-Stress and Anxiety
Fewer studies concerning the psychophysiology of emotion
have focused specific attention on the use of respiratory
measures for indexing or differentiating among emotional
states (Dudley, 1969;
Feleky, 1916;
Finesinger, 1944;
Stevenson and Ripley, 1952).
Yet recent studies have
demonstrated that (a) the respiratory system is responsive
to psychological stressors (Garsson, 1980;
Marissakalian
and Michelson, 1982);
(b) i t is also responsive to the
modulating
effects
of
paced
respiration
on
both
physiological
and
psychological
components
of
stress
(Harris, Katkin, Lick and Habberfield, 1976;
McCaul,
solomon and Holmes, 1979);
and (c) there are similarities
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in symptoms produced by stress-induced respiratory changes
with those most often reported by anxious individual (Clark
and Hemsley, 1982).
Results concerning the effects of stress on respiratory
indices have generally been consistent. Under conditions of
heat
stress,
threatening
imagery,
threat
of
shock,
variations in information load and pain, the main changes
appear to be:
(1) increases in respiratory rate, (2)
increases in minute ventilatory volume, (3) irregularity of
breathing, (4) alterations in tidal volume of respiration,
and (5) decreases in blood and alveolar carbon-dioxide
levels as compared to baseline (Bechbache, Chow, Duffin and
Orsini, 1979;
Fenz and Jones, 1972; Garssen, 1980;
Jong,
Berg, and Jong, 1975; Liberson and Liberson, 1975; Salter,
Meunier, and Triplett, 1976;
Suess, Alexander, Smith,
sweeney and Marion, 1980;
Willer, 1975).
For example,
Suess et al.
( 1980)
found
significant
reductions
in
end-tidal carbon-dioxide levels and increased respiration
rate, as compared to baseline, in subjects anticipating
electric
Increased
shock
during a
perceptual
task.
respiration rate and thoracic breathing seem to be the most
common ways to achieve this drop in arterial carbon-dioxide
tension (tum, 1976;
Sharp et al., 1975).
Further, using
carbon-dioxide measures to assess the effects of stress,
suggests that alveolar and arterial carbon-dioxide pressures
may vary inversely with stressor intensity (Garssen, 1980).
The
sensitivity
of
respiration
to
physical
and
psychological
stressors,
generated
interest
in
the
assessment of ventilatory function in anxiety disorders.
Among neurotic, phobic and trait anxious individuals a
number of respiratory changes have been noted.
These
include
increased
respiratory
rate,
increased
minute
ventilatory volume and decreased carbon-dioxide levels
(Coppen and Mezzey, 1960;
Lande, 1982;
May, 1977;
Skarbek, 1970). Further, it has become increasingly evident
that some patients suffering from anxiety states are
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actually experiencing symptoms secondary to hyperventilation
(Campernolle, Hoogduin and Joelle, 1979;
Lum, 1975).
Rapid, thoracic breathing styles appeared to be a normal,
time-limited response to threat, and also apparently become
a stable feature of people suffering from anxiety (Grossman,
1983).
Further evidence for the involvement of the respiratory
system in anxiety states comes from studies which require
subjects to breath at certain rates while undergoing
experimental procedures.
Thyer, Papsdorf and Wright (1984)
asked subjects to complete two minutes of intentional
hyperventilation
(one
breath
per
second).
The
hyperventilation was accompanied by increased tachycardia
and indications of peripheral vasoconstriction, in addition
to heightened self-report of anxiety and autonomic arousal.
Using a different strategy, Clark (1978, cited in
Papilla, Murphy and Gorman, 1988) found that subjects who
paced their breathing rates at eight breaths per minute
experienced less anxiety while watching a stressful film as
compared to subjects taking 16 to 24 breaths per minute.
The group who paced their breathing at 24 breaths per minute
reported the highest level of anxiety. There were also
significant
correlations
between
respiration
rate
and
self-report of anxiety, though anxiety did not correlate
with changes in cardiac or electrodermal measures.
Many
studies have found strong relationships between respiration
and the subjective experience of anxiety (Lande, 1982;
Mathews and Gelder, 1969; McCaul, Solomon and Holmes, 1979;
McCallum, Burch and Roesler, 1969;
Oken, Grinker, Heath,
Korchin, Sabshin and Schwartz, 1962;
Paul, 1969).
For
example, Huey and West (1983) found a positive correlation
(ra0.42, p<0.0001, n=385) between the trait scale of the

STAI and a hyperventilation screening questionnaire.
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It appears then that in normal anxiety as well as
clinical anxiety, individuals are aware of changes in
breathing rates. The use of correlation analyses does not
permit a prediction as to the direction of the relationship
between
these two variables.
Certainly, some authors
believe that anxiety is a response to hyperventilation (Lum,
1975, 1976), while others regard anxiety as antecedent to
hyperventilation (Beeson, McDermott and Wyngaarden, 1979;
Kolb, 1977).
In

sum then electrophysiological measurement has shown
that HR increases are related to the metabolic requirements
of
tasks
like
exercise, however
in psychologically
challenging
tasks, the
increase is metabolically
HR
excessive.
It has been
shown that HR
elevates in
anticipation
of
stressful
tasks
particularly
those
containing some physical threat such as shock, though
evaluative stressors also produce such increases. Fearful
images elicit HR changes in some subjects.
In

clinically anxious individuals higher resting and on
task heart rates are seen in the laboratory. For phobic
subjects proximity to a phobic stimulus also increases HR
except in blood phobics who exhibit HR decreases. Panic
disorder patients display the expected higher resting HR in
the laboratory but not in naturalistic settings. Trait
anxiety does not appear to correlate with HR while state
anxiety is related to HR in some cases though not in others.
The type of stressor used to induce stress may play a role
in this relationship.
These studies show that HR is sensitive to physical and
psychological stressors through accelerative increases. The
relationship of HR to anxiety is less clear. While it is an
accepted
fact that the hearts
of clinically anxious
individuals beat faster, recent naturalistic studies of
panic disorder patients suggest the possibility that resting
levels may not be as elevated as originally thought. Since
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that the tendency to perceive threat functions independently
of autonomic arousal.
This highlights possible cognitive
factors in the aetiology and maintenance of anxiety.
Cognitive Factors in Anxiety
Among the many cognitive capabilities of humans, the
ability to create mental representations of past events, and
anticipated future events, has great significance (Borkovec,
1985).
This representational process provides individuals
with the extremely adaptive skills of planning and problem
solving.
The ability to use this capacity to present
internal stimuli representing past or anticipated aversive
events, provides individuals with the potential for creating
anxiety in the absence of any existing threat (Borkovec,
1985).
The cognitive theories of anxiety rely upon this ability
to explain the aetiology of anxiety. The theorists who have
examined anxiety from the cognitive perspective fall roughly
into two groups:
those who have examined the cognitions
which characterise anxious people (Beck and Emery, 1985),
and those who have examined the process of worry which
accompanies anxiety (Borkovec, 1985).
Cognitive Content Factors in Anxiety
Central to frameworks which distinguish the cognitive
content of anxiety disorders from other psychopathology is
the
notion that it is not events per se which are
responsible for the production of negative emotions, but
rather

an individual's interpretation

of events (Beck

and

Emery, 1985). Beck (1976; Beck and Emery, 1985) states that
emotional disorders may be differentiated by their cognitive
content. This hypothesis was tested using the Cognition
Check List (CCL) to differentiate anxious and depressed
patients (Beck, Brown, Steer, Eidelson and Riskind, 1987).
The statements which differentiated anxious from depressive
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patients centred on uncertainty and on orientation toward
the future.
Depressives showed an orientation toward the
past or an absolute 'knowing' negative attitude toward the
future.
Other studies have found that danger schemata
differentiate the anxious from the non-anxious (Beck, 1970;
Beck, Laude and Bohnert, 1974;
Mathews and Shaw, 1977;
Sewitch and Kirsch, 1984).
In situations of objective danger, anxious individuals'
appraisals are often realistic and thus do not differ from
non-anxious individuals (Beck, 1976).
In these situations,
state anxiety does not differentiate the dispositionally
anxious individual from the low anxious individual (Hodges
and
Felling,
1970;
Hodges
and
Spielberger,
1966;
Spielberger et al., 1973).
In situations of subjective danger, the pathologically
anxious individuals' perception of danger is unrealistic and
generally an overestimate of the inherent danger.
Beck
(1976) claims these overestimates arise from one or more of
the following errors:
(a) overestimating the probability of
a feared event;
(b) overestimating the severity of a feared
event;
(c) underestimating coping resources;
and (d)
underestimating rescue factors.
Butler and Mathew (1983) reported that anxious patients
significantly overestimated the probability of experiencing
aversive
events
relative
to
non-anxious
controls.
Chambless
(1985)
found
similar
overpredictions
among
agoraphobic patients.
Panic disorder patients have been
found to make significant overpredictions of their expected
fear and of the probability of having a panic attack
(Rachman, Lopatka and Levitt, 1988).
Snake and spider
phobics also overpredict the amount of fear experienced
(Rachman and Lopatka, 1986a, 1986b, 1986c).
Rachman and
Bichard (1988) concluded that the overprediction of fear in
the anxiety syndromes may be functional, serving to prevent
distress by promoting avoidance of the anxiety-provoking
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situation.
This avoidance however, in addition to limiting
activities, may preserve the anxiety since it reduces the
possibility for learning and disconfirmations.
Beck and Emery (1985) propose that vulnerability is at
the core of anxiety.
It is defined as " ... a person's
perception of himself as subject to internal or external
dangers over which his control is lacking or is insufficient
to afford him a sense of safety (Beck and Emery, 1985,
p. 67) ".
This concept incorporates the danger schemata so
often seen in anxious patients (Beck, 1970;
Beck et al.,
1987;
Beck, Laude and Bobnert, 1974;
Mathews and Shaw,
1977;
Sewitch and Kirsch, 1984). Vulnerability however is
suggested to be common to all anxiety disorders, responses
and reactions, from the most pervasive generalized anxiety
to
the
situation-specific
anxieties
which
occur
infrequently.
The Process of Worry in Anxiety
If vulnerability, danger and uncertainty about the
future make up the broad areas of cognitive content of
anxious individuals, then worry is the process in which
these cognitions manifest themselves.
Borkovec ( 1985) has
defined worry as "... a chain of negatively affect-laden,
relatively uncontrollable thoughts and images, elicited by
fear-associated stimuli and reflecting attempts to engage in
mental problem solving on an issue whose outcome is
uncertain but contains
one
or more negative
outcome
possibilities (pp.466-467)".
The actual problem solving
involved in worry is brief and ineffective in reaching
rational solutions, and virtually never results in any
decision
regarding
actions
that
might
be
taken
for
eliminating the threat or providing a means of coping with
its possible occurrence (Borkovec, 1985).
Worry then
involves thoughts and images regarding anticipated traumatic
events, best exemplified by "what if" statements. As such
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worry contains anxiety-provoking internal cues that may be
sufficient to maintain anxiety in the absence of imminent
environmental threat (Borkovec, 1985).
The experimental evidence has supported the proposition
that worry is a characteristic of the cognitive lives of
anxious individuals.
Borkovec, Robinson, Pruzinsky and
DePree
(1983)
compared
self-labelled
worriers
with
nonworriers on a variety of questionnaires. Worry and
tension levels were found to correlate significantly. Worry
also correlated more highly than tension with trait anxiety.
Hatfield, Doyle and Borkovec (1981) asked subjects to
imagine
scenes
designed
to
elicit
various
emotions,
including worry.
Following each scene, subjects completed
an autonomic questionaire.
Correlation analyses indicated
that the somatic symptoms in worry and fear were alike
( r=O. 859).
worry therefore produces a similar affective
state to fear and anxiety. Borkovec et al. (1983) suggested
that anxiety is the most characteristic label for what
people experience when they worry.
It has also been found that brief periods of worry lead
to fear maintenance.
Borkovec et al.
(1983) exposed
worriers and nonworriers to three differing time periods in
which to worry;
0, 15 and 30 minutes.
The worry
instruction simply asked subjects to choose a topic they
were currently concerned about and worry about it in their
typical
fashion.
At
pretask,
worriers
reported
significantly
more
negative
thought
intrusions
than
nonworriers.
The 15 minute worry period resulted in an
increased number of negative thought intrusions during
posttask testing.
Significant declines in negative thought
intrusions were
seen in the
zero and
thirty minute
conditions. This was true regardless of worry group status.
HR revealed no differences between groups or conditions.
This was true regardless of worry group status. Heart rate
revealed no differences between groups or conditions.
Thus
the brief and sporadic periods of worry experienced by
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anxious individuals may have a fear incubating effect.
Perhaps, if Borkovec is correct that worry is an attempt at
problem
solving,
the
reported
failures
of
reaching
successful solutions to projected aversive events leads to a
greater belief that coping resources are insufficient,
thereby underestimating resources (as Beck (1976) suggests).
In another experiment, Pruzinsky and Borkovec (1983)
examined the
cognitive content of worriers and its effect
on performance.
Worriers and nonworriers engaged in a
pretask assessment procedure that included attending to
their breathing, an anagram test, and a thought-sampling
procedure during a 5 minute relaxed period.
Following this
they were exposed to 3 minutes of pleasant or fearful
imagery, followed by posttesting with the breathing and
anagram tasks.
Worriers were significantly more anxious
and depressed than the nonworriers on general affect
questionnaires.
They also
showed
significantly more
negative imagery and more difficulty with attentional
control. Worriers did not differ from nonworries on anagram
performance, thus being a chronic worrier does not always
result
in
performance
decrements.
Worriers
however
retrospectively
reported
significantly
greater
worry,
emotionality and task-generated interference during anagram
tasks, and significantly more negative thought intrusions
during the pretest and posttest breathing tasks.
Borkovec (1985) proposes that worry and the thought
intrusions it engenders are not only a part of the anxiety
process, but really what people are referring to when they
say they are anxious.
It appears then that not only the
type of cognition may differentiate the anxious from the
nonanxious,
but also
the
type of
cognitive
process.
Further,
these
variables
distinguish
individuals
with
anxiety from those without anxiety whether
severe or mild.

the anxiety is
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Worry, Emotionality and Physiological Activity
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danger is not explained. Further, fainting as a response to
threat would in all likelihood also result from an
exaggeration of danger, yet this response is generated by a
decrease in HR.
Thus the relationship between arousal and
danger estimation is not clear.
Other theorists also use arousal to explain findings.
For example Edwards and Dickerson (1987a) propose that the
intrusive thinking, seen in individuals who are worriers, is
difficult to disattend to due to the arousal it creates.
Spielberger, Anton and Bedell (1976) suggest that high
levels of autonomic activity and feelings of apprehension
engender cognitive rumination and activate error tendencies
that disrupt performance.
These authors do not however
explain the nature of the relationship between arousal and
its effects.
Psychophysiological studies have not examined the
cognitive aspects of anxiety in relation to physiology, nor
have
the
majority
of
cognitive
studies.
The
psychophysiological investigations of pathological anxiety
give
some
grounds
for
the
differentiation
of
the
pathologically anxious from the non-anxious on physiological
variables.
Cognitive variables also distinguish these
groups.
Cognitive theorists believe however that anxious
thought content and the process of worry are common to all
anxiety states and distinguish them from non-anxious states.
The physiological examination of anxiety has not provided a
clear indication that anxious normals can be differentiated
on the basis of physiological responses.
One might then
conclude that less severe anxieties are primarily cognitive
the
same degree
of
in nature
and do not possess
Thus anxiety is only influenced
physiological activation.
by physiological arousal, when it is in its most severe
form.
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AnotheJ: explanation foi" the lack of findings in anxious
normals
may
be
methodological inconsistencies.
The
expe1:imental
study of anxiety has
been fraught with
difficulty.
Problems of
the
induction, control and
measurement of anxiety in the laboratory remain largely
unsolved.
Work in the laboratory examining physiological
responses in anxiety have been particularly inconsistent.
This lack of consistency may well have to do with the novel
environment in the artificial laboratory which may engender
anxiety in those who are normally calm to an equal degree as
those who a1:e normally anxious (Sartory and Lader, 1981).
Further, an apparent assumption has been that all stressors
function similarly in the elicitation of anxiety.
If
however
differing stimuli produce
different cognitive
content, then perhaps this content influences the type of
physiological response seen.
For example the differences
seen between blood and snake phobics.
Dangerous
situations
like
medical
procedures,
parachuting or completing in vivo phobia desensitization
training present opportunities for studying the physiology
of this emotion.
work that is carried out in the field
setting however limits the number and types of measurements
which can be made.
Situational and subject variables are
difficult to isolate and control (Weiner, 1985).
Situation specific anxieties which do not produce
significant
degradation in adaptive living
provide

a
a
manageable research alternative to anxiety per se.
The
stimuli eliciting the anxiety are more readily definable.
Individuals with a specific form of anxiety will presumably
have common process and content factors. Outcomes are also
more reliably defined and measured.
The nonpathological
nature ensures a larger subject population from which to
sample.
One situation specific anxiety which has been the
subject of increasing research interest ovei" past decade has
been test anxiety.
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Test Anxiety
The theory surrounding test anxiety was introduced more
than three decades ago to account for the effects of anxiety
on performance in test situations.
Among the first
theoretical propositions concerned with this area, Mandler
and Sarason ( 1952)
suggested that testing situations
elicited two sets of drives. The first 'learned task drives'
were evoked by the demand characteristics of the task and
stimulated task relevant responses.
The second, 'learned
anxiety drives' were " ... a function of anxiety responses
previously learned as responses to stimuli present in the
test situation (Mandler and Sarason, 1952, p.166)".
These
anxiety evoked responses were characterised by feelings of
inadequacy, helplessness, anticipation of punishment and
loss of self-esteem, increased somatic activity and implicit
attempts to leave the situation (Mandler and Sarason, 1952).
Poor test performance was thought to result because these
cognitive and autonomic responses were incompatible with
responses necessary for effective test performance.
Though framed in terms of Hullian drive theory this
conceptualization formed the basis of many subsequent
explanations of performance decrements in test anxious
individuals.
In particular consideration of the autonomic
and cognitive components has been retained.
The concept of arousal has been as controversial in test
anxiety research and theory, as in other anxiety theory.
There have been two major theoretical responses to the
concept of arousal in the explanation of performance
decrements in evaluative situations in anxious individuals;
one regards it as central, the other peripheral.

The theorists who regard arousal as central to test
anxiety hypothesize that anxiety and its performance effects
are the result of increased arousal. Activation theories of
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Duffy (1962; 1972) and Malmo (1959; 1966) state that anxiety
is a form of physiological hyper responsiveness.
Epstein
( 1972) comments, "almost all the phenomena attributed to
anxiety are actually consequences of arousal (pp.307-308)".
Wolpe (1973) too assumes that test anxiety is a consequence
of
high
levels
of
autonomic
arousal
in
examination
situations.
Many other authors implicitly assume massive
sympathetic arousal in response to threat, as part of the
emergency reaction described by Cannon (1927; 1915).
Performance
decrements
are
said
to
occur
when
physiological arousal is too high.
The relationship is
presumed to follow the inverted U function described by
Yerkes and Dodson (1908).
The performance deficits seen in
test anxiety are thought to result from high levels of
physiological
arousal
which
are
a
response
to
the
examination situation.
As physiological arousal increases
beyond an optimal level, it disrupts performance by altering
the utilization of task and environment cues (Easterbrook,
1959).
Arousal is rarely objectively measured.
The
empirical evidence dealing with the relationship between
anxiety, arousal and attention will be discussed later (see
Chapter 2, pp.46-53).
There can be little doubt that the examination situation
is a significant stressor. A variety of psychophysiological
measures have been found to change significantly in response
to examination stress.
Students
under
exam stress
show increases
in
HR
(Bridges, Jones and Leah, 1968; Hickam, Cargill and Golden,
Syvalanti Lammintavsta and
1948'
Smith and Wenger, 1965;
Pekkarinen, 1976) and increases in BP (Bridges, Jones and
Leah, 1968;
Hickam, Cargill and Golden, 1948;
Von Uexkull
and Wick, 1962).
They also show increases in catecholamine
excretion (Bridges, Jones and Leah, 1968; Bogdonoff, Estes,
Harlan, Trout and Kirshner, 1960) and cortisol secretion
(Bloch and Brakenridge, 1972;
Bridges,
Jones and Leah,
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1968;
Melick, 1960; Venning, Dyrnefurth and Beck, 1957;).
These studies rarely measure anxiety, and even more rarely
assess individual differences in test anxiety and how they
relate to the physiological changes.
Relatively
few studies have however
assessed the
relationship between test anxiety and physiology. In two
studies Deffenbacher has examined the relationship between
components of test anxiety, performance and HR.
In one
study (Deffenbacher and Hazaleus, 1985) an aptitude test was
presented to students in the laboratory.
Test anxiety was
assessed using the Test Anxiety Scale (TAS- Sarason, 1972);
in
addition,
worry,
emotionality and
task-generated
interference (irrelevant task related thoughts,
i.e. preoccupation with time limits) were measured. Worry
emotionality
and task-generated interference correlated
positively with each other, and with ratings of anxiety.
These variables were negatively correlated to performance.
HR was monitored by the students themselves in 15 second
samples,
and was not
strongly correlated to
worry,
emotionality and task-generated interference, and unrelated
to performance. Regression analyses indicated that of the
four variables, worry was the most important in accounting
for the anxiety-performance relationship, while HR was least
important.
In

a subsequent study, Deffenbacher (1986) examined the
same variables in a naturalistic exam setting. The sample
consisted of 171 students divided into high and low test
anxious on the basis of the TAS. Again worry, emotionality,
task-generated interference and pulse rate (self assessed)
were measured. Subjects high in test anxiety performed more
poorly, reported more worry, emotionality and task-generated
interference, and had higher pulse rates (high test anxious
M=79.48 bpms; low test anxious M=70.40 bpms). Pulse rate
was however unrelated to performance. Of the variables only
worry predicted exam performance.
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Other studies have also examined the physiological
responses of the highly test anxious in the laboratory.
Holroyd, Westbrook, Wolf and Badhorn (1978) used 72 female
psychology students who scored either in the top or bottom
quartile of the TAS.
Skin conductance level, spontaneous
skin resistance responses, HR and heart rate variability
were employed as dependent physiological measures. Subjects
were asked to perform a modified Stroop task, and a
difficult
anagram
task.
The
State
Anxiety
Scale
(Spielberger, Gorsuch and Lushene, 1970) was used to assess
anxious arousal during task performance.
In addition a 10
point scale was used as a estimate of the time spent
worrying about performance while working on the task.
Findings indicated that high test anxious subjects performed
more poorly and reported higher levels of state anxiety and
There
worry than low test anxious subjects in both tasks.
were however no significant differences between anxiety
groups on tonic or phasic measures of autonomic activity,
with the exception of heart rate variability.
Heart rate
variability was assumed to reflect differences in the
cognitive and attentional responses (Lacey, 1967) in the
test anxious groups.
It should be noted that increased
heart rate variability was associated with lower levels of
anxiety and shorter problem solution times;
this may
indicate that heart rate variability was associated with
active,
on task problem-solving.
Other authors have
proposed the skin conductance levels may also
be an
In
indication of cognitive activity (Davidson, 1978).
Holroyd et al. (1978) however skin conductance levels were
not elevated for high test anxious subjects as compared to
low test anxious, despite elevated report of worry.
An earlier study (Montgomery, 1977) also found that
tonic heart and respiration rates did not differentiate high
and low test anxious subjects. In this investigation, high
and

low

test

anxious

under evaluation
differences were

subjects

performed

an

anagram

stress or no stress conditions.
found on performance measures for

task
No
the
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stress manipulation or the anxiety groups.
The only
physiological differentiation which could be made between
anxiety groups involved analysis of second-by-second changes
in cardiac rate.
This was found to be sensitive both to
anxiety and to failure, with high anxious performers showing
greater pre-problem acceleration in the evaluative stress
condition.
In a more recent study, Burchfield, Sarason, Sarason and
Beacon (1982 unpublished study, cited in Sarason, 1985)
examined the relationship betweeen physiological indices and
the Reaction To Tests Questionanire (RTT) while students
worked on intelligence test type questions. The Tension and
worry subscales were found to be significantly correlated
with galvanic skin responses and fingertip temperature
changes during performance.
The Test-Irrelevant Thinking
and Body Symptom subscales were found to be unrelated to
physiological indices. It is not clear whether the RTT was
used here as a state or trait test anxiety measure, so
conclusions are difficult.
These studies overall suggest that while examinations
are significant stressors, there is little relationship
between
test
anxiety and physiology.
Physiological
responsivity certainly did not differentiate the highly test
anxious from those with low test anxiety, even in those
instances in which subjects reported increases in state
anxiety.
Further, physiological activity did not appear to
be related to cognitive aspects of anxiety such as worry,
nor was it related to performance. This does not support the
notion that physiology has a central role in the experience
and maintenance of anxiety.
A more recent study using a dissimilar paradigm however
suggests that this may not entirely be the case. Craske and
Rachman (1987) selected a group of 63 anxious musical
performers with a wide range in musical and performing
experience.
Prior to a four week cognitive-behavioural
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affective-physiological
experience
of
the
individual
(Deffenbacher, 1980).
The distinction between these two
factors
is
a
relative
one,
highly
since
they
are
intercorrelated (Deffenbacher, 1977, 1978;
Morris and
Liebert, 1970;
Morris and Perez, 1972).
Several studies
have examined the connection between these components and
test performance.
Morris and Liebert (1970) investigated the relationship
between worry, emotionality and test performance in college
and high school students.
In the high school students both
worry and emotionality were inversely related to test
performance;
in the college student sample however only
worry was inversely related to test performance.
Worry and
emotionality were significantly intercorrelated in both
samples and shared considerable variance.
When this common
variance was controlled, worry was negatively correlated
no
longer
with
test
scores,
but
emotionality
was
significantly correlated to these scores.
Deffenbacher (1977) examined the relationship between
worry, emotionality and performance, on the Miller Analogues
Test, for which little or no preparation is possible.
Both
worry and emotionality were negatively correlated with
performance.
Partial correlation coefficients revealed
however that only worry consistently formed a significant,
negative relationship with test performance.
Moreover,
while worry was- broadly related to performance, so that
those high in worry solved fewer problems and those low in
worry solved more, emotionality varied with worry level.
Thus at low levels of worry, emotionality was unrelated to
performance, but at high levels of worry, emotionality was
high, and debili tative.
More recent studies show largely
the same
results:
that only worry is significantly

negatively related to performance, and only worry predicts
the performance decrement seen in test anxious individuals
(Deffenbacher, 1986;

Deffenbacher and Hazaleus, 1985).
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performance. sarason does not comment on the relationship of
physiological arousal to cognitive interference or task
performance.
Conclusion
The cognitive conceptualizations in test anxiety largely
follow those seen in other anxiety research.
Namely, there
are aspects of cognitive content and cognitive processing
which differentiate the high and the low test anxious. In
test
anxiety
content
factors
appear
to
relate
to
anticipation of
failure,
extreme
task
difficulty
and
personal inadequacy. This content manifests itself in worry
and
task
irrelevant
thinking
which
interfere
with
attentional requirements of the task,
leading to poor
performance.
Worry
is
thought
to
be
related
to
physiological arousal, with extreme worry states eliciting
heightened
emotionality,
though
physiology
is
seldom
objectively measured in these studies.
The relationship
between physiological arousal and cognitive interference in
task performance and test anxiety has not been explicated.
The failure to explicitly state how cognitive and
physiological factors interact in the deterioration of task
performance has left a considerable gap in test anxiety
theory.
While laboratory studies suggest that the high and
low test anxious cannot be differentiated on physiological
variables, research such as that of Craske and Rachman
(1987) lead to the speculation that physiology may mediate
between the other components of test anxiety.
The aim of
the following studies is to examine the physiological and
cognitive
responses
of
high
and
low
test
anxious
individuals, in an attempt to discern the relationship
between these variables and task performance.
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CHAPTER TWO
INTRODUCTION: STUDY ONE

Anxiety, Arousal and Attention
The
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Investigations have used differing arousing stimuli such as
incentives, noise, shock, exercise as well as emotional
states, in an attempt to validate Easterbrook's hypothesis.
Studies Examining the Effect of Arousal on Cue Utilization:
Use of Incentives to Increase Arousal
Bahrick, Fitts and Rankin (1952) were among the first
investigators to bring attention to peripheral stimuli in
differing motivational states under experimental scrutiny.
They found that an increase in incentive results
in
increased peripheral selectiveness favouring those parts of
the stimulus field which are interpreted by the subject as
most relevant to the expected reward.
Incentives were
thought to change the motivational level of the individual
and hence the level of arousal.
This was taken as early
evidence for the existence of changes in cue utilization
consistent with Easterbrook's (1959) proposition.
Other
studies have shown similar results under conditions of
stress or threat (Bacon, 1974;
Bursill, 1958;
Hockey,
1970; Hockey and Hamilton, 1970).
use of Shock to Increase Arousal
Bacon (1974) induced differing states of arousal using a
shock, no shock manipulation, while subjects performed dual
tasks of pursuit
rotor
tracking and auditory
signal
detection, under differing attentional instructions. Twenty
shocks were delivered in the 50 trial sequence according to
a fixed random schedule.
State anxiety measures were taken
following
each
experimental
condition.
Significant
differences were found between shock and no shock groups
only, on this measure. Results suggested that when subjects
performed the pursuit rotor task while having to maintain a

memory trace of auditory cues, increased arousal reduced the
subject's ability to at tend
Bacon (1974) concluded that
perception of stimulus input,

to both

tasks

simultaneously.

arousal did not impede the
rather it narrowed the range

44

of stimuli
traces of
attention.

which
those

are processed by impairing the memory
signals which initially attract less

Shapiro and Johnson (1987) conducted two experiments to
examine allocation of attention in the visual field.
Each
experiment contained 100 reaction time (RT) trials, with
stimuli either located centrally in the visual field or
peripherally. There were 20 simultaneous trials.
subjects
responded by either pressing one of two buttons marked
central or peripheral. Arousal was manipulated using shock
or no shock conditions with shocks being administered in 20%
of trials. In both experiments, a high level of arousal was
accompanied by attenuation, of central visual dominance, with
non-aroused groups showing a clear central visual dominance.
Cornsweet (1969) reported a similar increase in attention to
peripheral cues in an arousal condition set by electric
shock.
The studies using shock produced conflicting results
•N"ith regard to cue utilization.
Bacon (1974) finding a
narrowing of stimuli which are processed and Shapiro and
Johnson (1987), and Cornsweet (1969) reporting increased
attention to peripheral cues.
The latter findings clearly
contradict Easterbrook's (1959) hypothesis.
use of Noise to Increase Arousal
A series of studies have used noise to manipulate stress
in at tentional tasks.
Hockey and Hamil ton ( 1970) used a
recall task in which words were presented by slide with
irrelevant stimuli in the corner of slides.
Though there
was no difference between noise and quiet groups on the
recall of words, attention to irrelevant cues occurred less
in the noise condition with subjects selecting information
from the more relevant task. Hockey and Hamilton (1970) and
Hockey (1970a), both showed that in loud noise subjects
attend more to sources of information of high priority to
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the task and are more likely to disregard sources of less
important information.
While arousal was not objectively
measured,
noise
studies
show
the
restriction of
cue
utilization supposed under conditions of increased arousal.
Use of Exercise to Increase Arousal
Exercise, by its very nature, increases the energetic
state of the body.
Tomporowski and Ellis (1986) reviewed
the effects of exercise on cognitive processes, in an
attempt to ascertain if this neutral arousing stimulus
effects performance.
In the "very brief, high intensity
anaerobic exercise" category, using for example weights
suspended over pulleys, facilitation of performance was seen
at moderate tension levels.
Cognitive tasks included
pair-associate learning (Courts, 1939;
Stauffacher, 1937),
digit-span test (Shaw, 1956) and perception of geometric
figures (Andressi, 1965).
The short duration, high intensity anaerobic exercise
category had far more mixed results. Treadmill, bicycle and
step-up tasks were the predominant exercise tasks.
Most
studies tested cognitive performance after exercise. Of the
eleven studies reviewed in this category, six found no
effect due to exercise on cognitive performance (Elbel,
1940;
Flynn, 1972; Gutin and Di Gennaro, 1968;
Hammerton,
1971;
Meyers,
Zimmerli,
Farr and Baschnagel,
1969;
Phillips, 1963).
Several found that this form of exercise
facilitated performance (McGlynn, Laughlin and Bender, 1977;
McGlynn, Laughlin and Rowe, 197 2) though enhancement was
found to diminish following the cessation of exercise
(Davey, 1973;
Gupta, Sharma and Jaspal, 1974) presumably
due to fatigue.
In the two categories of aerobic exercise,
short
duration (treadmill for 10 minutes) and long duration
(marathon running) the results indicated that subjects who
had a high level of fitness showed better performance on
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cognitive tasks than those with lower levels of fitness
(Gliner, Matsen-Twisdale, Horvath and Maron, 1979;
Gutin,
1966;
Lybrand, Andrews and Ross, 1954;
Sjoberg, 1980;
Weingarten and Alexander, 1970).
The confounding effect of
fatigue on performance is difficult to eliminate in all but
the briefest forms of exercise.
Brief isometric exercise
did demonstrate consistent facilitation of mental processes.
This can lead to the conclusion that an increase in
physiological
arousal
does
facilitate
performance
on
cognitive tasks.
Whether this is brought about by the
restriction of cue utilization to more task relevant
information, remains to be determined.
Use of Anxiety to Produce an Aroused State
Easterbrook (1959) proposed that cue utilization is
influenced by emotional arousal;
it might then reasonably
be expected that emotional states, such as anxiety, would
produce similar effects.
In keeping with this, trait
anxiety has been shown to be an antecedent to the narrowing
of attention (Korchin, 1964; Mendlesohn and Griswold, 1967;
Zaffy and Bruning, 1966). zaffy and Bruning (1966) used the
Taylor Manifest Anxiety Scale (MAS) to divide subjects into
high and low trait anxiety groups.
Results indicated that
high trait anxious subjects largely ignored additional cues
whether relevant or not, while low trait anxious subject's
performance
was
significantly
improved
by
additional
relevant cues and hindered by additional irrelevant cues.
Zaffy and Bruning (1966) interpreted their results as
indicative of narrowed cue utilization in response to
heightened arousal.
Findings consistent with this result
have been found by Korchin (1964), Mendlesohn and Griswold
(1967) and Solso (1968).
Conversely, Solso, Johnson and Schatz (1968) found that
high trait anxious subjects produced a greater number of
correct responses
anxious subjects.

for peripheral stimuli than low trait
The sample was divided into high and low
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trait anxious using the MAS.
Subjects viewed nine slides
each containing seven stimulus items under stress or no
stress conditions.
The authors concluded that high trait
anxious
subjects
exhibited
a
wider
perceptual
field
irrespective of stress conditions.
Further as time passed
the perception of divergent cues by high trait anxious
subjects rose sharply.
Test anxiety has also been found to produce a narrowing
of cue utilization.
Watchel ( 1968) placed both high test
anxious (HA) and low test anxious (LA) subjects (Test
Anxiety Scale - TAS, selected) under evaluation stress.
A
dual task paradigm consisting of a central continuous
tracking task and occasional peripheral lights was used to
examine the effects of experimentally manipulated stress on
performance.
Stress was manipulated by telling subjects
that
they could avoid shock only if
their
combined
performance on central and peripheral tasks remained high,
or in a second condition, that the task was a means of
personality diagnosis.
In both of these conditions there
was evidence of narrowing of attention to task cues due to
test anxiety, with negative correlations between anxiety
scores and detection of peripheral signals.
Geen (1976) selected 60 HA and 60 LA subjects using the
TAS.
In this paradigm, subjects had to learn the positions
of fifteen items •.-tith no cues, relevant cues or irrelevant
cues.
Evaluation stress was manipulated by adding an
observer in the experimental situation for half of the
subjects.
The results indicated that under conditions of
strong evaluation apprehension, subjects who scored high on
the TAS were helped less by the addition of relevant cues
The HA subjects were however
than those who scored low.
also less hindered in recall by the insertion of irrelevant
or

potentially

distracting

subjects acted as
cues,
a
finding

stimuli.

In

both

cases

HA

they were less affected by addition
consistent with an assumption of
a

if

restricted range of cue utilization.
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Other
research
designed
not
to
directly
test
Easterbrook's proposition, also has a bearing on the
relationship between anxiety and information processing.
Nielsen and Sarason ( 1981) employed a dichotic listening
task of 220 word pairs to examine the effects of emotionally
salient information when attention is focused away from this
information.
A neutral tape was presented in awareness
while tapes with five different contents were presented in
the non-attentive ear.
Tape contents included sexually
explicit material (taboo), hostile and aggressive words
(hostility), words related to university life (school),
evaluation words (test anxiety) and a control list.
Only
sexually explicit information was found to intrude upon
awareness.
State anxiety scores were predictive of these
intrusions from outside awareness. Thus it appears that for
certain types of information, anxiety may broaden the range
of cue utilization.
Geen (1985) investigated the effects of test anxiety on
visual vigilance. In this task subjects observed a scrambled
pattern with a brief blip as the signal.
The signal
duration was 60 minutes and only 9 signals appeared in 36
minutes, the total task time.
Test conditions were
manipulated by instructing one half of subjects that visual
vigilance was a good indicator of general intelligence; no
test instructions informed subjects the experiment was to
determine if the task was practical to use in a subsequent
experiment on vision. There were no differences between HA
and LA subjects under no test conditions.
Under test
conditions however HA subjects showed poorer sensitivity to
signals against the noise background. They also showed
(1985)
greater
caution in
reporting signals.
Geen
interpreted these findings by suggesting that the differing
of
instruction
differing
levels
conditions
produced
physiological arousal, and that the attenuated sensitivity
to signals in high arousal conditions may represent a
diminished central attentional dominance.
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The findings
and test anxiety
studies find the
while others find
periphery and not
explanations have
on attention.
Theoretical
Attention

of investigations of the effect of trait
on cue utilization have been mixed.
Some
expected restriction of cue utilization,
evidence consistent with attention to the
to the central task.
Several theoretical
been proposed for the effects of arousal

Explanations

for

the

Effects

of

Arousal

on

Broadbent (1971) and Kahneman (1973) have provided
theoretical explanations for the narrowing of attention
under conditions of high arousal.
Both propose capacity
limited models which restrict the amount of information
which can be processed at any one time.
In Broadbent's (1971) conceptualization increases in
arousal lead to a performance decrement as predicted by the
Yerkes-Dodson Law (1908), by influencing the filtering of
information.
This is due to the attentional system becoming
more selective in its acceptance of inputs. One consequence
of this is the assignment
processing capacity to the

of a greater proportion of
intake of information from

dominant sources and relatively less from non-dominant
sources (Gjerde, 1983).
Broadbent (1971) has however also
suggested that arousal
impairs the ability to select
relevant information.
Evidence for this, arises from an
experiment in which subjects were shown an array of red and
white digits and asked to report as many digits as possible
of a specified colour.
task, a deterioration

When loud noise accompanied this
in performance was seen.
When

subjects were instructed to report all digits regardless of
colour,

noise produced a

(Broadbent,

the

1971).

ability

characteristic
deteriorated.

to
-

slight improvement in performance

In the

select
the

high arousal

information
task

(noise)

with

relevant

a

condition

specific

information
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The capacity theory of Kahneman (1973) also views
attention as a limited resource, as it is an active
processing model in which analyses are driven by conceptual
organization (Norman and Bobrow, 1975).
Kahneman developed
the concept of spare capacity which is hypothesized to be
the difference between the total available capacity and the
capacity demanded by a task.
Spare capacity is allocated
for the processing of perceptual units which are not
emphasized.
Arousal is said to reduce the amount of spare
capacity in the system leading to a decrease in peripheral
cue
utilization
capacity
from
since
is
withdrawn
non-essential perceptual processing.
Mental operations
differ in the amount of attentional capacity they require,
therefore capacity is not fixed, rather varies both among
and within individuals as a function of organismic and
environmental states.
If the capacity in the system is not sufficient to deal
with increases in task demands, then resources must be
allocated to one process or another on the basis of an
allocation policy {Kahneman, 1973). Allocation policies are
determined
by
a
number
of
factors:
(a)
enduring
dispositions
which
reflect
the
rules
of
involuntary
attention, (b) momentary intentions, where an individual may
be searching for a particular stimulus, {c) evaluation of
demands, when competing activities exist, and {d) effects of
arousal especially the systematic changes produced by high
arousal (Kahneman, 1973).
High arousal then restricts the
range of cues among which attention may be divided and
disrupts the control of selective attention.
Therefore the
allocation of processing capacity becomes both more uneven
and less precise when arousal is high (Kahneman, 1973).
Capacity theory thus suggests a non-specific dysfunction
arising from increased arousal and reduced attentional
capacity, that will be manifest in a wide range of tasks
Since many
involving different cognitive operations.
operations, all requiring various degrees of attentional
resources,
control,
compete
for
limited
attentional
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inadequate task performance may result from: (a) a general
absence or diminution of cognitive capacity;
(b) a failure
to mobilize existing attentional
resources;
(c)
the
allocation of attentional processes to task irrelevant
activities;
or (d) an insufficient input of relevant
information - perhaps caused by constriction in the visual
field (Gjerde, 1983).
While capacity theory accounts for those studies in
which cue utilization is reduced (e.g., Geen, 1976; Hockey,
1970;
Watchel, 1968), it says little for studies with
opposite findings (e.g., Shapiro and Johnson, 1987;
Salsa
et al., 1968).
It has been suggested that peripheral cue
utilization increases or decreases as a function both of the
relationship of the peripheral task to the central task
( Cornsweet, 1969) and the nature of the arousing stimulus
(Hockey, 1970, 1979;
Hockey and Hamilton, 1983).
The
studies which produced conflicting results employed shock
and anxiety as the arousing stimuli.
These stimuli can
produce attentional changes in which peripheral and not
central stimuli are attended to (Cornsweet, 1969;
Geen,
1985; Nielsen and Sarason, 1981; Shapiro and Jonson, 1987;
Salsa et al., 1968).
The question which arises concerns the nature of
difference between anxiety and shock as arousing stimuli on
the one hand, and incentives, exercise and noise on the
other. On a physiological level, state anxiety induced by
stressful evaluative conditions, and shock administered
during
task
performance
may
be
more
physiologically
arousing.
One could then argue that the most aversive and
physiologically activating stimuli are the ones which
activate differential, more peripherally oriented attention
allocation policies.
Watchel (1967) has suggested a dual

function

of

arousal

on

cue

utilization,

with

both

a

restricted range and increased lability.
Hence arousal
decreases the number of stimuli searched in one area, but
increases the range of stimuli scanned.
Kahneman (1973)
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proposed a similar concept, suggesting the allocation of
attentional capacity becomes more uneven and less precise,
under conditions of high arousal.
To evaluate this
proposition fully,
an objective measure of arousal is
required to assess if indeed it is physiological arousal
itself which is exerting this effect on the allocation of
attentional capacity.
Currently
it
is
difficult
to
ascertain
whether
physiological arousal is the antecedent to these changes in
cue utilization, since studies (e.g., Easterbrook, 1959;
Geen, 1976;
Shapiro and Johnson, 1987) do not objectively
measure arousal.
While studies do not employ objective
measures of arousal, some use a subjective report scale to
assess arousal and emotionality (see, Bacon, 1974;
Nielsen
and Sarason, 1981).
The degree to which such subjective
measures accurately reflect physiological arousal is under
question
however
with
some
studies
finding
positive
correlations between physiological indices and self-report
(Thyer et al., 1984), while others find no relationship
between these variables (Holroyd and Appel, 1980).
Thus
even with self-report measures, it is still unclear whether
actual arousal is responsible for cue utilization changes.
Another explanation for the conflicting results in cue
utilization may arise from the cognitive processes activated
by stimuli which are potentially dangerous in individuals
characterized by anxiety.
Eysenck, MacLeod and Matthews
(1987) argue that anxiety may impair the functioning of the
central executive (effortful processes in Kahneman's terms)
Impairment of
or the attentional system of working memory.
efficiency of the central executive in individuals high in
anxiety may well be attributable to increased worry and
other forms of task irrelevant processing that characterise
such individuals (see, Eysenck, 1978;
Hamilton, 1975;
sarason, 1978, 1984;
Sara son and Sarason, 1987;
Wine,
1971, 1980, 1982).
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Since
anxious
individuals
both
have
to
process
task-relevant
and
task-irrelevant
information,
whereas
non-anxious individuals need only process task relevant
information, the effective task demands are greater for
anxious individuals
(Eysenck,
1982).
The attentional
resources of anxious individuals are therefore reduced.
Further,
hypervigilance
for
threat
cues
is
known
to
accompany anxiety responses (Beck and Emery, 1985) and
increased use of peripheral cues, seen in some studies, may
be the result.
Taken together, hypervigilance and reduced
capacity due to task irrelevant thinking, may explain the
reduction in the number of cue utilized in one area but
increases in the range of stimuli scanned as suggested by
watchel (1967).
Aims of Study One
First to examine
There are four aims for study one.
physiological indices for indications of differences between
high test anxious (HA) and low test anxious (LA) subjects on
tonic measures.
Studies using anxiety to produce increases
in arousal during task performance (e.g., Geen, 1976;
Korchin, 1964; Mendlesohn and Griswold, 1967; Solso, 1968;
Solso, Johnson and Schatz, 1968; Watchel, 1968;
Zaffy and
Bruning,
1966),
implicitly
assume
that
sympathetically-mediated arousal will occur in response to
stress or threat, and that this response will be greater in
those who are characteristically anxious, when compared to
their non-anxious counterparts.
No study to date, has
measured actual physiological arousal.
Second, to assess the performance of HA and LA subjects
on a dual task paradigm in Stress and No Stress conditions.
This is to evaluate Easterbrook's ( 1959) hypothesis, that

emotional arousal leads to a restriction of cue utilization.
Anxiety is assumed to consist in part of emotional arousal,
leading to the same cue utilization restriction proposed by
Esterbrook (1959;
see, Geen, 1976;
Watchel, 1968).
Thus
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HA subjects under stress conditions are expected to show
greatest cue utilization restriction.
Past findings have
not always been consistent with this expectation (see, Geen,
1985; Nielsen and sarason, 1981; sartory, 1986).
Third, to assess if there is a relationship between
self-rating of tension and physiological arousal.
It is
unclear whether self-report measures accurately report the
objective physiological state of the individual and thus
reliably used in place of actual physiologic measures. Some
(e.g., Holroyd and Appel, 1980) clearly do not believe
self-report reflects actual physiological events.
Fourth, to ascertain if task irrelevant thinking is
related to performance in HA subjects. Some authors (e.g.,
Eysenck, MacLeod and Matthew, 1987;
Sarason, 1984;
Wine,
1980) have argued that worry and irrelevant processing are
responsible for the changes in allocation of attention.
these task irrelevant processes place greater demands on the
processing capacity of the HA subject when compared to the
LA subject, particularly under evaluative stress.
The hypotheses concerning this study therefore are:
1.
in the Stress condition, HA subjects will show
shorter reaction times and greater accuracy in
LA
task
stimuli
than
response
to
secondary
subjects;
2.
in the Stress condition, HA subjects will have
longer reaction times and less accuracy than LA
subjects in response to primary task stimuli;
3.
in No Stress conditions, LA subjects will show a
primary task dominance with shorter reaction times
and greater accuracy than HA subjects;
for simultaneous trials, in the Stress condition,
4.
HA subjects will show faster reaction time and
greater accuracy to secondary task stimuli, and
less accuracy to primary task stimuli than LA
subjects;
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5.

6.

7.

8.

for simultaneous trials, in No Stress conditions LA
subjects will show faster
reaction times
and
greater accuracy to primary task stimuli than HA
subjects;
there will be a significant difference between HA
and LA subjects on measures of heart rate (HR),
skin resistance level (SRL) and respiration rate,
consistent with higher physiological arousal in HA
subjects;
the difference between HA and LA subjects on
physiological indices will be greatest in the
Stress condition;
there will be a significant difference between HA
and LA subjects on rating of tension and rating of
cognitive interference.
METHOD

OVERVIEW AND DESIGN
A 2 x 2 design was employed wherein subjects were
divided into high and low test anxious groups and placed
These
into evaluative stress and no stress conditions.
groups completed a dual task paradigm which contained a
vigilance task as a primary central task and a modified
Stroop task as a secondary, peripheral task.
Physiological
indices of HR, skin resistance level and respiration were
monitored during task performance.
Self-report of tension
was assessed at pre-, mid- and posttask.
SUBJECTS
Subjects
Sixty subjects participated in this study.
were recruited from the Canberra College of Advanced
Education, the Canberra School of Music, the Australian
National University (ANU) Running Club, the ANU Rowing Club,

the Weston Creek Running Club and a group of privately
of
group
a
diverse
to
ensure
trained
high-jumpers
'performers'.
Members of the these organizations were
invited to participate in a study examining the effects of
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anxiety

on

concentration.

All subjects

There were 30 males and 30 females;

were volunteers.

the age range was 17 to

40 years with a mean age of 24.3 years.
Subjects
their

were selected from volunteers on

scores on the Reaction To

Sarason,

1984)

and

the

Trait

the basis of

Tests Questionnaire (RTT Scale

of

the State-Trait

Anxiety

Inventory (STAI -Spielberger, Gorsuch and Luchene,

1970).

On the basis of RTT and

divided

into high

mean split;
gain

to

the high

to score above

STAI.

Similarly,

group,

subjects were

groups using a

to

anxious group,

the mean on
gain

To

subjects were

both the RTT

inclusion

required

the RTT and the STAI.

both

and low anxious

RTT M = 80.15, Trait Scale, STAI M = 40.35.

inclusion

required

anxious

STAI scores, subjects were

and the

to the

low anxious

to score below

the mean on

There were 27 high test anxious

subjects and 33 low test anxious subjects.
APPARATUS
Selection Scales

The
is

Reactions to Tests Questionnaire (see Appendix A.1)

a 40 item questionnaire specifically

responses to evaluative conditions.
subscales:
Bodily
with

Tension,

Reactions.
established

Worry,

designed to assess

It is divided into four

Test Irrelevant

Thinking and

The RTT has been found to correlate well
test

anxiety

scales

such

as

the Test

Anxiety Scale (TAS - Sarason, 1978) r = 0.44 for males and r

=

0.33 for females (n
The

asks

Trait Scale of

subjects

appears

to

Kennelly,

385, Sarason, 1985).
the STAI is

describe

how

a 20 item

scale which

they generally

feel, and

to reflect relatively stable individual differences

in anxiety proneness.
anxiety

=

The STAI has been widely used in test

research (e.g.,
1984).

This

Allen

et al., 1980;

instrument

is

Paulman and

composed

more

of
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cognitive

items than other self-report

measures of anxiety

(Crabbs and Hopper, 1980).
Task Materials
A

dual task paradigm was used.

vigilance
an

task.

second.

three

odd

primary task was a

This task consisted of the presentation of

array of numbers which

per

The

Once

were presented at a

every

digits

60 seconds, in

appeared

in

rate of one

random placement,

succession.

This

was the

vigilance

target, to which subjects responded by pressing a

hand-held

switch

giving

a

recording

when

manual

the third

reaction

odd digit

time.

began when the third

was detected,

Manual

reaction

digit was displayed on

time
the

screen.
The

secondary

slides
the

consisted of

Slides

point

contained

stimuli

on which

either

or

word

were presented.
stimuli.

Shape

were either triangles, circles, squares or crosses.

word stimuli consisted of a

Stroop,
(see,

left or right of

the numbers

shape

and white

240 black

presented Scm above, below, to the

fixation

The

task

1935)
White,

position

using

the

1969).

(i.e. 'up'

modified Stroop Task (see,

words

These

'up,

were

displayed

down,

either

in

left, right'
a congruent

above the number)

or in an

incongruent position (i.e. 'up' presented to the left of the
number).
word,
Both

In responding subjects named the

not the word itself,
manual

and

verbal

position of the

giving a verbal reaction
reaction

times were

time.

measured in

milliseconds.
Vigilance

task was

generated by

displayed

on

projected

onto the VDU screen.

photographed
shapes

a

VDU screen.

The slide

using a video system

and words

on

front of the subject.

computer program

and

stimuli were

also

Both sets of stimuli

were

which displayed numbers,

a B/W television

monitor directly in

A microphone stood to the left of the
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subject, which was connected to a voice-activated relay to
permit the recording of verbal reaction times.
Physiological Recording
Heart
rate (HR), skin resistance level (SRL) and
responses (SRR) and respiration rate were monitored during
task performance on an EEG/Polygraph (8 Channel, Model 79,
Grass
Medical Instruments,
Quincy,
Mass. USA).
The
laboratory temperature was held at 18°C to 21°C.
HR
was monitored using two,
10mm silver-chloride
electrodes applied with Neptic Electrode Gel (Smith and
Nephew Pharmaceuticals Ltd., England), placed on the ankle
on the side of the dominant hand, and the wrist of the
non-dominant hand. Skin resistance was monitored using two
silver-chloride electrodes (10mm) on the index and ring
fingers of the non-dominant hand.
Electrodes were applied
dry.
A respiratory strain gauge was used to monitor
respiration rate.
Posttask Scales
A ten point Likert scale was used to assess self-report
of tension level (see Appendix A.2).
In addition the
Cognitive Interference Questionnaire (see, Appendix 2.3) was
used to assess task irrelevant processing.
The Cognitive Interference Questionnaire (CIQ - Sarason,
1980) is an 11 item instrument on which subjects rate on a 5
point scale the degree to which they experience task
irrelevant thoughts during task performance.
The CIQ is
gaining support as a method of assessing some cognitive
processes of highly test anxious individuals (Kirkland and
Hollandsworth, 1980; Paulman and Kennelly, 1984; Sarason
and Stoops, 1978) during task performance.
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PROCEDURE
All
the

subjects were tested individually.

experiment was explained to

•examine

the

effects

physiology•.

of

each subject which was

anxiety

Following

The purpose of

this

on

concentration

the

electrodes

to
and
for

physiological

recording were attached.

Pretask measures of

HR,

respiration were

Subjects

SRL

asked

and

taken.

were then

to rate how tense they felt on a 10 point scale for a

subjective rating of tension level.
subject sat alone in a room which communicated with

The
a

room

control

subject

via

a

one-way mirror.

knew they were being observed

presence

In this

way the

without the physical

of the experimenter and could not be distracted by

equipment noise.
There
to

were 25 practice trials prior to the task proper,

familiarize

vigilance

task

instructing

was

with

the

designated

subjects that

interested
shape

subjects

as

this

was to be

the

procedure.
primary

was the "task

in, since it required

and word task

task

The

task

we are most

good concentration".
responded to

by

'only

The

if you

noticed them'.
Each
were

slide was presented for 120 msecs, and four slides

presented

intervals.
to

every

periods
period.

every

60 seconds

at random

Subjects therefore had five
minute.

with a 60 second
For

ten

stimuli to respond

was divided

The task

interstimulus

into ten

minute

interval between each ten

minute

tria~s

the

stimuli appear simultaneously.

primary and

secondary task

Reaction times were recorded

on PDP-8 computer and the experimenter noted the accuracy of
each response.
Subjects
instructions.

then

received

either

stress

or

no

stress

Stress instructions emphasized the evaluative

nature of the task and asked subjects to perform "as quickly
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and
accurately as possible".
No
stress instructions
indicated that the task was not to be used as performance
evaluation, but simply as a stimulus for physiological
responding.
Tension ratings were taken at mid task (after 30 minutes
of the task had elapsed) and at posttask (at 60 minutes).
RESULTS
Performance Measures
The mean reaction times (RT) for stimuli in the primary
and secondary tasks for high test anxious (HA) and low test
anxious (LA) subjects in Stress and No Stress conditions can
be seen in Table 2.1.
Table 2.1:

Mean Reaction Time (milliseconds) for All
Stimulus Types in Stress and No Stress
Conditions, HA and LA Subjects
Stress
No Stress
HA
LA
HA
LA
( n=14) ( n=16 ) (n=13) (n=l7)

Primary Task
Vigilance Targets

424.59 377.35 458.19 435.98

secondary Task
Shapes

836.86 803.92 826.17 874.88

Position Words- Incongruent

823.78 792.85 806.60 862.63

Position Words- Congruent

805.70 773.46 778.44 847.50

Mean reaction time data was analysed using a 2 (anxiety
groups) x 2 (stress conditions) analysis of variance (see
Appendix A.5 for ANOVA table).
This procedure revealed no
main effects due to anxiety or stress conditions in the
There was also no
secondary
task for any stimulus.
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significant
Overall,

interaction

between

shapes produced

position-congruent

anxiety

the longest

words,

found

reaction times,

shortest

targets.

vigilance

targets approached significance [F(l,59) = 3.408,

main

indicating that both

primary

times.

vigilance

a

the

reaction

and

results

Only

in

stress.

Similiar

p=0.07]

were

the

and

effect

HA and LA

for

task

for

stress

on

subjects responded

more quickly in the stress condition.
The

percentage of correct responses for stimuli in both

primary

and

secondary

tasks,

and

Stress

and

No Stress

conditions for HA and LA subjects can be seen in Table 2.2.
Table 2.2: Percentage of Correct Responses for All Stimulus
Types, in Stress and No Stress conditions, HA
and LA Subjects.
Stress
No Stress
HA
LA
HA
LA
(n=l4) (n=l6) ( n=l3) ( n=l 7)
Primary Task
Vigilance Targets

85.40

74.65

88.35

83.00

secondary Task
Shapes

92.15

87.10

88.95

94.55

Position Words - Incongruent 93.35

87.05

90.10

94.30

Position Words - Congruent

88.55

91.70

95.10

93.50

A 2 (anxiety groups) x 2 (stress conditions) analysis of
variance

(ANOVA)

detection
ANOVA

of stimuli

used
(see

to

analyse

[F(1,59)

=

significant
6.418,

[F(1,59)

= 4.110, p=0.047]

[F(1,59)

= 9.180, p=0.04].

anxiety or

any stimulus type.

interaction

p=0.014],

accuracy of

ANOVA table).

main effects for

in the secondary task for
however

mean

Appendix A.6 for

revealed no significant

stress
were

was

effects

congruent

There

for shapes

position

words

and incongruent position

words

This indicates that

under the

62

Stress condition HA subjects were more accurate than LA
subjects.
In the No Stress condition however LA subjects
were more accurate than HA subjects. In the primary task
there was a significant main effect for anxiety on vigilance
targets
[F(1,59) = 4.566, p=0.037]
with HA subjects
accurately
detecting
more
targets than
LA subjects
irrespective of instruction condition.
Simultaneous Trials
The mean reaction times (RT) and percentage of correct
responses to primary and secondary task stimuli appearing
simultaneously for HA and LA subjects in Stress and No
Stress conditions can be seen in Table 2.3.
Table 2.3:

RT (msecs) and Percent Correct for Simultaneous
Trials, HA and LA Subjects
Stress
HA
LA
(n=14) (n=16)

No Stress
HA
LA
( n=13) ( n=17)

Primary Task
Vigilance Targets:
Reaction Time
Percent Correct

485.57
80.85

412.96
67.35

599.61
89.25

506.88
77.90

Secondary Task
shapes and words:
Reaction Time
Percent Correct

914.62
91.65

911.15
82.65

888.24
78.45

982.38
90.00

Mean reaction time and accuracy data for simultaneous
trials was analyzed using a 2 (anxiety groups) x 2 (stress
conditions) ANOVA (see Appendix A.7 for ANOVA table). This
procedure
revealed significant main effects in RT to
vigilance targets for anxiety [F(1,59) = 3.986, p=0.05] and
for stress [F(1,59) = 6.276, p<0.015]. Reaction times to
secondary task stimuli produced no significant anxiety and
stress
effects.
Accuracy data produced a significant
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difference
[F(1,59)

between HA and LA subjects for vigilance targets
=

accurate.

4.136,

p=0.047]

with

Accuracy for secondary

significant

HA subjects

being more

task stimuli produced

a

anxiety by stress interaction [F(1.59) = 4.137,

p=0.047].

Physiological Measures
The mean HR (bpm) at pretask and for each of the six, 10
minute

periods during the

task for HA

and LA subjects

in

Stress and No Stress conditions can be seen in Table 2.4.
Table 2.4:

Tonic HR (bpms) at Pretask and During the Six 10
Minute Periods of the Task, Stress and No Stress
Conditions for HA and LA Subjects
Stress
HA
LA
(n=14)
(n=16)

No Stress
HA
LA
(n=l3)
(n=17)

Pre task

72.42

65.84

69.00

71.75

Task 1
2

73.83
71.86
70.78
69.28
69.69
68.19

70.44
68.32
68.02
64.83
64.86
64.68

70.95
69.85
69.26
66.92
67.80
67.56

79.56
76.85
76.31
72.90
72.25
71.96

3
4

5
6

A

2 (anxiety groups) x 2 (stress condition) analysis of

variance
All

found no

physiological

repeated
anxiety
(first
analysis

measures

differences between
data

multivariate

(HA/LA) x stress
through
of

sixth)

heart

was analysed

groups at
using a

analysis

of

(Stress/No Stress) x
(see

rate data
between

Appendix

A.8 to

revealed a

interaction

effect

anxiety and

approaching

significance [F(l,56)

=

pretask.

2 x

2 x

6

variance:
task period
A.lO).

The

between-subjects
stress conditions

3.21, p=0.079].

Thus
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there is a trend toward HA subjects having faster HR in
Stress condition and LA subjects a faster HR in No stress
conditions.
Within-subjects
analysis
indicated
a
significant decrease in HR as the task progressed [F(5,280)
= 44.83, p=0.0001].
Further, LA subjects had a larger
decrease in HR over time than HA subjects [F(5,280) = 2.62,
p=0.025].
The mean skin resistance levels (SRL; Ohms) at pretask
and during the six, 10 minute periods of the vigilance task
in Stress and No Stress conditions for HA and LA subjects
can be seen in Table 2.5.
Table 2.5: Tonic SRL at Pretask and During the Six, 10
Minute Periods of the Task, Stress and No
Stress Conditions for HA and LA Subjects
Stress
LA
HA
(n=14)
(n=16)

No Stress
LA
HA
(n=17)
(n=13)

Pre task

169166.6

309968.4

354338.4

218043.8

Task 1
2
3
4
5
6

156430.6
161583.3
155836.1
171938.9
166955.6
173808.3

145798.3
147350.9
154817.5
167142.1
164212.3
163117.5

317235.9
339374.4
338417.9
294992.3
299820.5
305602.6

151835.4
149587.5
146904.2
147654.2
151568.8
150237.5

A 2 (anxiety groups) x 2 (stress conditions) analysis of
variance found no differences between groups at pretask.
Between-subjects
effects in MANOVA ind.icated
that HA
subjects had a significantly higher SRL irrespective of
instruction condition than LA subjects [F(1,56) = 4.32,
Within-subjects analysis revealed a significant
p=0.042].
difference in stress conditions for change over the duration
In Stress
the task [F(5,280) = 4.57,
p=0.001].
of
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conditions therefore SRL rose as the task progressed.
Stress conditions the opposite occurred;

In No

SRL dropped as the

task progressed.
The mean number of breaths per minute for HA and LA subjects
in

Stress and No Stress

conditions at pretask, and

during

the task can be seen in Table 2.6.
Table 2.6: Tonic Respiration Rate at Pretask and During the
Six 10 Minute Periods of the Task, Stress and No
Stress conditions for HA and LA Subjects
Stress
HA
LA
(n=14)
(n=16)

No Stress
HA
LA
(n=13)
(n=17)

Pre task

14.00

14.32

13.77

14.83

Task 1
2
3
4
5
6

17.94
17.11
15.97
16.17
16.17
15.50

19.19
18.26
17.98
17.30
17.65
17.75

17.92
17.56
15.95
16.74
16.21
16.59

19.15
18.29
18.42
17.85
18.67
18.42

A

analysis

revealed

no

respiration
anxiety
3.19,

of

variance

group
data,

main

differences

LA

approaching
subjects

respiration rate than HA subjects.
indicated
over

that both anxiety

the task

(anxiety)
at

between-subjects

effect

p=0.080].

[2

[F(5,280)

x

2 (stress)]

pretask.
analysis

significance
tended

to

MANOVA

of

revealed

an

[F(1,56) =

have

higher

Within-subjects analysis

group's breathing rate

= 14.23, p=0.0001].

slowed

Further, HA

subjects' respiration rate slowed to a significantly greater
extent than LA subjects [F(5,280) = 2.89, p=0.015].
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Self-Report Measures
Subjective report of tension were taken at pre-, midand posttask. Mean tension ratings for HA and LA subjects
in Stress and No Stress conditions can be seen in Table 2.7.
Table 2.7:

Tension Rating at Pre, Mid and Posttask for HA
and LA subjects in Stress and No Stress

Conditions
Stress

No Stress

(n=14)

LA
(n=16)

(n=13)

LA
(n=l7)

Pre task

3.92

2.84

3.77

4.00

Mid task

4.00

4.21

4. 77

4.03

Post task

3.42

3.05

4.15

4.56

HA

HA

Mean self-ratings of tension were analysed using a 2
(anxiety groups) x 2 (stress conditions) x 3 (measurement
period) repeated measures multivariate analysis of variance
(see Appendix A.ll for MANOVA table). MANOVA revealed no
between or within subject effects for the anxiety groups in
the
two stress conditions.
Examination of the means
produces no discernable trends, with the exception that in
the Stress condition tension ratings are higher at midtask
than at posttask.
The mean rating of cognitive interference for HA and LA
subjects in Stress and No Stress conditions can be seen in
Table 2.8.
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Table 2.8:

Rating

Rating of Cognitive Interference for HA and LA
Subjects in Stress and No Stress Conditions
Stress
HA
LA
(n=14)
(n=16)

No Stress
HA
LA
(n=13)
(n=17)

32.167

31.692

25.895

27.688

An analysis of variance [2 (anxiety) x 2 (stress)]
revealed a significant difference between HA and LA subjects
on their rating of cognitive interference [F(1,59) = 10.396,
p=0.002] (see Appendix A.12 for full analysis). There was
no effect due to instruction condition and no anxiety by
stress interaction.
The
the
Pearson correlation
coefficients between
self-report of tension and tonic physiological measures for
HA and LA subjects can be seen in Table 2.9.
Table 2.9:

Correlation Coefficients for Tonic Physiological
Measures and Self-Report of Tension, HA and LA
Subjects
HA
(n=27)

LA

(n=33)

Pretask Measures
Tension Rating with HR
SRL
Respiration Rate

-0.14
0.06
0.09

0.09
0.15
0.01

Midtask Measures
Tension Rating with HR
SRL
Respiration Rate

-0.01
-0.08
0.09

-0.05
0.12
-0.27

Posttask Measures
Tension Rating with HR
SRL
Respiration Rate

0.10
-0.09
0.23

0.05
0.22
0.15
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There
were
no
significant correlations
between
self-report of tension and tonic physiological measures of
HR, SRL and respiration rate, for either HA or LA subjects.
All correlations were very small, with no discernable
pattern of results evident.
The
Pearson
correlation
between
coefficients
self-report
of tension and cognitive interference and
performance measures of accuracy and RT for all stimulus
types, for HA and LA subjects, can be seen in Table 2.10.
Table 2.10:

Correlation Coefficients Between Self-Report
Measures and Performance Measures for HA and LA
Subjects
Tension
Cognitive
Rating
Interference
HA
LA
HA
LA
(n=27) (n=33)(n=27) (n=33)

Reaction Time
Shapes
Position Words - Incongruent
Position Words - Congruent
Vigilance Target

-0.12 -0.14 -0.25
-0.13 -0.15 -0.23
-0.23 -0.10 -0.28
-0.34+ 0.26 -0.28

-0.08
-0.05
-0.13
-0.15

Accuracy
Shapes
Position Words - Incongruent
Position Words - Congruent
Vigilance Targets

0.01
0.11
-0.02
0.15

-0.14
-0.19
-0.25
-0.21

0.07
0.08
-0.01
0.08

-0.16
-0.22
-0.22
-0.23

+ p<0.1

between
There
were
no
significant
correlations
self-report measures and performance measures for HA or LA
subjects.
For HA subjects, cognitive interference was more
strongly,
negatively related to performance, for both
reaction time and accuracy, than LA subjects. While overall
tension rating did not correlate strongly with performance
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measures

in

subjects,

reaction

time

to

vigilance

the negative correlation with

targets

for HA

tension approached

significance.
DISCUSSION
This study examined the effect of arousal and anxiety on
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times and

greater

task stimuli

than LA

between HA

and
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in the stress condition.

HA

that HA subjects were
detection

of

and

Accuracy data

significantly more accurate

in response

stimuli in the stress condition.

reaction times

subjects did however
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show
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Results indicated that there were no significant

differences
measures
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predicted that
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to secondary

task
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Previous evidence has suggested that peripheral cue
utilization increases under conditions of stress such as
anxiety provocation (Geen, 1985; Nielsen and Sarason, 1981;
Solso et al., 1968) or shock (Cornsweet, 1969; Shapiro and
Johnson, 1987). In this case, stress was manipulated using
instructions which emphasized the speed and accuracy of
performance, in an attempt to activate HA subjects' concerns
about performance. Results appear to concur with previous
findings, though one would expect reacton time to be shorter
if attention were allocated in the periphery.
The
in the Stress
second hypothesis stated that
conditions HA subjects would have longer reaction times and
less accuracy than LA subjects in response to primary task
stimuli.
Results showed no significant differences between
HA and LA subjects on reaction times to vigilance targets.
The accuracy indicated that HA subjects accurately detected
significantly more vigilance targets than LA subjects.
Clearly this does not support the hypothesis.
conditions
of
Restricted
cue
utilization
under
heightened arousal has been found repeatedly (Bacon, 1974;
Bahrick,
1952;
Bursill,
1958;
Fitts
and
Rankin,
Easterbrook, 1959; Geen, 1976; Hockey, 1970; Hockey and
Hamilton, 1970; Korchin, 1964;
Mendlesohn and Griswold,
1967;
So1so, 1968; Watchel, 1968).
There are conditions
however under which this does not appear to be true.
Watchel (1967) argued that under heightened arousal two
things
First, the often seen result of cue
happen.
restriction takes place, and second there are increases in
the range of stimuli scanned. The attention to peripheral
cues seen under shock or anxiety conditions lend support to
this proposition. Further under these stressful conditions,
Kahneman
(1973) suggests that allocation of attention
becomes more uneven and less precise. If attention in HA
subjects is tending toward allocation in the periphery,
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fewer attentional resources would be available for primary
or central task performance, and hence performance should
decline.
In this study accuracy data indicate that in the Stress
condition, HA subjects performed better in both primary and
secondary tasks when compared to LA subjects.
Examining
reaction time and accuracy data together, LA subjects
responded more quickly and less accurately to both tasks.
Third, in the No Stress condition, it was hypothesized
that LA subjects would show a primary task dominance with
shorter reaction times and better accuracy than HA subjects.
This was not supported. Reaction time data again showed no
significant differences. The accuracy data however shows
that HA subjects were significantly more accurate for
vigilance targets than LA subjects.
HA subjects also
correctly identified more vigilance targets in the No Stress
condition than in Stress condition, while their responses to
secondary task stimuli was less accurate.
This appears to
indicate that in no stress conditions HA subjects display
the primary task dominance expected in LA subjects.

in

Shapiro and Johnson (1987) used shock to induce arousal
subjects. They found that non-arousal groups showed a

central visual dominance when compared to shock subjects.
In this study paradoxically HA subjects are behaving like
non-arousal subjects.
Performance Measures:

Simultaneous Trials

There were ten simultaneous trials in the task where the
third digit in an odd sequence and a word or shape stimulus
appeared in the same one second period. Here task demands
were
at
their
highest point.
The hypotheses
for
for
simultaneous
trials
were
similar
to
those
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non-simultaneous trials, namely that (a) in the Stress
condition HA subjects will show faster reaction times and
greater accuracy to secondary task stimuli and less accuracy
for primary task stimuli than LA subjects, and (b) in the No
stress condition LA subjects will show faster reaction times
and greater accuracy to primary task stimuli than HA
subjects. Neither of these hypotheses were supported.
Under
Stress
conditions,
HA
subjects
showed
significantly slower reation times and significantly greater
accuracy for both primary and secondary task stimuli when
compared to LA subjects.
In No Stress conditions, LA
subjects showed significantly less accuracy and significant
more accuracy to secondary task stimuli.
Shapiro and Johnson (1987) examined RT to centrally and
peripherally located stimuli under aversive conditions.
Over 100 trials peripheral and central stimuli appeared
simultaneously on 20 occasions.
For dual task trials in
non-arousal conditions subjects responded more quickly to
central than to peripheral stimuli. In arousal conditions
subjects responded more quickly to periperal stimuli when
compared to central stimuli.
So again in the present study, LA subjects are behaving
in the manner expected of HA subjects.
This pattern of
results in performance is confusing until one examines the
tonic physiological data.
Physiological Indices:

Tonic Measures of Arousal

Three tonic physiological measures were taken during
task
performance.
These were heart
rate (HR), skin
It was
resistance
level (SRL) and respiration rate.
predicted that there would be a significant difference
between HA and LA subjects on the HR, SRL and respiration
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rate, consistent with higher physiological arousal in HA
subjects. Further, that this difference would be greater in
the Stress than the No Stress condition. This hypothesis was
not supported. While there were no significant differences
between anxiety groups on HR measures, means indicated that
for Stress condition, HA subjects had higher HR than LA
subjects, and for the No Stress condition LA subjects had
higher HR than HA subjects. SRL indicates that LA subjects
had lower levels for both instruction conditions, and
significantly so in the No Stress condition.
Respiration
rates show that LA subjects had higher rates for both
conditions approaching significance and respiration rates
habituated significantly more slowly than for HA subjects.
Taken together, these indices would seem to indicate that LA
subjects were more aroused than HA subjects, particularly in
the No Stress condition.
Returning briefly now to the performance data, in which
LA subject's performance was shown to be more accurate for
secondary (more peripheral) task stimuli than for primary
(central)
task stimuli especially
in the No
Stress
condition.
Previous research had predicted that under
certain heightened arousal conditions, subjects direct their
attention more toward the periphery than toward central
stimuli (Cornsweet, 1969; Geen, 1985; Nielson and Sarason,
1981;
Shapiro and Johnson, 1987; Solso et al., 1968). In
the No Stress condition LA subjects showed not only the
improved secondary task or peripheral performance, but also
significantly higher levels of arousal. This finding, while
not with the expected group (i.e., the HA subjects), or in
the stress
the
expected instruction condition (i.e.,
peripheral attention
condition),
supports findings of
allocation under stress.
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The question which remains is why LA subjects in the No
Stress condition showed such heightened levels of arousal.
Results would seem to indicate that LA subjects found the
task overall more challenging than HA subjects irrespective
of instruction condition. Perhaps the prospect of having
task
their
physiological
evaluated
during
systems
performance (the No Stress instructions) was perceived as
threatening by these subjects.
In abnormal laboratory
conditions anxiety has been found to be induced in normally
calm subjects (Sartory and Lader, 1981). Similarly the
normally calm LA subjects in this study responded with
greater physiologic activity and perhaps anxiety, to the
novel laboratory environment.
Self-Report Measures
As has been shown, the pattern of physiological indices
was the opposite of what was expected for LA subjects. This
being the case, the next question to be addressed is whether
these differences are reflected in self-report measures.
The original hypotheses concerning self-report stated
that HA subjects would score significantly higher on ratings
of tension and ratings of cognitive interference than LA
subjects.
There were no anxiety group differences for
tension rating in either instruction condition. There was
however a significant .elevation in cognitive interference
for HA subjects as compared to LA subjects. These measures
then do not reflect the heightened arousal seen in LA
subjects particularly in the No Stress condition.
Task irrelevant thinking (cognitive interference) has
been recognized as a consistent feature of the cognitive
life of test anxious individuals (Eysenck, 1978; Hamilton,
1975;
Sarason, 1978, 1984; Sarason and Sarason, 1987;
Wine, 1971, 1980, 1982). A concomitant, an equivalent, or
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perhaps simply a less situation specific form of this may be
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(1984)

using a

found

subjective

significant

physiological
zero

experienced).
with

correlations

indices.

(absolulte

unit of distress

The

calm)

betweeen

self-report

scale ranged

to

100

(the

scale (SUDS),
and

100 points

worst

from

anxiety

ever

This anxiety rating correlated significantly

HR (r = 0.39,

p<0.05) and left hand

temperature (r =

-0.85, p<0.01).
The

tension scale used in this study may

have been too

to correlate with measures such as HR or SRL.

specific
sensation

of

tachycardia
symptoms

tension
for

are

is

quite

So perhaps

example.

required

different

assess

to

from

that

scales of

a subject's

The
of

specific
ability to

report physiological changes.
The
rating

tension scale was
scale.

also intended to

Tension is recognized as

signs of anxiety.

act as a

mood

one of the somatic

No other measurement was taken however to

index anxious mood and this represents a shortcoming of this
study.

It is difficult to assess

how well tension reflects

anxious

mood, and therefore whether the lack of differences

between

HA

change

and

LA subjects

on tension

for LA subjects in the

reflects no

mood

face of physiological change

or simply measurement deficiency.
The
with

findings of

caution

precise

way of

heightened
This

for

this

study do need

several

First,

reasons.

discerning

why LA subjects

places

the

stress

no

index

manipulation

with

tension

ratings, no assessment can be

of

it is difficult to

performance

there

is no

responded with

physiological activity in a No Stress condition.
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In
the task itself a more
appropriate gauge of
peripheral scanning might have been a less frequent signal
located in the periphery. In addition manual reaction times
could have been used for both central and peripheral
stimuli, with subjects responding to the stimulus detected
first.
This would have provided stronger evidence for
variations in attention allocation.
Conclusion

Heightened arousal can be seen to have had an effect on
the detection and identification of peripheral stimuli in LA
subjects.
Yet this heightened arousal had little effect on
self-report variables for LA subjects. Report of cognitive
interference remained high in HA subjects and despite lower
physiological arousal, tension ratings did not decrease. It
is possible, therefore, that how one utilizes information
concerning one's physiological state plays a major role in
performance. The effect of arousal on attention to internal
sensations in anxiety is examined in the next chapter.

78

CHAPTER THREE
INTRODUCTION: STUDY TWO

Autonomic Perception and Anxiety
Mandler, Mandler and Uviller (1958) investigated the
relationship between anxiety and the perception of autonomic
sensations. Using
a
newly
developed
instrument,
the
Autonomic Perception Questionnaire (APQ), the authors found
that scores on this scale correlated with pencil-and-paper
tests of anxiety.
High APQ scorers (also high anxiety
scorers) showed significantly greater autonomic reactivity
than low APQ scorers. Further, good perceivers of autonomic
activity (those individuals who had the tendency to notice
autonomic changes) tended to overestimate their autonomic
responses.
While these three groups (good perceivers, high
APQ scorers and high anxiety scorers) were not identical,
significant subject overlap suggests that high anxious
subjects may also in the main have greater autonomic
reactions and overestimate their autonomic reactions.
This finding seemed parsimonious with conceptions of
anxiety in which greater emotional responsivity (Duffy,
Less
1962;
Epstein, 1972) and arousal were often assumed.
recognized were the perceptual factors in symptom report and
autonomic
perception.
Various
psychophysiological
investigations had assumed that the individual can detect
and report internal changes as specific symptoms and
sensations (e.g., Pennebaker, 1983).
Hence that some
accuracy exists in the perception of visceral stimuli which
accompany emotional reactions.
Mandler, Mandler and Uviller's (1958) findings cast
doubt on the accuracy of visceral perception, with high and
lower
perceivers,
autonomic activity,

overestimating
and
underestimating
respectively.
The question then arises

79

of how accurately individuals can perceive visceral stimuli
and how these perceptions, the visceral stimuli and the
emotion of anxiety are interconnected.
Methods Used
Perception

to

Investigate

the

Accuracy

of

Visceral

Investigations
examining
the
relationship
between
physiology and its perception indicate that subjects are not
particularly accurate in their perception of visceral
stimuli.
Low correlations are typically found between
symptom
report,
actual
physiological
levels
and
9hysiological
change
(Blascovich
and
Katkin,
1982;
Pennebaker, Gander-Frederick, Stewart, Elfman and Skelton,
1982; Whitehead and Dreschler, 1980).
Pennebaker et al. ( 1982) used twenty separate tasks,
each separated by a two minute baseline to assess the
conditions under which accuracy of self-report of symptoms
varied. The tasks, designed to manipulate physiological and
mood
states,
included mental
arithmetic,
relaxation,
cold-pressor test, listening to sounds, running and finger
mazes.
The thirty subjects were not particularly accurate
in their report of heart rate (HR), skin temperature or skin
resistance. For example a mean correlation between a rating
of fast or slow HR and actual HR was +0.20.
The range of
correlations between these variables was -0.21 to +0.67
indicating the large individual variations in rating.
Pennebaker and Epstein (1982 cited in Pennebaker, 1982)
replicated these results using seventeen tasks and taking
measures of physiological change and self-report every 30 to
45 seconds.
Subjects were again found to be largely
inaccurate for HR, skin temperature and respiration.
Correlation analyses then revealed that there is little
relationship between physical sensations and the report of
these symptoms.
Assessing the self-report of physical
symptoms while monitoring actual physiological change is
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however only one method of determining the accuracy of
visceral perception. Another paradigm commonly used is a HR
tracking task, in which subjects are asked to press a button
at the speed at which they believe their heart is beating.
Pennebaker ( 1981) specifically examined the estimation
of HR in response to differing stimuli.
In an initial
experiment, thirty-one subjects were asked to rate a series
of slides while estimating HR.
Slide rating included
dimensions of interest,
pleasantness,
arousability and
wanting to see more or less of that content.
Overall
subjects misperceived their HR by 21.8 bpms.
Generally it
was found that the more interesting a slide was rated, the
faster the HR estimation, and the more pleasant the rating,
the slower the HR estimation.
Pleasantness and interest
were not significantly related to actual HR.
It appears
then that subject's estimates of HR are influenced by
external stimulus factors to a greater degree than actual
HR.
The second experiment, asked twenty-two subjects to
participate in five tasks ranging from loud unpredictable
noises, peaceful boat scenes, viewing sexually arousing
scenes, being interviewed and listening to street sounds.
During each of these tasks subjects were asked to estimate
their HR and rate how accurate they felt their HR estimation
was.
Despite poor accuracy of HR estimation (subjects
misperceived their HR by 18.5 bpms), estimated and actual HR
were again highly dependent on stimulus characteristics.
Further there was no relationship betw€en perceived accuracy
and HR estimation.
These findings support earlier results which indicate
that external stimuli must be considered when examining HR
(1980)
used two
estimation.
Pennebaker and Lightner
reports
contrasting
paradigms
to
investigate
symptom
external
following
strenuous
exercise
with
differing
stimulation. In one experiment 57 male volunteers jogged on
One group heard distracting street sounds
a treadmill.
another
heard
the
amplification
of
their
own
while
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breathing.
fatigue

Subjects

and fewer

groups.

symptoms

The other

around

a

symptom

street sounds

or to

were

reported less

than the breathing

experiment

stadium,
report

hearing

or control

asked subjects to

jog cross-country.

not

significantly

jog laps

Fatigue and

different, though

cross-country joggers completed their distances faster.
increased

speed

external

was

attributed

stimuli which

to

the more

draw attention

The

interesting

away from

internal

cues.
Both
not

self-report and tracking paradigms have shown that

only are individuals inaccurate in

visceral

stimuli,

stimuli.

In

but

order

discriminate

they

to establish

visceral

signal-detection

are

their perception of

influenced

by

external

whether individuals

signals

from

can

signals,

other

the problem of

theory has been applied to

visceral perception.
A heartbeat discrimination paradigm requires subjects to
discriminate
contingent
decide
with
of

between two sets of

tones, both of which

on their heartbeats.

are

Subjects are required

to

whether sets of tones are matched or are not matched
their heartbeats.

This task has been used by a number

investigations (Katkin,

Katkin,

Morell,

Montgomery

and

Goldband,
Jones,

Blackwell, 1976;

Blascovich
Bernstein

1984;

and

Whitehead,

Wise, 1982;
Drescher and

Whitehead, Drescher, Heiman and Blackwell,

1977).

A general conclusion which can

studies

is

that

heartbeats.

and Goldband, 1987;

subjects

They did

cannot

not

be drawn from these

accurately discriminate

examine the effect

of external

stimuli on discrimination.
Investigations
symptoms

are

perceptual
implicated
1977;
physical

of visceral perception have assumed that

perceived
processes

in
that

in the perception

Pennebaker,

accordance

1982).

have

with

the

same

traditionally

been

of external stimuli
The

probability

symptoms is thus inversely related

(Brener,

of reporting
to the quality
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and quantity of external information sources, since internal
sensory and external environmental
cues are often
in
competition for processing (Pennebaker, 1983). Awareness of
symptoms may not be dependent only on a variety of internal
and external cues, but in addition sets or schemata the
individual may hold.
Awareness of internal sensation does
not therefore represent a one-to-one correspondence with
actual physiological change (Pennebaker, 1983).
Mihevic (1981) has argued that since general changes in
the
body,
in
response
to
exertion
(carbon
dioxide
consumption and muscle lactate concentration), correlate
highly with perceived exertion, individuals can perceive
gross changes in physiological state.
It is only the more
specific measures such as the HR that subjects cannot
perceive.
This
assumption
has
support
from
neurophysiological studies which show that only small areas
of the cortex are devoted to the reception of visceral
information.
In addition, the cortical afferents are not
localized with respect either
(Brener and Jones, 1974).

to

topography

or

function

Part of the problem may be that unless there are gross
changes in physiological state, no attentional capacity is
given to visceral cues.
The body operating within normal,
homeostatic limits has no need for

regulation or attention

from the cortex. It is possible therefore that increases in
arousal

or

high

pre-requisite

for

levels

of

arousal

accurate symptom
to internal cues.

generally
perception,

may

be

since

a
it

draws attention
It has also been
postulated that individuals may encode change information,
not absolute or static levels (Pennebaker, 1982).
Several
studies have examined the effects of increasing arousal on
visceral perception.
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The Influence of Arousal on Visceral Perception
Exercise-induced arousal has been found to improve
heartbeat discrimination using the signal detection paradigm
(Jones and Hollandsworth, 1981; Schandry and Specht, 1981).
Jones and Hollandsworth ( 1981), using work on an exercise
bike to increase arousal, asked subjects to determine
whether a light was pulsing faster or slower than their HR.
Subjects were divided into three groups based on their level
of physical fitness, high-aerobic conditioning, intermediate
and no exercise.
Overall increases in arousal enhanced
heartbeat detection.
Further, male subjects who routinely
engaged in vigorous exercise programs showed significantly
more cardiac awareness at rest than other groups. This may
reflect
the
effects
of
experience
heartbeat
on
discrimination.
Affective stimuli also produce changes in arousal.
Katkin, Blascovich, Reed, Adamee, Jones and Taublieb (1982)
found that negative stimuli produced decreases in HR which
were
accompanied
by
improvements
in
heartbeat
discrimination.
The authors used three types of affective
slides;
positive (semi-nude females), negative (mutilated
victims) and neutral (office scenes).
Positive and neutral
slides produced very little change from baseline in
interbeat
interval,
while
negative
slides
produced
significant changes from baseline.
The accuracy of
heartbeat detection followed the degree of change from
baseline, with subjects in the negative slide condition
being most accurate.
Katkin et al. ( 1982) considered the
change in HR to be of paramount importance in the improved
accuracy of heartbeat detection, and may be related to
increased myocardial contractibility.
Since the level of arousal can effect the perception of
visceral systems and individuals may encode physiological
change data rather than tonic level data, i t follows that
those who are characteristically more physiologically
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responsive,
respond
with
greater
perceptual
accuracy
following heatbeat discrimination training. Finally arousal
may influence the perceived intensity of physical stimuli.
Taken together these suggest a complex relationship between
the perception of body responses and its energetic state.
Visceral Perception, Arousal and Emotion
If changes in arousal do influence the discriminability
and perceived intensity of physiological responses, one
might expect a
of
concomitant
rise
in
the
rating
emotionality, since studies utilizing false HR feedback have
shown that individuals are aware of the qualitative
relationship
between
visceral
activity
and
emotion
(Borkovec, Wall and Stone, 1974; Ehlers, Margraf, Roth,
Tayler and Birbaumer, 1988;
Fenigstein and Carver, 1978;
Kerber and Coles, 1978;
Valins, 1966).
With this
understanding of the relationship between autonomic activity
and
emotion,
those
individuals
who
perceive
their
physiological changes accurately or at all, may be subject
to greater mood changes than those who are unaware of
visceral activity, though actual physiological change may be
the same.
Hantas, Katkin and Blascovich (1982) instructed 63
undergraduate subjects in the heartbeat discrimination task.
Following this task, subjects were grouped into good and
poor visceral perceivers;
good visceral perceivers being
those whose heartbeat detection was significantly above
chance.
Following this, all subjects were shown slides of
mutilated victims and all subjects showed some degree of the
change to these noxious slides. The good perceivers however
rated themselves as more upset by the slides than the poor
perceivers. Schandry (1981) also tested the hypothesis that
emotional experience is coupled to the perception of bodily
processes.
HR, skin conductance and respiration measures
were taken.
Subjects were divided into good and poor
perceivers on the basis of their accuracy in a HR tracking
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(estimation)
task.
It was found
perceivers showed greater emotional
significantly
more state
anxiety
perceivers.

that good visceral
lability and reported
than poor visceral

Increases in rating of emotional states then may be
related to more accurate perception of the physiological
state, rather than more objective physiological activity in
the highly emotional individual. This suggests that for
those individuals who are characteristically anxious in, for
example, performance situations, the increased report of
physiological change could be due to the fact that they are
more
accurate
visceral
perceivers,
rather
than to
significant actual physiological changes per se. Indeed,
Wine (1971) suggested that high test anxious individuals
perform poorly on exams because they are processing a
disproportionate amount of internal sensory information
relative to the tests they are taking. If these individuals
are attempting to process information about physiological
changes, it would explain both the increased symptom report,
and the decreases in performance so commonly seen.
Aims of Study Two
There are three aims which concern this study. First,
to examine the accuracy of HR estimation in high test
anxious (HA) and low test anxious (LA) subjects. Mandler,
Mandler and Uviller (1958) had suggested that highly anxious
individuals also tend to score higher on the APQ and were
better perceivers of physiological stimuli.
This tendency
for anxiety report to be related to more accurate visceral
perception was supported by Schandry (1981) who also found
good visceral perceivers report more state anxiety than poor
visceral
perceivers.
The aim then is
to assess if
differences exist between HA and LA groups on HR estimation
and to determine if these differences are related to
objective differences in actual physiological arousal.
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Second, to assess whether accuracy in both anxiety
groups increases with arousal elevations. Exercise-induced
arousal increases have been found to increase the accuracy
of
HR discrimination (Jones and
Hollandsworth, 1981;
Schandry and Specht, 1981) and decrease in HR due to
negative emotional stimuli (Katkin et a1., 1982).
The
effect of increasing arousal through a psychologically
challenging task on HR estimation has not been examined.
Finally to examine the degree to which self-report
measures correlate with actual physiological variables and
HR estimation. This is in part to replicate early studies
which examined the relationship between actual physiology
and self-report of symptoms (Pennebaker et al., 1982;
Pennebaker
and
Epstein,
1982),
and
to assess
if
dispositional anxiety has any effect upon this relationship.

1.
2.
3.

4.
5.

The hypotheses concerning this study are:
There will be a significant difference between HA and LA
subjects on HR and SRL measures across tasks.
There will be a significant difference between HA and LA
subjects on the accuracy of HR estimation.
As arousal increases, HA subject's estimation of HR will
be
more related to actual HR
than LA subject's
estimation.
There wil be a significant difference between HA and LA
subjects on posttask measure of state anxiety.
There will be a significant difference between HA and LA
subjects
on
the
posttask measures
of cognitive
interference and symptom report.
METHOD

Overview and Design

A 2 x 3 between and within subjects design was used, in
which subjects were divided into high test anxious (HA) and
low test anxious (LA) groups and task performance was
separated
into three levels of
task difficulty.
HR
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estimations were recorded in three task periods accompanied
by no mental arithmetic, counting by two's, and counting by
seven's.
HR and skin resistance were recorded during task
performance.
In addition, posttask self-report measures of
anxiety, physical symptoms and task irrelevant thinking were
taken.
SUBJECTS
Sixty subjects were selected from the student po
pulation of the Canberra College of Advanced Education
(C.C.A.E.) and included administration, health education,
sports management and nursing undergraduates. Students were
approached during lectures and asked to participate in a
study examining the effects of performance anxiety on
performance and physiology. Students were told that the aim
of the experiment was to examine physiological responses
during task performance to discover if differences existed
between high and low anxious people. No monetary incentives
or course credits were given.
It was emphasized that both
individuals who experienced anxiety before exams and those
who did not were required for the study.
A selection test (Reaction To Tests Questionnaire, RTT Sarason,
1984) was then given to those students who
indicated their willingness to participate.
Subjects were
divided into high test anxious (HA) and low test anxious
(LA) on the basis of their scores on the RTT.
The mean
score on the RTT for the entire sample was 80.
The sample
was split at the mean to produce the HA (n = 30) and LA (n =
30) groups.
Due to small numbers of volunteers all HA
students who volunteered were admitted into the study; only
a
number
of
LA
individuals
were
not
selected
for
participation to ensure equal group sizes. Ages ranged from
18 to 40 years, with a mean of 22.4 years.
There were 41
females and 19 males.
All subjects selected completed the
experimental procedure.
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APPARATUS
Posttask Scales
Following the completion of task procedures subjects
were required to complete three posttask questionnaires;
the Cognitive Interference Questionnaire (see, Chapter Two,
p.58 for description, Appendix A.3 for scale), the Symptom
Checklist and the Emotion Rating Scale (Pennebaker, 1982;
see Appendix B.l). The Symptom Checklist (Pennebaker, 1982)
was developed to assess fourteen physical symptoms.
Each
symptom is rated on a seven-point scale ranging from, for
example, 1, no headache, to 7, severe headache. The Emotion
Rating
Scales
(Pennebaker,
1982)
were
developed
in
conjunction with the Symptom Checklist.
They consist of
five emotions - happy, anxious, angry, guilty, sad - each
rated on a seven-point scale, ranging from 1 - not anxious
to 7 - anxious. These scales were used by Pennebaker (1982)
to examine the relationship between emotion and physical
symptomatology.
Physiological Recording
Heart rate and skin resistance level and responses were
moni tared during task performance.
Physiological responses
were recorded on a four channel EEG/Polygraph (Model 79;
Grass Medical Instruments, Quincy, Mass. USA).
HR was
monitored using two, lOmm silver-chloride electrodes placed
on the wrist of the non-dominant hand and the ankle of the
applied with Neptic
dominant
side.
Electrodes were
Electrode Gel
(Smith and Nephew Pharmaceuticals Ltd.,
moni tared
using
two
England) .
Skin
resistance
was
silver-chloride electrodes (lOmm) applied dry to the second
and fourth fingers of the non-dominant hand.
Heart Rate Tracking
A hand held switch was connected to the Polygraph
recorder to permit heart rate (HR) estimations made by
subjects to be recorded adjacent to actual HR.
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PROCEDURE

All subjects were tested individually.
The laboratory
temperature was held at approximately 20°C.
Following
initial explanation of the experiment, a five minute pretask
measure of heart rate (HR) and skin resistance level (SRL)
was taken.
Subjects' physiological responses were monitored
for the duration of the task.
The task procedure was divided into three parts, each
designed to be more difficult and physiologically arousing
than the last.
In the first part (Task One), subjects were
initially requested to measure their carotid pulse for 30
seconds.
Following this, they were asked to estimate the
speed at which they believe their heart to be beating,
without monitoring their pulse by pressing a hand-held
switch at the stimated rate.
Subjects were instructed to
focus their attention "inward" and attempt to "pick up"
signals from their body which would aid the accuracy of
estimation. Subjects estimated HR for 3 minutes.
In the second phase of the experiment (Task Two),
subjects were once again instructed to estimate their HR.
Simultaneously, subjects were required to count out loud
from 0 to 300 using 2's.
The third phase (Task Three)
consisted of an identical procedure to the second phase,
with the exception that subjects were required to count
aloud from 0 to 400 using 7's.
At the completion of the experiment, subjects completed
posttask
questionnaires
consisting
of
the
Cognitive
Interference Questionnaire ( Sarason, 1980 - task specific
items) and the Symptom Checklist and Emotion Rating Scale
(Pennebaker, 1982).
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Data Reduction

There were six samples of HR and estimated HR were
sampled in five second lots at 15 second intervals.
Sampling began 20 seconds after commencement of the task.
HR beats per minute (BPM) and estimations per minute (EPM)
were sampled in the second minute for each task, for one
minute (see Figure One).

One minute
sample
5 second

samples

1
1 1

2

3

4

5

6

1 1

1 1

1 1

1 1

1 1

seconds
0

Figure One:

20

60

120

Schematic Diagram of Sampling of Actual and
Estimated HR (see text for details)

Skin
resistance
level
(SRL)
was
sampled at
the
commencement of each task and at time intervals of 60
seconds. Each subject had three SRL readings for each task.
The number and size of non-specific skin resistance
responses (SRR) were also sampled in the second minute of
each task. SRR samples were of 60 second duration.
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RESULTS
Actual and Estimated Heart Rate
The actual and estimated heart rate (HR) for each of the
HR estimation and counting tasks for high test anxious (HA)
and low test anxious (LA) subjects can be seen in Table 3.1.
Both one minute and 5 second samples are shown.
Table 3.1:

Mean Scores for Actual and Estimated HR Across
Tasks for HA and LA Subjects

'I'as'Ks

AC:tuai HR
HA
(n=30)

Estimated HR

LA
(n=30)

HA
(n=30)

LA
(n=30)

Pre task

83.33

81.97

One Minute

84.07
7.13
7.17
7.23
7.20
7.17
7.27

82.07
7.03
7.07
7.03
7.00
6.97
7.17

66.77
5.90
5.67
5.97
5.80
5.83
6.07

60.50
5.37
5.50
5.37
5.40
5.27
5.23

95.13
8.30
8.27
8.20
8.23
8.10
8.03

92.27
8.07
8.13
7.93
8.17
7.93
7.83

67.63
6.00
6.00
6.07
5.87
5.83
5.87

57.63
5.43
5.47
5.30
5.30
4.90
5.23

95.13
8.20
8.17
8.30
8.00
8.23
8.33

90.40
7.97
8.00
7.97
7.67
7.77
7.80

71.83
5.53
5.63
6.10
6 .13
6.23
6.13

68.70
6.10
6.30
5.77
5.93
5.33
6.30

ONE
1.
2.

3.
4.
5.
6.
TWO
One Minute
1.

2.
3.

4.
5.
6.
THREE
One Minute
1.

2.
3.

4.
5.
6.
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Univariate
analysis
of variance
(ANOVA)
found
no
significant differences between HA and LA groups on pretask
HR.
The mean actual HR and HR estimation data was analysed
using a 2 (anxiety groups) x 3 (task levels) repeated
measures multivariate analysis of variance (MANOVA - see
Appendix B.3 for complete table). This procedure revealed
no significant differences between anxiety groups on actual
HR in tasks or estimated HR.
Examination of the one minute
and five second sample means show that HA subjects have
consistently higher actual HR and estimated HR than LA
subjects.
MANOVA used to determine the degree to which the
differing phases of the experiment effected the dependent
measures, revealed a significant increase of actual HR
across tasks [F(2,116) = 102.23, p=O.OOOl] and a similar
significant increase in estimated HR [F(2,116) = 4.19,
p=0.018].
Accuracy of Heart Rate Estimation

Accuracy of estimated HR was examined in two ways. First
separate accuracy scores were recorded for each subject over
the course of the experiment by computing the absolute
difference between estimated and actual HR for each five
second block.
This accuracy score then represents the mean
deviation between the subjects' estimated HR and the actual
HR (Pennebaker, 1981).
The mean accuracy scores for HA and
LA subjects can be seen in Table 3.2.
Table 3.2:

Accuracy Scores for Estimated HR-Mean Deviations
(bpm)
HA
(n=30)

Task:

One
Two
Three

LA
(n=30)

22.23

21.90

34.97
39.50

34.63
24.70
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Mean deviations for each task (in bpm's) indicated that
as the tasks became more difficult, HA subjects increasingly
misperceived their HR. LA subjects had a comparable lack of
accuracy until task three when they became significantly
more accurate.
The mean deviations between actual and
estimated HR were analysed using a 2 (anxiety groups) x 3
(task levels) repeated measures multivariate analysis of
variance (see, Appendix 8.4 for complete MANOVA table).
This analysis
revealed a
significant task by anxiety
interaction [F(2,116) = 5.29, p=0.006].
The second analysis of accuracy involved computing
correlation coefficients between estimated and actual HR.
Individuals may misperceive actual HR by a constant factor,
thus if individuals can perceive changes in HR with any
accuracy, such changes should be sensitive to correlational
procedures (Pennebaker, 1981).
seen in Table 3.3.
Table 3.3:

Correlations Between Actual and Estimated Heart
Rate for HA and LA Subjects

Task

One

Samples:
One Minute:
Five Second:
1.

2.
3.
4.
5.
6.
•

p<O.OS

Correlation analysis can be

Three

Two

HA

LA

HA

LA

0.29

0. 56' ..

o. so"

o.6o'*" 0.37 *

0.53''

0.46 ' '
0.34
0.36
0.10
0.12
0.28

0.43'
o.so*"
0.34
0. 46"
0. 56 .. '
0.35

o.so * *
0.64'*"
0.41 •• •
0.47
0.50 * *
0.21

0.37 '
0.30
0.42 *
0.30
0.41 *
0.50 ' *

0.~~*'**
0.
'

• *

p<O.Ol

•••

p<O.OOl

Note: For each anxiety group, n=30.

HA

0.40 '
0. 40 *
0.44*
0.29
0.09
0.36

* * * * p<O.OOOl

LA

'

.

0.57*'*
••
0.54
0.57'"
0.45 *
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Table 3.3 shows Pearson correlation coefficients between
actual and estimated HR for one minute and five second
samples in all three tasks.
Analyses indicated that LA
subjects' estimation of HR was significantly related to
their actual HR.
LA subjects' estimates of HR
were also
overall more related to actual HR than HA subjects.
The
exception to this is Task Two, where estimation and actual
HR are significantly related for both HA and LA subjects.
Skin Resistance Levels and Responses Across Tasks

Skin resistance levels
(SRL),
number and size of
non-specific skin resistance responses (SRR) were recorded
for each task. Mean SRL (ohms) and SRR can be seen in Table
3.4.
Table 3.4:

Mean Skin Resistance Levels (ohms) and Skin
Resistance Responses for HA and LA Subjects

Tasks

HA
(n=30)

LA
(n=30)

Pretask SRL

587100.0

618363.3

SRL
SRR: number
SRR: size

497527.0
6.3
565.8

515850.3
5.6
535.9

SRL
SRR: number
SRR: size

429803.3
11.1
1064.4

444372.6
10.9
1014.9

SRL
SRR: number
SRR: size

403704.3
8.5
1180.8

390995.8
8.4
944.5

One

Two

Three
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Repeated
(MANOVA)
to

measures

multivariate

of

variance

using a 2 (anxiety groups) x 3 (task level) design

analyse the skin resistance

complete

MANOVA

tables).

between HA and LA

resistance

measures

generally
numbers

had

lower

data (see Appendix B.5
There

differences

were

no

significant

subjects on any of

across

tasks,

levels

of

for

though

HA

skin resistance,

the skin
subjects
greater

of responses and larger responses than LA subjects.

MANOVA
tasks

analysis

revealed
for

that

both

SRL

decreased

groups [F(2,116)

significantly across

= 53.61,

p=0.0001], the

number

of SRR increased significantly across tasks for both

groups

[F(2,116)

responses

=

increased

45.54,

p=0.0001],

significantly

and

across

the
tasks

size

of

for both

groups [F(2,116) = 14.05, p=0.0001].
Self-Report Measures
The

mean

cognitive

ratings

for

posttask

interference, symptom

report

questionnaires

of

and anxiety rating

for HA and LA subjects can be seen in Table 3.5.
Table 3.5:

Mean Scores for Posttask Questionnaires.
HA and LA Subjects
HA
(n=30)

LA
(n=30)

Cognitive Interference

28.27

23.00

Symptom Report

26.63

19.63

Anxiety Rating

3.67

2.73

Univariate
revealed
cognitive
greater

analyses

that HA

of

subjects'

variance

(see

Appendix

B.6)

experienced significantly more

interference, [F(1,59)

= 9.059,

p<0.001] and

a

number of physical symptoms during task performance

than LA subjects [F(1,59) = 10.982, p<0.01].

Anxiety rating
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as also significantly elevated for
4.293, p<0.05].

HA subjects

[F(l,59)

=

The mean ratings for individual symptoms, posttask, for
HA and LA subjects can be seen in Table 3.6, with associated
t-tests.
Table 3.6:

Mean Scores for Self-Report of Physical Symptom
for Anxiety Groups
-~---HA

Symptoms

Headache
Racing Heart
Itch
Shortness of Breath
Ringing Ears
Upset Stomach
Congested Nose
Sweaty hands
watery Eyes
Chest Pains
Stiff Muscles
Flushed Face
Dizziness
Cold Hands
••

• p<O.OS

p<O.Ol

(n=30)

LA
(n=30)

1. 46
2.86
1. 23
1. 90
2.10
1. 33
1. 66
2.76
1. 40
1.16
2.26
3.00
1. 33
1. 76

1. 33
2.06
1. 20
1. 30
1. 33
1. 06
1. 36
2.06
1. 03
1. 03
1. 73
1. 50
1.10
1. 60

t
(df=58)
0.67
2. 75"
0.16
2 30'
2: as"
1. 85
1.14
1. 84
1. 56
1. 43
1. 45
4. 52' ..
1. 54
0.47

• •• p<0.001

Symptoms were rated on a seven-point scale,

thus means

indicate that symptom report was quite low.
HA subjects had
consistently higher ratings for each symptom.
The symptoms
of

racing

heart,

shortness

of

breath,

ringing

ears

and

flushed face produced significant differences between HA and
LA subjects.
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Correlation

Between

Self-Report

and Actual

Physiological

Responses
Pearson

correlation

physiological
(SRL),
and

variables,

number and size

coefficients
HR

(bpm), skin

between

resistance level

of skin resistance

total symptom report score,

actual

responses (SRR)

cognitive interference and

anxiety rating can be seen in Table 3.7.
Table 3.7:

Correlations Between Actual Physiology, Symptom
Report, Cognitive Interference and Anxiety
Rating for HA and LA Subjects, Across Task
Conditions

scale

--~-

Symptom
HA

LA

cogniTion-HA

Anx1ety

LA

HA

LA

Task One
HR (bpm)
0.33
SRL
-0.09
SRR: no.
0.06
SRR: size
-0.10

0.02
-0.14
0.31
0.17

0.28
-0.18
0.18
-0.07

0.13
-0.01
-0.05
-0.01

0.37 *
-0.02
0.06*
0.37

-0.13
-0.06
0.03
0.05

Task Two
HR (bpm)
0.19
SRL
-0.09
SRR: no.
0.27
SRR: size
0.25

0.11
-0.06
0.01
-0.19

0.26
-0.18
0.34
-0.04

0.18
0.08
0.09
-0.24

0.32
-0.09
0.14
0.12

-0.26
-0.02
0.10
-0.22

Task Three
HR (bpm)
0.32
SRL
-0.01
SRR: no.
-0.13
SRR: size
0.09

0.21
0.02
0.05*
-0.43

0.36 *
-0.08
0.06
-0.06

0.18
0.10
-0.19
-0.21

*

0.41 *
0.02
0.08
0.11

-0.23
0.04
-0.01
-0.07

p<0.05

Note: For each anxiety group, n=30.

There

is

correlation

no

trend

of significance

coefficients between symptom

interference,
variables.

clear

anxiety
The

most

rating

and

consistent

within the

report, cognitive

actual

physiological

correlations

which

are
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significant or approaching significance for HA subjects, are
between HR in all three tasks and the posttask scales.
Correlations between HR, cognitive interference, anxiety and
symptom report are strongest in task three for HA subjects.
For LA subjects there are no consistent correlations between
physiological and self-report variables.
Correlation Between Estimated HR and Self-Report

Pearson correlation coefficients between estimated HR
and self-report measures of total symptom report, cognitive
interference and anxiety rating can be seen in Table 3.8.
Table 3.8:

Correlations Between Estimated HR, Symptom
Report, Cognitive Interference and Anxiety
Rating for HA and LA subjects, Across Task
Conditions

scaie

Cogii~t~on

Symptom
HA
LA

HA

0.37
0.19
0.09
0.30
0. 46" 0.07

0.05
0.22
0.07

Arix~ety

LA

HA

LA

Estimated HR
Task One
Task Two
Task Three
* p<0.05

*•

0.29
0.25
-0.09

0. 46 *
0.44 ••
0.51

0.06
0.09
-0.12

* * p<O.Ol

Note: For each anxiety group, n=30.
Significant correlations between estimation of HR and
self-report of physical symptom and anxiety occurred only
for HA subjects.
cognitive
groups.

Estimation of HR did not correlate with

interference

rating

for

either

of

the

anxiety
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DISCUSSION
This study examined the relationship between anxiety,
arousal and heart rate (HR) estimation.
Findings indicated
that the arousal manipulation was successful in increasing
arousal over the three tasks.
There were no significant
anxiety group differences on any physiological variable, or
on the estimation of HR.
Accuracy of HR estimation did
produce anxiety differences with HA subjects misperceiving
their HR to a greater degree as task demand increased.
Post task
questionnaires
produced
also
anxiety
group
differences, with HA subjects reporting more anxiety, task
irrelevant
thinking
and
physical
symptomatology.
Correlation analyses appear to indicate that actual HR may
be a factor in the post task ratings. Estimation of HR was
significantly related to the report of anxiety and symptoms.
Arousal Manipulations
The significant increases in HR and decreases in SRL
across tasks, indicated that the arousal manipulation was
successful.
Actual HR increased by over 10 bpms from Task
One (HR tracking alone) to Task Two (HR tracking and mental
arithmetic).
The addition of a more difficult form of
mental
arithmetic
in Task
Three did not
appreciably
influence HR with Task Two levels being maintained.
SRL
shows that arousal increased over the three tasks, though
again the resistance decrease is not as great between Tasks
Two and Three.
Cardiac activity has been found to be the most sensitive
indicator of variations in task difficulty levels (Carroll
et al., 1986a;
1986b;
Turner and Carroll, 1985). HR data
indicates therefore that while the tasks were designed to
increase arousal progressively, the dual task of HR tracking
and

addition

by

seven's

physiological demands.

did

not

substantialy

increase
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The
hypothesis
there
would
be
significant
that
differences between HA and LA subjects on HR and SRL across
tasks was not supported.
While HA subjects did have higher
HR in all tasks, and at pretask, than LA subjects, this
difference was never greater than 5 bpms.
HA subjects also
had lower SRL than LA subjects until Task Three when LA
subjects' SRL dropped marginally below that of HA subjects.
Again, the difference between anxiety groups is small;
never more than 20,000 ohms.
The lack of differences
between HA and LA subjects on physiological variables has
been found in a number of studies (Holroyd and Appel, 1980;
Holroyd et al., 1978; Montgomery, 1977).
It indicates that
HA and LA subjects were not differentially physiologically
effected by the tasks.
Accuracy of HR Estimation and Anxiety
There were two hypotheses concerning the accuracy of HR
estimation.
First, it was predicted that there will be a
significant difference between HA and LA subjects on the
accuracy of HR estimation.

This was partially supported.

One minute and five second samples of HR estimation show
that subjects were not objectively accurate
in their
estimation.
This confirms findings in a number of studies
which

show

that

estimation

or

discrimination

activity is not accurate

(Katkin et al.,

al.,

1981;

1982;

Pennebaker,

of cardiac
Katkin et
1981;

al., 1982;
Whitehead et al., 1976; Whitehead et al., 1977). Data from
this study further indicate that HA subjects estimated their
hearts to be beating at a
though not significantly so.
increase

significantly

Pennebaker

et

faster rate than LA subjects
Further, estimations of HR did

across

tasks,

as

did

actual

HR.

While superficial examination of the means would appear

to

indicate

in

that

HA

estimation

than

otherwise.

The

estimated

HR

subjects

LA

could

subjects,

mean

indicate

deviation
that

as

be

accuracy
scores
task

more

accurate

measures
between

demand

indicate

actual

increased,

and
HA
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subjects
LA

misperceived their HR

subjects' estimations

to an ever

improved

greater degree.

in Task Three

subjects' estimation deteriorated significantly.

while HA
It is here

that the significant anxiety difference occurs.
The

second

increased

predicted

HA subjects' estimations

related

supported.

Correlation

and

estimated

HR show

estimations

appear to

be

correlations
estimation

of HR was most

as

arousal

become more

This again was only

coefficients

that overall,

between

LA subjects'

more related to
in

strongest

that

of HR will

to actual HR than LA subjects.

partially
actual

hypothesis

actual HR, with
HA subjects'
Three.

Task

closely related to actual

HR in

Task Two.
The
and

differential pattern of correlations between actual

estimated HR

for

HA and LA

subjects may reflect

influence of arousal and arousal changes.
that

increases

heartbeat
Schandry

in

arousal can

discrimination
and

Specht,

1981)

It has been shown

influence the

(Jones

accuracy of

and Hollandsworth,

when

HR

the

is

1981;

elevated during

exercise.

Katkin et al. (1982) and

emphasized

the importance of changes in cardiac activity in

improving

the

response

to

contractility

accuracy
affective

of

HR

stimuli

Pennebaker (1982) have

perception.
may

Changes

increase

(Katkin, 1984) improving HR

in

myocardial

perception, even

if HR is not significantly affected.
In
most

this study, the estimation of HR for HA subjects was
related to actual HR

increase
for

in HR occurred.

Task Two, HA subjects

in Task Two, where
This would

not

seem to indicate that

misperceived their HR to

constant degree than for other tasks.
proposed

for

HA

subjects,

the

a more

It could therefore be

that while objective accuracy of

improve

the greatest

estimated HR did

change

in actual

HR

produced estimation more related to actual cardiac activity.
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In

other sections of the experiment, HR did not change to a

significant degree, and
related to actual HR.
LA
HR

estimation was

subjects' estimations are more

overall, least correlated in

Three

when

therefore
than

compared

HA

be relatively

HA

subjects.

subjects

subjects.

more

information
achieved.

is

thus

present
change

If

change

in actual HR

would

be expected to
estimated HR.

may

a

be that

during these tasks

greater
some

amount

degree

physiology

from

subjects

explanation may

and
in

LA

in Task

accurate visceral perceivers

A second

experienced

correlated to actual

Task Two and most

experienced more arousal

normally

and

to

not significantly

of

of

than
change

accuracy is

were paramount,

Task One to Task

LA

the

Two of 10 bpms

increase correlations between

actual

Clearly, this did not happen, thus other

factors must be taken into account.
Task Demands and Accuracy
The

significant task

by anxiety

interaction for

deviations

between actual and estimated HR

the

changed

tasks

and

became

mean

reveals that as

more complex,

HA subjects

became increasing inaccurate, while LA subjects' estimations
improved

in Task

Three

tracking

alone.

Studies

external

stimuli

or

(Pennebaker,

to levels almost
have

tasks

1981;

shown

can

equivalent to HR

that the

influence HR

Pennebaker

and

nature of
estimations

Lightner,

1980).

Pennebaker (1981), for example, found that interest in slide
content
rated

increased the speed of HR
as

pleasant

experiment,

Pennebaker

relationship
and

and

Lightner

between external

(1980)

examined the

stimuli, strenuous
Those

exercise

subjects who were

with distracting stimuli (street sounds) reported

significantly
hearing

In another

HR estimation.

the report of symptomatology.

presented

study

slowed the

estimation, while slides

the

less fatigue
amplification

and fewer
of their

also indicates that increases in

symptoms than

those

own breathing.

This

the energetic state
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are not sufficient to improve the perception of visceral
stimuli.
If
the
environment
holds
distracting
or
potentially more important stimuli, attention to visceral
systems appears to diminish.
Mean deviations scores may reflect that HA subjects are
more distracted by the stimulus characteristics of the task,
therefore
their estimation is
increasingly inaccurate.
Further, the increasing rate of estimation would indicate
that the task was perceived as becoming more taxing, even if
actual physiological changes do not reflect this change in
demand.
Therefore it was the expectation of increasing
demand rather than actual demand which increased the rate of
estimated HR, and made it less related to actual HR.
This
is in keeping with the notion that sets or schemata may
influence the awareness of internal sensations (Pennebaker,
1983).
These schemata may alter the attentional strategies
of that individual, such as the amount of external as
compared to the amount of internal information which is
processed.
Wine (1971) had proposed that HA individuals process a
disproportionate amount of internal sensory information
relative to task information.
This would suggest that when
comparing LA and HA subjects, HA subjects' estimation should
be more related to actual HR. Another possibility could be
that
HA
subjects
would
overestimate
their
autonomic
activity, as Mandler et al. (1958) found.
Data suggest
however that HA subjects' HR estimation may be far more
influenced
by
task
stimuli
and
the
expectation
of
difficulty.
An explanation for this attentional bias may be found in
the very nature
n~gative

of

evaluation

test or performance anxiety.

is

regarded

as

one

of

the

Fear of

central

The
components of this anxiety (Beck and Emery, 1985).
tasks in this study required subjects to "perform" for the
experimenter with the oral presentation of solutions of
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mental

arithmetic.

maintaining
external

This type of task, while increasing and

arousal, gives more
task

owing

to

valence to performing

the

perceived

the

immediacy

of

evaluation.

The HR estimation component of the task was, by

comparison,

remote from evaluation.

attention
task

was distracted from visceral

cues.

increased

systems to external

Then as the task became more complex, while not

significantly
Since

Therefore HA subjects'

effecting

because

attention

HA
was

actual

subjects

HR,

estimation

expected

already directed

HR to

of

HR

increase.

away from

visceral

stimuli, they were unable to verify the HR increase and thus
the

degree

estimation
could

of

misperception

of HR became more accurate

indicate

concerns

increased.

that

about

those

subjects'

in Task Three.

individuals

evaluation,

LA

return

who

to

This

have

more

fewer

accurate

estimation when task demands are no longer novel.
self-Report Measures
The

hypothesis

differences
measures

that

between

of

HA

and

cognitive

Sarason

(Sarason,

be

significant

subjects on

the posttask

symptom

report

and

Elevations in cognitive interference

characteristically seen

situations

LA

will

interference,

anxiety was supported.
are

there

in HA

1984;

and Stoops, 1978).

subjects in

Sarason

and

evaluative

Sarason,

1987;

Similarly, the self-report

of

anxiety elevates in response to stressful conditions (Crabbs
and

Hopper,

relationship
clear,
an

1980;

Holroyd

and

of elevated symptom

Appel,

1980).

report to stress

The
is less

though research would suggest that the experience of

emotion

(Pennebaker,
significant

is

accompanied

1982;

1983).

increase

in

by

a

unique

Since HA
anxiety,

a

symptom cluster

subjects reported
concomitant rise

a
in

symptoms could be expected.
The
subjects
found

increases

in

anxiety

occur even though no
between

anxiety

groups

and

symptom report

for HA

significant differences were
on

actual

physiological

106

measures.
Increases in the report of anxiety in HA subjects
with no appreciable difference in physiology from LA
subjects has been found a number of times (Holroyd and
Appel, 1980;
Holroyd et al., 1978;
Montgomery, 1977).
Further,
substantial correlations between physiological
measures of anxiety and self-report have not been found
(Crabbs and Hopper, 1980;
Leboeuf, 1977;
Martin, 1961;
Rachman,
1968).
The
correlations
between
actual
physiological variables and self-report variables in this
study also confirms the lack of a substantial relationship
between physiological and psychological indices of anxiety.
This begs the question, how are HA subjects making their
assessment of mood changes?
False HR feedback studies have
shown that individuals understand the relationship between
HR and mood, and that the rating of mood may be more related
to perceived HR than actual HR (Borkovec et al., 1974;
Ehlers et al., 1988;
Fenigstein and Carver, 1978;
Kerber
and Coles, 1978;
Valins, 1966).
Other studies have shown
that good visceral perceivers show and report greater
emotional lability than poor visceral perceivers (Hantas et
al., 1982).
Correlations in this study demonstrated that
anxiety report is consistently and significantly related to
the estimation of HR for HA subjects, whereas correlations
with actual HR are modest, and correlations with other
It
could
physiological variables
are even
smaller.
therefore be suggested that mood report is made on the basis
of perceivable stimuli, which may or may not be related to
actual energetic cues.
Good visceral perceivers may make
In the presence of
mood judgements based on actual change.
subjects make
HR feedback believed to be their own,
judgements based on the most prominent cues.
Similarly,
anxiety rating was based on how fast they believed their
heart to be beating, which was a tangible cue due to the HR
tracking task.

107

The

increase in

symptom

report in HA

subjects can be

seen as a direct consequence of the increase in anxiety.

It

has

of

been

several

shown

that

requiring

emotions, results in

clusters

subjects to

the report of

for that emotion (Pennebaker,

feel one

unique symptom

1983).

Examination

of individual symptoms revealed that symptoms which produced
anxiety

group differences were in

beta-adrenergic
system

stimulation

(Harrison,

1977)

of

and

the main related to
the

sympathetic

the

nervous

characteristically

seen

in

reports of somatic anxiety (Noyes, 1982).
While

anxiety and symptom report are correlated with HR

estimation

for

interference

are

HA

subjects,

increases

not

consistently

in

correlated

physiological variables or to HR estimations.

cognitive
to

actual

This suggests

a process which works independently of actual physiology and
its perception. Cognitive interference may contribute to the
report

of anxious

mood,

since it has

consistent

characteristic

evaluative

conditions (Sarason and Sarason, 1987).

the

of

been found to

the highly

presence of task irrelevant thoughts

demands

since

competes
more

for

they

processing

difficult.

indirectly

are another

In

test anxious

Further

cognitive activity

which

task completion

cognitive interference

make HR estimation less

in

may increase task

capacity, making

this way

be a

may

accurate, by increasing

demands which draws attention from visceral stimuli.
Conclusions
The

findings of this study show that LA individuals are

more accurate in their perception of HR than HA individuals,
and

this

perception

individuals'
be

more

difficulty
anxiety

is

more

related to

actual HR.

HA

estimation of HR on the other hand, appears to

related
than
for

HA

to task
actual

stimuli and
HR.

subjects

Further
is

estimation of HR than actual HR.

more

the expectation

of

the self-report

of

correlated

with

the
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This suggests that task demand and expectation of
difficulty
in
test
anxious
may
play
a
major
role
individuals' perception of physiology and the report of
symptoms, as well as task performance.
This issue will be
examined in study four (see, Chapter 5, p.l44).
Second, the increasing inaccuracy of HR estimation as
task demands increased would seem to suggest that task
demand is the significant factor in altering the accuracy of
visceral perception in HA subjects.
Arousal however also
increased significantly over the three tasks and the degree
to which it influenced HR estimation cannot be assessed
using the current paradigm.
The role of arousal in the
perception of physiology in anxious individuals is examined
in study three which is described in the next chapter.
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CHAPTER FOUR
INTRODUCTION: STUDY THREE

The role of arousal in the experience of anxiety has
caused some controversy.
It is frequently assumed that
massive and diffuse sympathetic arousal energizes the overt
behaviours associated with anxiety.
Physiological arousal
is also believed to change the way in which information is
utilized (Easterbrook, 1959).
The role of arousal in
anxiety theory varies however with some theorists making it
the central aspect (Duffy, 1962, 1972;
Epstein, 1972;
Horvath, 1980;
Wolpe, 1978), while others give it a
peripheral role;
(Mandler, 1975;
sarason, 1975, 1978,
1984; Wine, 1971, 1980).
In most theories of test anxiety
the relationship between physiological arousal and anxiety
is not explicitly stated.
Studies which have investigated physiological arousal in
test anxiety using objective physiological measurement, have
generally found no differences between high test anxious
(HA) and low test anxious (LA) subjects (Holroyd and Appel,
1980;
Holroyd et al., 1978;
Montgomery, 1977).
In spite
of these findings, the treatment of test anxiety commonly
uses a variety of arousal-reducing techniques to assist in
the amelioration of anxiety symptomatolgy (Allen, Elias and
Zlotlow, 1980).
Pharmacological treatments have also been
used;
among
the
more
common
of
these
are
the
beta-adrenergic blocking drugs.
Beta-adrenergic blocking drugs (beta blockers) are noted
for their anxiolytic, stress inhibiting effects ( Kielholz,
1977)
with
their
primary
site
of
action
being
the
sympathetic nervous system (Brunner, 1977).
It is for this
reason there has been speculation as to their efficacy in
the
treatment
of
psychological
disorders
such
as
schizophrenic and anxiety, both of which are believed to
contain hyperarousal (Gjerde, 1983).
The beta blocker's
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role in the amelioration of the symptoms of
their site of action has created some debate.

anxiety

and

The Action of Beta-Adrenergic Blockade
There
are
two
varieties
of
adrenergic
receptors.
Alpha-adrenergic receptors mediate constriction in coronary
vessels and blood vessels in the skin;
contraction of the
sphincters in the gastrointestinal tract and the bladder;
also contraction of the
radial
muscle of
the
iris.
Beta-adrenergic receptors mediate sympathetic activity such
as the rate and force of heart muscle contraction, the tone
of the bronchial musculature, the blood supply to the
skeletal muscles, the motility of the gastrointestinal tract
and bladder tone (Harrison, 1977).
Despite increases in sympathetic activity following
their stimulation, alpha- and beta-adrenergic receptors are
not part of the sympathetic nervous system.
They are
components of the effector system, that is, those cells in
the heart and sphincters that respond to neurohormonal
transmitters (such as epinephrine) released from sympathetic
nerve endings (Harrison, 1977).
Some organs feature both
alpha and beta receptors (Adler-Graschinsky and Langer,
1975; Stjarne and Brundin, 1975).
The actions of the alpha- and beta-adrenergic receptors
differ in their effect on the release of norepinephrine from
pre-synaptic nerve endings (Stjarne and Brundin, 1975).
Stimulation of alpha receptors causes the norepinephrine to
diminish
(Brunner,
1977),
while
stimulation
of
beta
receptors causes an increase in norepinephrine.

be

Anxiety symptoms in patients with anxiety disorders can
produced
by
stimulation
of
beta
receptors
with

epinephrine

or

isoproternerol

(a

beta

stimulating

drug

-
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Breggin, 1964; Frohlich, Dustin and Page, 1969).
Alpha
blockade leads to a similar response as beta stimulation
with norepinephrine being released (Brunner, 1977).
Beta blockade, produced by beta blocker drugs such as
propranolol (inderal), competitively and reversibly blocks
beta-adrenergic receptors in the sympathetic nervous system.
They therefore act as antagonists of norepinephrine and
epinephrine as well as dopamine (Brunner, 1977).
Beta
blockade thus reduces and reverses sympathetically mediated
tachycardia and other somatic symptoms of anxiety (Noyes,
1982). Specifically, the peripheral action of beta blockade
serves
reduce
palpitation,
tremor
and sweating
to
and Turner, 1966), in addition to
(Granville-Grossman
reducing temperature (Taylor, Harrison and Turner, 1981),
increasing
diastolic blood pressure (Shand, 1974) and
decreasing respiration rate.
Though beta receptors have been found in the brain
(Alexander, Davis and Lefkowitz, 1975) the effects of beta
blockers centrally have yet to be determined (Noyes, 1982).
studies on various regions of the brain in rats, have thus
far failed to find and prove that beta blockade (oxprenolol
=
trasicor) alters the norepinephrine turnover (Brunner,
1977).
There has been speculation that beta blockade may
inhibit the noradrenergic system, responses relayed via the
locus ceruleus, thereby reducing anxiety (Redmond, 1979).
Evidence for the central action of beta blockade will be
examined later. It is however for their peripheral action
that beta blockers have become a noted anxiety treatment.
Controlled ·Beta Blocker studies in Humans
In a classic paper, Granville-Grossman and Turner (1966)
examined
the
effects
of
propranolol
on
anxiety
symptomatology in a double-blind, placebo controlled design.
The one week trial with daily doses of 80mgs, demonstrated
the
superiority of propranolol over
placebo, in the
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amelioration of physical signs of anxiety.
They found that
60% {9/15) of subjects were objectively improved.
While
acknowledging that propranolol may have central nervous
system {CNS) effects, the authors found few changes in the
psychological symptoms, emphasizing the peripheral action of
beta blockers.
There have been several other double-blind
placebo controlled studies of propranolol's anti-anxiety
effects.
Kathol, Noyes, Slymen, Crowe, Clancy and Kerber {1980)
found propranolol to be superior to placebo since it
improved anxiety symptoms in 17 of 26 subjects on a two week
trial with a daily dose of 160mgs. Results also indicated a
decrease in psychological symptoms.
This may point to the
CNS activity of the drug at higher doses.
Tanna, Pennigroth and Woolson {1977) compared two dose
levels of propranolol to placebo, in a one week trial.
The
l20mg daily dose was found to be safe and effective in the
treatment of chronic anxiety neuroses, while the 40mg dose
was found to be ineffective.
Fourteen symptoms of anxiety
neurosis were shown to be significantly decreased at week
three {on 120mgs) compared to placebo.
Only two symptoms,
There
fears and chest pains, failed to show a difference.
were no important side effects at either dosage.
Ramsey, Greer and Bagley {1973) examined two groups of
outpatients
suffering
from
anxiety
states
and
thyrotoxicosis.
Propranolol was administered at 160mgs
daily for one week and compared to placebo.
They found no
significant differences between placebo and propranolol with
respect to ratings of anxiety.
In anxiety patients, there
was a significant reduction in anxiety irrespective of the
administration of the drug or placebo.
There were no
Kellner, Collins,
placebo effects in the thyrotoxic group.
Schulman et al.
{1974) also found no effect due to
propranolol in their study.
There were, however, trends in
favour of propranolol on the ratings of anxiety symptoms.
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Other less controlled studies include Suzman (1971)
using a single-blind methodology.
Results indicated that
all patients responded to propranolol (160mgs, flexible
dosage) and 35 of 4 0 experienced relapse when placebo was
reintroduced.
In a subsequent study Suzman (1976) found
similar results with a larger sample size (n=76) also using
propranolol.
Bonn, Turner and Hicks (1972) examined the effects of
practolol, a beta blocker which crosses the blood-brain
barrier with difficulty.
Doses of 400mgs daily were used
over a two week trial.
Results showed relief from somatic
symptomatology such as palpitations and tremor.
Tyrer and Lader (1973) compared sotalol (124mgs) to
placebo.
Although therapists looked favourably on the
improvement in tremor as a result of sotalol, only 4 of 14
patients felt they had improved sufficiently to continue
taking sotalol.
In addition, observer ratings did not reach
significant differences for sotalol and placebo.
The
authors
conclude
that
sotalol
may
be
useful
as
an
anti-anxiety drug, but it is unlikely to be effective as a
sole therapeutic agent.
In general, studies which have positive results in
favour of propranolol to placebo have higher doses of the
drug,
more specific diagnostic criteria,
and separate
analyses of somatic and psychological symptomatology (Fonte
and Stevenson, 1985).
While the somatic effects of beta
blockers are clear, the effects on psychological aspects of
anxiety,
generally
associated
symptomatology, are less so.

with

the

somatic

Beta Blockade and Performance Anxiety
Beta blockade has proven to be a reasonably successful
treatment for persistent anxieties such as anxiety neurosis,
generalized anxiety and thyrotoxic anxiety. A question thus

114

arises as
to whether beta blockade will
ameliorate
the
symptomatology
associated
pervasive anxieties, and situational stress.

successfully
with
less

studies using Musicians
The peripheral action of beta blockers have made them a
popular treatment for stage fright (performance anxiety) in
musicians.
James, Pearson, Griffin and Newbury (1977)
examined the effect of oxprenolol on stage fright in string
musicians (double-blind design). They were not selected for
a history of anxiety in performance. Individuals were given
40mgs of oxprenolol, 90 minutes prior to a performance.
Assessment of symptomatology was by self-report and musical
performance by two professional musicians.
Oxprenolol
subjects showed a significant improvement in overall musical
performance.
Tremor was reduced by 30% and memory improved
slightly (5%) on the drug.
Subjective feelings of the
players reflected a greater feeling of calm and greater
satisfaction with their performance after oxprenolol.
Brantigan, Brantigan and Joseph (1978) investigated the
effect of propranolol (40mg) on the performance of keyboard
musicians, in a double-blind, crossover trial.
!1usicians,
selected for a
history of performance anxiety, benefited
from beta blockade - their performances had improved by the
end of the first section of the recital.
The authors
suggest caution in the administration of beta blockers to
musicians, because while being immensely helpful they are no
panacea since there is also a mental aspect to performance
anxiety.
In a later study, Brantigan, Brantigan and Joseph (1982)
described the effects of beta blockade and beta stimulation
again
on
stage
fright.
Beta blockade
(propranolol)
eliminated the physical impediments to performance and the
quality of musical performance was

significantly improved.
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Beta stimulating drugs (terbutaline) exacerbated feelings of
anxiety, with STAI-State scores increasing significantly.
studies using Public Speakers
Hartley,

Ungapen,

Davie

and

Spencer

(1983)

compared

propranolol (40mg) with a matched placebo tablet in its
effect on the performance of forty high and low anxious
subjects.
Subjects were required to give a brief speech
which was videotaped and later rated for signs of overt
anxiety.
Propranolol reduced the HR of both anxious and
non-anxious subjects, and decreased self-report of anxiety
(STAI assessed) in anxious subjects.
Propranolol also
reduced observed anxiety in non-verbal behaviour and in the
speech of anxious as compared to non-anxious subjects.
Sommerville, Taggart and Carruthers (1973) reported similar
improvements in self-report and public-speaking performance.
Stone, Gleser and Gottschalk (1973) administered orally
60mg of propranolol
or placebo
in divided
doses
to
twenty-four
preceding

male

undergraduates

experimental

during

procedures.

the

Propranolol

12

hours

subjects

reported significantly less anxiety in pretask measures.
A
stress interview however resulted in increases in anxiety
scores
to
comparable
levels
in
both
groups
despite
propranolol subjects having a significantly lower HR at the
end of the interview.
studies using students under Exam Stress
There have only been a couple of studies examining the
effects of beta blockade on examination performance and test
anxiety.
controlled

Brewer
design

(1972)
to

test

examination performance.

used
the

a

double-blind,

effects

of

placebo

propranolol

on

Using an unspecified number of

subjects, doses were individually tailored, increasing until
The range of doses was
HR was between 55 and 65 bpm.
betweeen 10 and 80mgs.
Results showed no impairment of
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performance due to propranolol.
In cases of severe anxiety,
examination results improved after the administration of
propranolol, particularly if cardiovascular symptoms were
prominant.
conway (1971) found that propranolol also
improved exam performance in addition to decreasing the
self-report of anxiety.
Studies using Athletes
Athletes have also been the subject of investigation in
relation to beta blockade.
Taggart and Carruthers ( 1972)
administered 40mgs of oxprenolol to racing car drives,
one hour before a race.
Tachycardia was decreased, as was
the level of plasma-free-fatty-acids and blood glucose
previously demonstrated without beta
blockers.
Beta
blockade was accompanied by no impairment of driving
performance.
Lawn bowlers were studied to find the effects of
oxprenolol in a single 40mg dose, on cardiovascular and
performance variables (Siitonen and Janne, 1977).
The
single dose eliminated the tachycardia normally associated
with competition, though the player's scores did not differ
significantly between the oxprenolol and placebo trials.
Beta blockade has also been used to successfully eliminate
the cardiovascular effects of intense emotional stress in
ski-jumping (Imhoff, Blater, Fuccella and Turri, 1969).
Studies using Experimentally-Induced Stress
Experimentally induced stress has also been used to
examine the effects of beta blockade.
Taylor, Harrison and
Turner ( 1981) used a physical stressor, holding the right
leg with the knee extended above a chair of equal height to
that on which they were sitting, to assess the effects of
80mgs of propranolol.
Heart rate and systolic blood
pressure increased due to the stressor, and was reduced to
49.9% and 8.3% of original task levels respectively by
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propranolol as compared to 61.0% and 17.4% with placebo.
Self-rating of anxiety, alertness and concentration were
unaffected by propranolol.
Nakano, Gillespie and Hollister (1978) chose subjects on
the basis of high trait anxiety and stressed them using two
performance test - mirror drawing and the Stroop Colour-word
test.
After the administration of 40mgs of propranolol, no
differences were found in state anxiety or self-report of
symptoms between drug trial and placebo.
The propranolol
did, however, significantly reduce heart rate.
Beta blockade then appears to successfully reduce HR in
subjects who are anxious and undergoing performance stress.
Its effect on self-report of anxiety however is less clear
with some studies reporting reduced ratings while in others
anxiety ratings were uneffected.
Both improvement and
impairment of performance have also been shown and this has
lead to debate as to whether beta blockade exerts some
influence via the CNS.
Central Effects of Beta Blockade
There is some evidence to suggest that beta blockers
exert an effect within the CNS (Turner, 1977).
Included
among
side-effects
reported
by patients
are
fatigue,
lethargy, depression, insomnia, vivid dreams, nightmares and
hallucinations
(Jefferson,
1974).
These
effects
are
generally seen when beta blockers are prescribed in high
doses, though fatigue and sleep disturbances can occur at
low dosage levels.
In light of this clinical evidence,
several controlled studies have attempted to investigate the
central effects of beta blockade.
Conflicting findings on
various performance measures have been found.

118

No Effect on Performance Following Beta Blockade
Turner and Hedges (1973) gave oxprenolol orally (40 and
60mgs) and intravenously (0.1 and 0.2mg/kg) in a single dose
to six healthy volunteers.
There were no significant
differences between drug groups and placebo on serial
subtraction, disc-dotting or critical flicker frequency.
Lader and Tyrer (1972) using single doses of propranolol
(120mg), sotalol (240mg) or placebo, found no evidence of
central effects on reaction time, key tapping, card sorting,
digit symbol substitution and symbol copying; or on the eeg
recordings.
Ogle and Turner ( 1974) studied eight subjects
in whom they compared the effects of single oral doses of
10, 40 and 160mgs propranolol on pursuit rotor and reaction
time. There were no significant effects of propranolol when
compared to placebo. Ogle, Turner and Markomihelakis (1976)
compared single doses of 320mgs oxprenolol and 320mgs
propranolol with single doses of lorazepam (2mgs) and
placebo in six subjects.
The beta blockade produced no
significant
change
in
performance,
lorazepam
whereas
produced a significant decrement in pursuit rotor and
reaction time tasks.
Impaired Performance Following Beta Blockade
Glaister,

Harrison

detected
and
Allnutt
(1973)
significant impairment of performance in pursuit rotor tests
undertaken 12 minutes after intravenous administration of
oxprenolol.
Dosage was 0.2mg/kg to young male volunteers.
Bryan, Efiong, Stewart-Jones and Turner (1974)
studied
hand-eye coordination and reaction time in six subjects.
Results indicated significant impairment of performance at
1.5 and 3 hours after oral administration of propranolol (40
and 80mgs) as compared with placebo.
Tettersfield and George (1976) found

Mustchin, Gribbin,
propranolol (80mgs)

reduced the
respiratory sensitivity to carbon dioxide
rebreathing in healthy volunteers.
Farhounmand, Harrison,
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Pare, Turner and Wynn (1979) found that oxprenolol (480mgs)
significantly lowered skin conductance and decreased the
number of spontaneous skin fluctuations in response to
stress.
It also impaired the critical flicker frequency and
decreased
alertness
with
in
a
concomitant
reduction
concentration.
Hartley et al. ( 1983) administered 40mgs
propranolol with a matched placebo tablet to 40 anxious and
non-anxious subjects.
In a recall test of easy and
difficult words, in which subjects were prompted by being
given the first letter of the word, propranolol appeared to
impair the recall of difficult items for anxious subjects.
Findings of studies which investigate the effects of
beta blockade on performance are largely equivocal;
some
finding impairment, others finding no effect. Beta
receptors have been found in the brain (Wamboldt and Insel,
1988).
Whether beta blockade effects performance via a
central action however has yet to be determined.
The effects of beta blockade on psychological components
of anxiety and performance is not yet clear.
Beta blockers
have however shown themselves to be effective in reducing
the sympathetically-mediated arousal which presents itself
in the somatic symptoms of anxiety.
This makes beta
blockade a useful tool in the investigation of the effects
of arousal on self-report of physical symptoms, visceral
perception and anxiety.
Beta Blockade, Mood Changes and HR Estimation
Findings in some studies of reductions in self-report of
anxiety following beta blockade appear to highlight the
necessity for the experience of actual physiological changes
to report mood changes.
As Pennebaker (1982) says "present

research
autonomic
perception
however,

indicates
changes,

that
may

(p.l01)".
which

drugs

point

also
This
to

that

induce

effectively

peripheral
affect

mood

contradicts other findings,
between
little
relationship
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self-report
1981;

and

actual

physiological change

Lightner and Pennebaker, 1981).
which improve or deteriorate
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improve
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years.
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Schandry and Specht, 1981).
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as
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a
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biases can also be seen.
of

whom hyperarousal

characteristic,

is

attentional

Hypervigilance is a common feature

the attentional priorities

of high anxious

individuals

under stress or potentially threatening conditions (Beck and
Emery,
with
1969;

1985;

Horvath, 1980;

increases in attention to

Patterson and Neufeld, 1986),
peripheral cues (Cornsweet,

Shapiro and Johnson, 1987;

Solso et al., 1969).

In
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addition, task-irrelevant cognitions during task performance
are characteristically seen in highly anxious performers
(Mandler, 1975;
Sarason, 1978, 1984;
Sarason and Sarason,
1987;
Wine, 1971, 1980, 1982).
This further directs
attention away from task cues.
It has also been suggested
that this cognitive rumination may be triggered by high
levels of autonomic activity and feelings of apprehension
(Spielberger, Anton and Bedell, 1976).
thus
appears
individuals
that
in
non-anxious
increasing arousal may necessitate a search for an external
cause,
and
in anxious
individuals may activate
task
irrelevant cognitive rumination and search for threat cues.
Under these conditions the lack of accuracy in HR estimation
results from cue competition.
A decrease in sympathetic
nervous system activity on the other hand, may lead to more
accurate perception of HR, since it does not engender such
attentional biases.
It

Aims of Study Three
The aims of this study are:
1. to examine the effect that beta blockade has on
This is
cardiovascular and other physiological variables.
to replicate previous studies, which have found that beta
blockade successfully reduces HR (see, Brewer, 1972;
Bonn,
Turner and Hicks, 1972;
Granville-Grossman and Turner,
1966;
Imhoff et al.,
1969;
Nakano,
Gillespie and,
Suzman, 1971;
Hollister, 1978;
Siitonen and Janne, 1977;
Taylor, Harrison and
1978;
Taggart and Carruthers, 1972;
Turner, 1981; Tyrer and Lader, 1973).
2. to
assess
whether
arousal
reduction
improves
the
accuracy of HR perception.
Increases in arousal presumably
bias an individuals' attention toward external cues as shown
by Schacter and Singer (1962).
Certainly it has been shown
that
increasing
arousal
can
direct
attention
toward
peripheral cues (Cornsweet, 1969;
Shapiro and Johnson,
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1987; So1so et al., 1969). This may be further exaggerated
in HA subjects with a tendency to be hypervigilant under
threat conditions (Beck and Emery, 1985).
Decreasing
arousal may permit attention to be focused on visceral
stimuli,
while
still
giving change
information
about
physiology to the subject.
3.
to examine the changes which beta blockade produces in
mood report and physical symptom report in HA subjects.
This is to test Pennebaker's ( 1982) assertion that drugs
which influence peripheral physiology, can also alter mood.
Some studies have shown that report of anxious mood
decreases in response to beta blockade (e.g., Conway, 1971;
Hartley et al., 1983;
Sommerville, Taggart and Carruthers,
1973).
The majority however have shown no such decrease in
mood
rating
(e.g.,
Fonte
and
Stevenson,
1985;
Granville-Grossman and Turner, 1966).

4.

to assess if changes in the
report of cognitive
interference
occur
as
a
result
of
beta
blockade.
Spielberger, Anton and Bedell (1976) had proposed that
cognitive rumination is triggered by increased autonomic
a
activity.
Cognitive
interference
appears
to
be
characteristic of HA individuals (Sarason and Sarason,
1987).
If increased arousal leads to increases in task
irrelevant thinking, then perhaps decreasing arousal will
see a decrease in cognitive interference during task
performance.

1.

The hypotheses concerning this study are:
there
will
be
a
significant
difference

between

propranolol and placebo subjects on HR and SRL measures

2.

across tasks;
there
will

be

a

significant

difference

between

propranolol and placebo subjects on the accuracy of HR
3.

estimation;
the HR estimation of the propranolol group will be more
related to actual HR than for the placebo group;
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4.

5.

there
will
be
difference between
a significant
propranolol and placebo subjects on measures of state
anxiety;
there
will
difference between
be
a significant
propranolol and placebo subjects on measures of symptom
report and cognitive interference.
METHOD

OVERVIEW AND DESIGN

A 2 (drug groups: propranolol and placebo) x 3 (task
difficulty levels) design was used.
HR estimation was
recorded in three task periods. Estimation was accompanied
either by no mental arithmetic, counting by two's, and
counting by seven's. Actual HR and skin resistance levels
and responses were recorded during task performance.
In
addition
posttask
self-report
measures of
cognitive
interference, physical symptoms and state anxiety were
taken.
SUBJECTS

Thirty subjects were selected from student populations
of the Canberra College of Advanced Education and the
Australian National University (ANU). Subjects consisted of
administration, health education, sports management and
nursing students. In addition some subjects were referred
from the ANU health service where they had presented for
anxiety problems. All subjects were volunteers.
Students were asked to participate in an experiment
investigating the effect of beta blockade on anxiety. They
were
informed that
only
those who characeristically
experienced large amounts of anxiety during exams and in
performance situations would be required, since this drug
was noted for its anti-anxiety effects. Further, that their
participation
in this
laboratory
programme would be
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supervised by a physician to ensure their safety at all
times.
All those interested in participating were then
given screening and anxiety questionnaires.
This experiment was supervised by a consultant physician
who examined screening questionnaires and gave approval for
participation of subjects who had some physical complaint.
Further the proposal
for
this investigation including
experimental
procedure,
selection
criteria
and
safety
measures were
submitted to
the
Ethics Board of
the
University and approved without revision.
Subject Selection

Subjects were selected using the Reactions To Tests
Questionnaire (Sarason, 1984- RTT). Previously established
experimental norms indicated that all subjects who scored
above 80 could be designated as high test anxious (HA).
In
this study only students who scored above 80 were admitted,
ensuring a HA sample.
In addition to the anxiety questionnaire, subjects were
screened to exclude those who could possibly have an adverse
reaction to beta-adrenergic blockade.
Ten males and twenty females participated in this study.
The age range was from 19 to 35 years, with the mean age of
25.6 years.
Adverse Effects of Beta Blockade and Safety Measures
The
adverse
effects
of
propranolol
and
other
beta-adrenoceptor blocking agents can be divided into three
categories:
(a) effects mediated through the central
nervous

sytem;

(b)

symptoms

of

excessive

beta

blockade;

(c) idiosyncratic reactions (Frishman et al., 1979).
The
adverse effects are summarized in Table 4.1 (see, p.l26).
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Though many side effects have been noted, these occur in
only a small percentage of patients.
Adverse effects are
generally noted when patients have been undergoing beta
blockade for a considerable length of time and are receiving
large doses.
Depression seems to be the most common side
effect, occurring in 50% of patients who have been on beta
blockers for longer than three months and whose daily dosage
exceeds 120mgs.
No adverse side effects have been noted on
single administration with moderate doses. Despite this, it
is common medical practice not to prescribe beta blocking
drugs to those patients with a history of asthma, since beta
blockade does increase airway resistance (Anath and Lin,
1986).
In view of this, the screening questionnaire (see,
Appendix C.l) sought to exclude those who were presently
asthmatic or had a history of childhood asthma. In addition
no
individual
taking medication at
the
time
of
the
experiment was permitted to participate (with the exception
of those taking the contraceptive pill).
Also any person
who had had a major physical illness or major surgery in the
year prior to the experiment was excluded.
After being selected, subjects were instructed to notify
the experimenter and not proceed with the experiment if they
became ill before
their scheduled laboratory session.
Further, if they were prescribed any form of medication in
the period leading up to the experimental session, they
should not proceed with taking the beta-blocking drug until
they had contacted the experimenter.
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Table 4.1:

Adverse Effects of Beta Blockade

SYMPTOMS

CASES

STUDIES

ADVERSE EFFECTS MEDIATED BY THE CNS
LIGHTHEADEDNESS
TIREDNESS AND DROWSINESS
INSOMNIA
VIVID DREAMS
NIGHTMARES
HALUCINATIONS
VISUAL/TACTILE
DISTURBANCES

3.1% TO
4. 3%

11/77
(AT 254MGS)
0.4% TO
2.3%

PSYCHOSIS
DELIRIUM

18
9

ORGANIC DELUSIONAL
SYNDROME
ORGANIC HALLUCINOSIS

6
3

IMPOTENCE

14%

REDUCED LIBIDO

30%

DEPRESSION

50%

(GREENBLATT &
KOCH-WESER,
1973, 1974)
(FLEMING &
DRACHMAN, 1982)
(MILLER &
RAMPLING, 1982)
(GREENBLATT &
KOCH-WESER,
1974)
REMICK ET AL.
1981)
(WHITLOCK &
BONFIELD, 1980)
(CUMMING ET AL.
1980)
(WARREN &
WARREN, 1977)
(STOECKLY,
1981)
(WAAL, 1967)

PHYSICAL COMPLICATIONS DUE TO EXCESSIVE BETA BLOCKADE
HYPOTENSION, BRACHYCARDIA

(GREENBLATT &
KOCH-WESER,
1974)
(ATSMON & BLUM,
1978)

- HYPERTENSION
COLD EXTREMETIES, ABSENT PULSE
RAYNAUDS PHENOMENON, CLAUDICATION
INCREASED AIRWAY RESISTANCE
(CAN RESULT IN PULMONARY EDEMA)
HYPOGLYCEMIA
MILD GASTROINTESTINAL EFFECTS

(ANANTH & LIN,
1986)

IDIOSYNCRATIC REACTIONS
SKIN RASH

0.4 TO 0.8%

(GREENBLATT &
KOCH-WESER,
1974)

OCULOMUCOCUTANEOUS SYDNROME

SCLEROSING PERITONITIS

- OBSERVED WITH PATIENT USING
PRACTOLOL
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APPARATUS
Physiological Recording
All subjects had their heart rate and skin resistance
monitored while engaged in task performance. A four pen,
model 79 EEG/Polygraph was used (Grass Medical Instruments,
Quincy,
Mass., U.S.A.).
Four, 10
mm silver-chloride
electrodes were used for cardiovascular and skin recording.
Electrodes for cardiovascular recordings were placed on the
ankle, on the side of the dominant hand and the wrist of the
non-dominant hand.
Electrodes for skin resistance were
placed on the second and fourth fingers of the non-dominant
hand.
Neptic
electrode
gel
(Smith
and
Nephew
Pharmaceuticals Ltd., England) was used for cardiovascular
readings. All skin resistance electrodes were applied dry.
Heart Rate Tracking
A hand-held switch was connected to the model 79
EEG/Polygraph which permitted heart rate (HR) estimations by
subjects to be recorded adjacent to actual HR.
PROCEDURE
Administration of Drugs
A double-blind design was used. The active drug, 40mg
of propranolol or matched placebo tablet (Vitamin C) were
placed in envelopes marked '0' or 'X' by the consultant
physician.
Subjects were randomly asigned to either of
these groups.
An envelope containing ·a single dose of
either drug or placebo was given to the subject prior to
their laboratory session. They were instructed to take the
tablet 90 minutes before their scheduled laboratory session.
All
subjects reported that they
complied with these
instructions.
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All

subjects

medical

were

assistance

tested in

would

be on

working hours
call at

to ensure

all times.

The

University

Health Service was notified

of the experimental

procedure,

drug dosage and selection criteria and was ready

to answer any emergency.
Laboratory Phase
The
of

procedure for this experiment is

the HR estimation task

identical to that

employed in Chapter Three

(see,

p.90)

with the single exception that the State Scale of the

STAI

(Spielberger,

Gorsuch

and

Luchene,

1976)

was

administered at pre and posttask.
RESULTS
Actual and Estimated Heart Rate
The
for
in

actual and estimated heart rate

(HR) in each task,

propranolol (PRO) and placebo (PLA)

groups can be seen

Table 4.2.

shown.

Both one minute and

five second samples are

All subjects are high anxious.

Univariate analysis of variance (ANOVA) revealed a trend
toward

a

placebo

groups on

pretask.
using

significant
The

difference

actual

mean

between

HR [F(1,29) =

actual and

propranolol and
4.05, p=0.054] at

estimated HR

was analysed

a 2 (drug groups) x 3 (task levels) repeated measures

multivariate

analysis

complete tables).

of

variance (see

Appendix C.3

for
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Table 4.2.

Mean Scores for Actual and Estimated HR for
Propranolol (PRO) and Placebo (PLA) Groups
Across Tasks

Pre task
TASK ONE
One Minute
1.
2.
3.
4.
5.
6.

PRO

PLA

68.27

78.67

ACTUAL HR

PRO

PLA

ESTIMATED HR

67.40
5.5
5.7
5.6
5.7
5.5
5.7

75.73
6.1
6.3
6.5
6. 3
6.7
6.5

55.40
4.7
4.9
5.0
4.9
4.9
4. 3

58.80
5.0
5.0
5.1
5.1
4.8
4.9

73.07
6.3
6. 3
6.1
6.3
6.1
6.3

83.53
7.2
7.3
7.1
7.0
7.3
6.9

52.30
4.9
4.5
4.8
4.5
4.7
4.3

56.67
5.3
4.7
4.7
5.0
4.7
5.3

73.07
6.3
6.1
6.2
6.3
6.2
6.4

83.13
7.3
7. 3
7.2
7.1
7.1
7.6

60.40
5.1
4.9
5.1
5.0
5.1
5.2

83.20
6.3
6.5
6.6
7.2
7.7
7.7

TASK TWO
one Minute
1.
2.
3.
4.
5.
6.
TASK THREE
One Minute
1.
2.
3.
4.
5.
6.

Note: For propranolol group n=l5;

placebo group, n=15
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MANOVA revealed consistent significant differences between
propranolol and placebo group for actual HR [F(l,28) - 7.44,
p=O.Ol].
There were no significant differences between
groups on estimated HR.
Propranolol and placebo groups
largely
estimated their hearts to be beating at the same
rate until task three when placebo subjects increased the
rate of estimation markedly.
MANOVA revealed significant
increases in actual HR [F(2,56) = 54.34, p=O.OOOl] across
tasks.
For both propranolol and placebo groups this
increase occurred between Task One and Task Two.
There was
also a significant increase in estimated HR [F(2,56) = 6.02,
p=0.004] across tasks. In this case the increases in
estimation took place between Task Two and Task Three.
Accuracy of Heart Rate Estimation
Accuracy of estimation HR was again examined in two
ways.
Separate accuracy scores were recorded for each
subject in each task by computing the absolute difference
between estimated and actual HR for each five second block.
This accuracy score then represents the mean deviation
between a
subject's estimation of HR and actual
HR
(as suggested by Pennebaker, 1981).
The mean accuracy
scores (in bpm) for propranolol and placebo groups can be
seen in Table 4.3.
Table 4.3.

Mean Deviations between Actual and Estimated HR
in BPM for Propranolol (PRO) and Placebo (PLA)
Groups
PRO

PLA

14.133
22.667
25.733

20.667
28.800
44.467

TASK:
ONE
TWO
THREE
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The mean deviations between actual and estimated HR were
analysed

using a 2 (drug groups) x

measures

MANOVA

(see

tables).

Analyses

3 (task level) repeated

Appendix

indicated

for

complete

placebo

subjects

C.4

that

misperceived their HR to a significantly greater extent than
propranolol

subjects

[F(1,28)

=

6.38,

=<0.017].

This

misperception of HR increased significantly across tasks for
both subject groups [F(2,56) = 6.67, p=0.003].

There was no

significant drugs by tasks interaction.
The

second

correlation
If
thus

analysis

of

accuracy

coefficients between

individuals misperceive their
can

perceive

HR

involved

estimated
HR by a

changes

computing

and actual HR.
constant factor,

with

any

accuracy,

correlational procedures should be sensitive to such changes
(Pennebaker,

1981).

Correlation

analyses for

propranolol

and placebo groups across tasks can be seen in Table 4.4.
Table 4.4.

Correlation Coefficients between Actual and
Estimated HR for Propranolol (PRO) and Placebo
(PLA) Groups

TASK

ONE
PRO

THREE

TWO
PLA

PRO

PLA

PRO

PLA

SAMPLES:
ONE MINUTE:

0.76 *** 0.35

0.64 *

0.35

0.68 *

0.10

FIVE SECOND:
1.
2.
3.
4.
5.
6.

*
0.83*
0.62
0.29*
0.62
0.47
0.36

*
0.74*
0.62*
0.53**
0.65***
0.76***
0.76

0.41
0.42
0.28**
0. 71
0.25
0.16

*
0.59*
0.63**
0.72*
0.51*
0.60**
0.73

0.03
0.08
0.29
0.14
0.14
0.27

* p<0.05

** p<0.01

0.25
0.12
0.28
0.31
0.25
0.35

*** p<0.001

Note: For propranolol group, n=15;

placebo group, n=15.
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Pearson correlation analyses indicated that there was no
relationship between actual and estimated HR for placebo
subjects. This is particularly evident in Task One and
Three. In Task Two the correlations are somewhat larger but
no consistent pattern emerges.
For propranolol subjects
significant
correlations
consistently
occurred
between
actual and estimated HR in all three tasks.
Skin Resistance Levels and Responses Across Tasks
Skin resistance levels (SRL- ohms), number and size of
non-specific skin resistance responses (SRR) were recorded
for each task. Mean SRL and SRR can be seen in Table 4.5.
Table 4.5.

Mean Skin Resistance Level (Ohms) and Skin
Resistance Responses for Propranolol (PRO) and
Placebo (PLA) Groups Across Tasks
PRO
(n=15)

PLA
(n=15)

Pretask SRL

617653.4

655740.0

SRL
SRR: number
SRR: size

461058.7
4.6
316.6

494302.0
5.4
413.2

SRL
SRR: number
SRR: size

350010.7
11.0
1005.7

429364.3
9.7
1352.3

SRL
SRR: number
SRR: size

333103.0
8. 4
1086.2

400647.7
7.9
968.8

TASKS:
ONE.

TWO

THREE
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Skin resistance level and response data was analysed
using a 2 (drug groups) x 3 (task levels) repeated measures
MANOVA (for complete tables, see Appendix C. 5).
There were
no significant differences between groups on either skin
resistance level or skin response measures.
overall,
propranolol subjects had lower skin resistance
levels
indicating a slightly higher level of arousal. The response
data presents a more mixed picture with no clear trend
emerging between groups.
SRL did decrease significantly
across tasks for both groups [F(2,56) = 27.84, p=O.OOOl].
The
size
and number
of non-specific
skin
resistance
responses also changed significantly across tasks for both
groups (number: [F(2,56) = 32.90, p=O.OOOl]; size: [F(2,56)
= 17.85, p=O.OOOl].
Self-Report Measures

Subjects completed the State Scale of the STAI at
pretask and posttask. In addition, at the completion of the
experiment ·subjects rated the degree to which they had
experienced
task
interfering
thoughts
(Cognitive
Interference), physical symptoms and anxiety (single scale).
Mean scores for all pre and posttask questionnaires can be
seen in Table 4.6.
Table 4.6.

Mean Scores for Pre and Posttask Questionnaires
for Propranolol (PRO) and Placebo (PLA) Groups
PRO
(n=l5)

PLA
(n=l5)

STAI-S Pretask
Post task

37.07
41.73

35.93
45.53

Cognitive
Interference

28.34

25.34

Symptom Report

23.40

27.47

Anxiety Rating

3.53

3.13
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Univariate analysis of variance revealed no differences
between propranolol and placebo groups on any pre or
posttask self-report measure.
State anxiety analysed using
repeated measures MANOVA did however increase significantly
for both groups from pretask to posttask [F(2,56) = 15.10,
p=O.OOl;
see
Appendix
C.6
for
complete
analyses].
Propranolol subjects reported more cognitive interference
during the task, while placebo subjects reported more
physical symptomatology.
Correlations
Responses

Between

Self-Report

and Actual

Physiological

Correlation coefficients between actual physiological
variables - HR (bpm), skin resistance level (SRL), number
and size of skin responses (SRR) - and total symptom report,
cognitive interference and anxiety rating can be seen in
Table 4.7.
There are virtually no significant correlations between
physiological indices and self-report measures for the
propranolol group.
For the placebo group the size of SRR
was consistently positively correlated with each of the
posttask questionnaires and for the most part, significantly
so.
HR was significantly negatively correlated with
cognitive interference levels for placebo subjects only.
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Table 4.7.

Correlation Between Actual Physiology, Symptom
Report, Cognitive Interference and Anxiety for
Propranolol (PRO) and Placebo (PLA) Groups,
Across Task Conditions

SYMPTOM
COGNITION
DRUG GROUP: PRO
PLA

PRO

ANXIETY
PLA

PRO

PLA

TASK ONE
HR ( bpm)
SRL
SRR: no.
SRR: size

-0.13
-0.33
0.31
0.22

-0.20
-0.24
-0.19
0.42

-0.31
0.37
-0.13
0.08

-0.65 **
0.10
-0.15
0.47

-0.06
-0.49
-0.01
0.36

-0.47
0.06
-0.36*
0.54

-0.14
-0.30
0.23
-0.17

-0.45
-0.26
-0.22*
0.61

-0.45
0.30
-0.15
-0.01

-0.72 **
0.11
-0.19*
0.60

-0.05
-0.47
0.26
-0.54

*
-0.56
0.01
0.09*
0.52

-0.26
-0.24
0.35
-0.27

-0.27
-0.51
-0.34
0.17
-0.09** 0.04*
0.71
0.57

-0.67 ** -0.14
-0.44
0.03
-0.31*** 0.41
0.89
-0.50

-0.29
-0.13
0.14*
0.61

TASK TWO
HR (bpm)
SRL
SRR: no.
SRR: size
TASK THREE
HR (bpm)
SRL
SRR: no.
SRR: size
* p<0.05

** p<0.01

*** p<0.001

Note: For Propranolol group, n=15;

Placebo group, n=15.

DISCUSSION
This study examined the effects of beta blockade and the
expectation of anxiety reduction on the HR estimations of HA
subjects.
was

Findings indicated that the arousal manipulation

successful in increasing arousal over

There

the three tasks.

were significant differences betweeen propranolol and

placebo subjects on actual HR, though not on skin resistance
measures.
HR

Propranolol did have an effect on the accuracy of

estimation,

significant
produced

with

greater

no drug

placebo misperceiving
degree.

Posttask

group differences,

their HR

to a

questionnaires

with propranolol

and
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placebo
groups reporting similar amounts
of anxiety,
cognitive
interference
and
physical
symptoms.
The
estimation of HR was significantly related to self-report
measures for placebo subjects, while estimation of HR was
significantly
correlated to actual HR for propranolol
subjects.
Arousal Manipulations
There were ostensibly two arousal manipulations in this
study.
The first, propranolol, reduces sympathetic nervous
system activity which can be seen in the significant
reductions in HR in the propranolol group as compared to the
placebo group. The second, task demands, increased arousal,
seen in the significant increases in HR and decreases in SRL
over the tasks.
will
be significant
The
hypotheses
that
there
differences between propranolol and placebo subjects on HR
and SRL across tasks was partially supported. There were no
drug group differences on the SRL measures though SRL did
change significantly across tasks.
The propranolol group
maintained approximately a 10 bpm difference compared to the
placebo
group, throughout the task.
The significant
decreases in HR for propranolol subjects are consistent with
those studies which show decreases in sympathetic activity
as a result of small single dose beta blockade (Brantigan et
al., 1982;
Imhoff et al., 1969; Nakano et al., 1978;
Siitonen and Janne, 1977; Taggart and Carruthers, 1972).
Both groups then had a significant increase in HR
between Tasks One and Two, though no increases occurred
between Task Two and Three.
In SRL too the largest
decreases occur between Tasks One and Two, though Task Three
does engender a further, smaller decrease. Since HR has
been found to be indicative of task demand changes (Carroll,
et al., 1986a, 1986b; Turner and Carroll, 1985), it can be
seen that the addition of mental arithmetic to HR estimation
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substantially increased task
type of arithmetic did not.

demands.

The

change

in

the

Propranolol and Accuracy of HR Estimation
There were two hypotheses which examined the effects of
beta blockade on HR estimation.
The first hypothesis
predicted that there would be a significant difference
between propranolol and placebo groups on the accuracy of HR
estimation. This was supported.
Comparison of one minute and five second samples of
actual and estimated HR show that both drug groups were not
objectively accurate in their estimation.
For the most
part, HR was underestimated, however by the end of the third
task placebo subjects had begun to overestimate their HR.
While such superficial examination of mean may lead one to
the conclusion that by Task Three placebo subjects were
becoming more accurate, the mean deviation scores between
actual and estimated HR indicate otherwise.
Placebo
subjects actually misperceived their HR to a significantly
greater degree than propranolol subjects.
Further, as task
demands increased, so too did the size of misperception in
both groups.
The second hypothesis sheds further light on this
relationship.
It was predicted that the HR estimation of
the propranolol group would be more related to actual HR
than
for
the
placebo
group.
This
was
confirmed.
Correlation analyses suggest that the HR estimations of
propranolol subjects were actually based on actual HR
stimuli, even if they were not very accurate in an objective
sense. Correlations between actual and estimated HR for the
placebo group were largely small and non-significant.
This

would

decreasing
estimation.

seem

to

support

the

proposition

that

arousal
leads
to
greater
accuracy
in
HR
Whether this is due to a different attentional
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focus
in propranolol subjects as compared to placebo
subjects is difficult to determine. It does not appear that
cognitive interference (task irrelevant thinking) was the
major factor, since the drug groups did not differ in
cognitive interference self-report.
Task Demand and Propranolol
Further evidence for a differential attentional focus
can be seen in the analysis of task demands and their effect
on HR estimation. It has been suggested that the stimulus
characteristics
of a task play a major role in the
estimation
HR
(Lightner
and
Pennebaker,
1981;
of
Pennebaker, 1981, 1982, see Chapter 3, p.80 for review). In
this
study as task demands increased, the degree of
misperception of HR also increased. Propranolol subjects
however were far less effected by task demands, since their
HR was significantly more accurate, and significantly more
related to actual HR than that of placebo subjects.
It would appear then that high anxious placebo subjects,
experiencing increases in HR, became more distracted by the
stimulus characteristics of the task. A lower initial HR
and a decrease in the beta adrenergic influences on the
heart
and other physiological systems, seems to make
subjects less prone to this distraction.
An alternative explanation could be that since subjects
generally underestimate their HR (see this chapter, p.129;
Chapter 3, p.92) the administration of propranolol simply
brings the estimation of HR and actual HR closer together.
This could then make propranolol subjects appear more
accurate, even though there were no significant differences
between drug groups on the rate of estimationin two of three
tasks.
Two factors cast doubt on this explanation. First
is the lack of increase in the rate of estimation in Task
Three for propranolol subjects. Physiologically, task two
and task three do not differ greatly in demand, though
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counting
by

by two's appears a good

seven's.

to

It is the ability

deal easier than counting
of propranolol subjects not

be "fooled" by the apparent change in difficulty level,

which

suggests it is

more than a

methodological artifact.

Second,

the correlations

suggest

that propranolol subjects were more

cardiac

activity

and

between estimated

based

their

and actual

HR

aware of their

estimations upon

this

activity rather than task demands.
Propranolol and State Anxiety

The

hypothesis

difference
measures

that

between

there

propranolol

of state anxiety at

supported.

State

anxiety

will

be

a

and

placebo

significant
gourps

pretask and posttask was
did increase

on
not

significantly for

both groups from pre to posttask.
The

controlled studies which administer

anxious

subjects are

anxiety.

Some

propranolol
al.,

divided as

suggest

that

(Conway, 1971;

1977;

Sommerville,

find no difference

groups

on

is

Hartley et al.,
and

of anxiety

Gillespie and Hollister,

Bagley,

1973;

Taylor, Harrison and

carruthers, 1973).
placebo

al., 1974;

Ramsay, Greer

Turner, 1981).

and Gottschalk (1973) significantly

Stone,

increased state

in

levels,

using a stressful interview, even though at pretask
two

anxiety.

groups
The

prop~anolol

were

most

and placebo

and

anxiety
these

propranolol

by

1983; James et

(Kellner et
1978;

state

reduced

between propranolol and

Nakano,
Gleser

effects on

anxiety

Taggart

Others

self-rating

to its

propranolol to

groups to

significantly

consistent

finding

ameliorates somatic signs of

comparable

different on
however has

for the psychological symptoms (Brewer, 1972;

Turner

and

1966;

Imhoff

Suzman,
and

1972;

et

al.,

1971, 1976;

Hicks, 1972;

Granville-Grossman
1969;

Taggart and

Tyrer and

been

anxiety, but does

little

Hicks,

state

Siitonen and

Bonn,

and Turner,
Janne, 1977;

Carruthers, 1971;

Lader, 1973) in studies

separate somatic and psychological indices of anxiety.

Turner
which
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The STAI is recognised for its measurement of the
cognitive aspects of anxiety (Crabbs and Hopper, 1980).
It
is not surprising then that no difference was found between
groups despite significant reductions in HR. State anxiety
did increase significantly from pre to posttask for both
groups.
This suggests that the task was at least to some
degree anxiety activating.
The smaller increases for the
propranolol group as compared to the placebo group may be
indicative of some slight mood modifying effect following
beta blockade.
Anderson and Pennebaker ( 1980) found
indications that autonomic arousal was related to the
intensity of painful or pleasureable experience, rather than
having the experience or not leading Pennebaker ( 1982) to
suggest that drugs which change peripheral autonomic systems
may alter mood. Beta blockade then may alter the intensity
of the anxiety experience without removing the emotion
itself. In individuals who report somatic symptomatology as
primary in their anxiety experience, the reduction in the
intensity of such symptoms is enough to substantially reduce
anxiety report,
as was
suggested by Brewer
(1971).
Individuals in which cognitive symptoms are prominent
reducing the intensity of autonomic variables does little to
alter mood.
In an effort to separate the somatic from the cognitive,
two further self-report measures were employed. The symptom
report checklist (Pennebaker, 1982) presented 14 symptoms on
seven-point rating scales, and the Cognitive Interference
Questionnaire (Sarason and Stoops, 1978) is an 11 item
scale, which seeks to determine the amount of off-task
thinking engaged in by the subject during task performance.
Propranolol and Physical Symptom Report
The hypothesis that there would be a significant
difference between propranolol and placebo groups on symptom
report was not supported.
While there were no significant
differences, placebo subjects did report more symptoms than
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propranolol subjects.
This does not concur with previous
findings which find significant reductions in the report of
the somatic signs of anxiety following propranolol and other
beta blocking agents (Bonn, Turner and Hicks, 1972;
Kathol
et al., 1980;
Ramsey, Greer and Bagley, 1973;
Tanna,
Pennigroth and Woolson, 1977;
Tyrer and Lader, 1973).
These results were obtained using higher doses ( 120mgs to
400gms) of beta blockers.
Studies using lower dose levels
( 40mgs
to 100mgs)
significantly
reduce
HR but
leave
self-report untouched (Taylor, Harrison and Turner, 1981;
Nakano, Gillespie and Hollister, 1978;
Stone, Gleser and
Gottschalk, 1973).
Propranolol and Cognitive Interference
Cognitive
Interference
has
been
found
to
be
a
predictable and consistent aspect of the mental life of
highly test anxious individuals (Mandler, 1975;
Sarason,
1978, 1984; Sarason and Sarason, 1987; Sarason and Stoops,
1976;
Wine, 1971, 1980, 1982).
It was predicted that
propranolol and placebo subjects would differ significantly
on the cognitive interference measure.
The hypothesis was
not supported.
Autonomic arousal, at least to the degree
that it is influenced by beta-adrenergic blockade, does not
appear to mediate in this cognitive process.
In fact
propranolol subjects actually reported slightly higher
levels of task irrelevant thoughts than placebo subjects.
Further, the suggestion by Spielberger et al. (1976) that
cognitive rumination is triggered by higher levels of
autonomic arousal finds little support.
Placebo subjects
had significantly higher HR than propranolol subjects, but
slightly lower rating of cognitive interference.
This
indicates a
separate process,
and suggests that beta
blockade is unlikely to be effective in amelioration of

cognitive symptomatology, thus as a sole therapeutic agent.
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Propranolol, Physiological Indices and Self-Report
To further explore the relationship between physiology
and self-report in the presence of propranolol, correlation
analyses were carried out. These analyses indicate that the
self-report measures of anxiety, symptoms or cognitive
interference
were not significantly correlated to any
physiological measure. Placebo subjects on the other hand,
tended to have significant positive correlations between
each of the self-report measures and the size of SRR. This
further reinforces the lack of connection between the
cognitive processes which produce self-report and tonic
measures of arousal.
Whether non-specific or stimulus
dependent phasic measures wil provide a more fruitful area
of examination has yet to be determined.
Conclusions
The clearest finding of this study was that 40mgs of
propranolol significantly reduces HR in anxious individuals.
HR reduction was also seen to improve the accuracy of HR
perception.
Self-report measures were little influenced by
propranolol, yet differential patterns of correlations were
found betweeen physiological variables and self-report for
propranolol and placebo subjects.
A variable which could have influenced results is the
expectation of anxiety reduction.
Neither group knew for
certain if they had received the active drug or not. This
may have prompted more cautious reporting, perhaps going
some way to nullifying differences on self-report measures.
This of course suggests that propranolol has little clear
effect on the emotion of anxiety beyond placebo, unless
cardiovascular symptoms or tremor are prominent.
The finding of improved accuracy of HR estimation would
indicate that beta-blockade makes high anxious individuals
less prone to distraction by external stimulus events. This
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would
suggest
that HA subjects who
are administered
propranolol will exhibit better performance than a placebo
group, since they are more able to concentrate on the job at
hand.
Further the degree to which propranolol subjects are
influenced by additional self and task related material
during task performance may change.
These issues are
addressed in Chapter seven.
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CHAPTER FIVE
INTRODUCTION: STUDY FOUR

The accuracy of visceral perception in test anxious
subjects was examined in Study 2.
Heart rate (HR)
estimation, accompanied by mental arithmetic, was found to
become increasingly inaccurate particularly in high test
anxious subjects, as task demands increased. While each set
of mental arithmetic was designed to progressively increase
arousal, objective measures of arousal did not differentiate
the two sets of arithmetic.
This plateau in demand is
reflected by low test anxious subjects becoming more
accurate in their HR estimations in the more "difficult" set
of mental arithmetic.
High test anxious subjects however
responded to this task by misperceiving their HR to an even
greater degree. Thus the perception of task demand may play
a role in the perception of visceral stimuli, with
"difficult" tasks making the perception and report of
internal sensations less accurate.
In Study 3, a similar paradigm was used while arousal
was decreased.
The effect of task demand on HR estimation
was
significantly
reduced
when
arousal
reduced.
Nevertheless some effect of task demand on the misperception
of HR persisted.
Therefore it would appear that the
perception and expectation of task demand effects the
performance of high test anxious subjects and that this
variable interacts with arousal which augments its effect.
The possibility that the expectation of task demand plays a
major role in the perceptions and performance of test
anxious individuals has yet to be examined.
It has however
wide ramifications for the effects of test anxiety on
performance.
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Test Anxiety and Performance
One of the most consistent findings in the research
focusing on the relationship between test anxiety and
performance has been that individuals who report high levels
of test anxiety have inferior test performance to those
persons who report low levels of test anxiety. This finding
has been shown in many differing types of tasks and is
stable across subject populations ( zatz and Chassin, 1983;
Tobias, 1980).
Early investigations examined the effects of anxiety on
intelligence and aptitude tests.
These studies found a
consistent relationship between performance deterioration on
these tasks and high levels of test anxiety (controlling for
actual
intellectual
ability
(Alpert
and Haber,
1960;
Mandler and sarason, 1952;
Sarason, 1963; 1959; 1957;
Zweibelson, 1956).
Experimental studies then attempted to
determine the environmental conditions under which test
anxiety most affected performance.
Experimental Conditions Which Influence Performance in Test
Anxiety
A wide range of tasks have been employed to investigate
the effects of test anxiety on performance.
One of the
experimental parameters most commonly manipulated has been
the level of difficulty. For example, Harleston (1962) used
the Test Anxiety Scale ( TAS) to divide a sample of 108
college students into high test anxious (HA), moderate test
anxious (MA) and low test anxious (LA), and administered
five letter anagram tasks of varying difficulty.
Harleston
(1962) found that in the easy condition the three anxiety
groups did not differ in their performance on the anagram
task.
In the difficult condition however, LA students
solved more anagrams than MA or HA students.
HA students
solved the fewest anagrams in this condition. Anagrams
varying in difficulty have been consistently shown to be
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influenced

by

Westbrook,

Wolf and

1965;

anxiety

levels (Harleston,

Badhorn, 1978;

1962;

Holroyd,

Russell and

Sarason,

Sarason, 1973; 1961).

More
sample

recently,

Rocklin

and

Thompson

(1985) using

of sixty-seven undergraduate students

students

a

found that LA

performed best on difficult verbal aptitude items,

students performed best on the easy verbal items, and HA

MA

students
(1988)

performed poorly
tested the

on

both types of

hypothesis

tests.

that HA subjects

Darke

have fewer

information processing resources to devote to task solution,
in

a

complex

and

capacity-demanding

subjects.

Using

three

varied

their

complexity

in

processing
tasks

resources.

HA

students

inferences.
than

task,

than

inferential reasoning
and

hence

do

LA

tasks which

their

demand

on

Darke (1988) found that in demanding

took

significantly

longer to

resolve

Further, HA students tended to make more errors

LA

students

though

this

difference

not

was

statistically significant.
The

observation that task difficulty is a factor in the

differential
further

performances of

replicated in

learning

(Montague,

as serial

1953),

paired-associate

learning

Ketchel,

1956), rule learning

concept

learning

complex

McFann,

(Dunn,

Spence,

Taylor

(Etaugh and Graffam,

1968)

and

Almost invariably

mental

and

1973),

arithmetic

tasks which are

easy tasks produce superior

when compared to LA subjects
King,

1956;

produce no differences between

occasionally

has been

using tasks such

Farber

1962).

and LA subjects

studies

(Spence,

(Harleston,

and

HA

not

anxiety groups, and
performance in HA

(Gaudry and Spielberger, 1971;

Heinrich, Stephenson and Spielberger, 1976;

sarason,

1975).
In

summary

variable

which

performance
compared

then,

of
to

task

difficulty

differentially
highly

their

low

test

influences

anxious

anxious

appears

to

be

the

task

individuals,

counterparts.

a

when

Another

147

significant variable which has been found to effect HA
individuals' performance is the emphasis placed on the
evaluative nature of tasks and other such stressors.
The Influence of Stress on Test Anxiety and Performance
Stress
conditions
involving
an
evaluative
or
ego-threatening component have been found to exacerbate the
decrement in performance for !lA individuals, particularly
during complex tasks. In an early study, Sarason, Mandler
and Craighill (1952)
told subjects they were either
"expected to finish" (stressor) or "not expected to finish"
(control) trials of the Digit-Symbol Subtest from the
Weschler-Bellevue Intelligence Test, when no one could
actually finish the tasks in the time permitted. There was
a significant difference between !lA and LA subjects in the
"expected to finish" condition, with HA subjects performing
more poorly than LA subjects.
Sarason ( 1961) used 197 students in introductory
psychology courses and divided this sample into !lA, MA and
LA groups on the basis of TAS scores.
Subjects were then
given threat instructions (i.e., "the ability to do anagrams
is related to intelligence and most college students should
be able to finish these anagrams") or no threat instructions
(i.e., "don't worry if you can't do these").
In no threat
conditions HA students solved significantly more anagrams
than MA and LA students.
Conversely, the threat condition
produced superior performance in LA and MA students, with HA
students solving significantly fewer anagrams.
Similar findings exist for individuals who are trait
anxious.
Dunn ( 1968) utilizing a concept learning task,
shocked subjects during the presentation of half of the
concepts which were to be learnt in the stress condition,
and omitted the shocks in the no stress condition.
The
concept learning task was graded for difficulty. High trait
anxious subjects learned significantly fewer· difficult
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concepts

than

conditions.
learned

easy
Both

ones
high

in

both

and

low

fewer difficult concepts

Tomasini

(1973)

devised

subjects

worked on 25

a

stress
trait

and non-stress

anxious

in the stress

stress

subjects
condition.

manipulation in

which

anagrams with another

individual (a

confederate) also supposedly taking the test.

Subjects were

given

15 minutes

to complete

the anagram

task.

After

7

minutes the confederate left the room having "completed" the
task.

The no

alone.

stress

condition required subjects

to work

High trait anxious individuals made fewer errors in

the no stress condition than low trait anxious subjects.
the

stress condition

however high

trait anxious

In

subjects

made more errors.
Eta ugh

and

instructions
stress

("you're

condition.

about

(1973)

not

used

negative

feedback

doing very

well") to

induce a

The no stress condition

performance.

produce

The

no

feedback

differential performance

learning
The

Graffam

between high

and low

had no feedback

condition

on easy

difficult paired-associate learning in
elicited a greater number of

and

errors

more

negative
between
with

from

feedback

high

produced

anxiety groups, in

individuals.

the no feedback

trials to criterion

trait anxious
no

not

paired-associate

trait anxious

condition

did

subjects.

The

performance

differences

either category of

difficulty,

a majority of subjects (regardless of anxiety rating),

being disturbed by the negative feedback.
Meyers
and

and Martin (1974) examined the

trait

anxiety

on

performance

and

impact of stress
state

anxiety.

Following ego-involving instructions (stress condition) high
trait

anxious

anxiety
The

which

individuals
remained

had increased

high throughout

levels of

state

task performance.

no stress condition produced no change in state anxiety

for low trait anxious individuals.
anxiety
learning

resulted
task.

in
Task

poorer

The high levels of state

performance

difficulty

has

on

the

also been

concept
found to
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effect state anxiety in high and low trait anxious subjects
during a recall test (Head and Lindsey, 1983).
In summary then, the literature appears to indicate that
stress
conditions, often consisting of
no more than
ego-involving instructions, or an emphasis on the evaluative
nature of a task, detrimentally influences the performance
of high test and trait anxious individuals.
This is
particularly seen during the performance of complex and
difficult tasks. Low test and trait anxious subjects are
not effected by these manipulations, however in the face of
negative feedback about performance, low anxious subjects
have been shown to exhibit a similar decline in performance
to high anxious subjects.
Theoretical
propositions designed
to explain
the
findings of studies examining test anxiety and performance
have highlighted cognitive factors in this process. These
factors are reviewed next.
Performance
Explanation

Deterioration

in

Test

Anxiety:

Theoretical

Sarason (1978) has hypothesized that there are primarily
two types of thoughts which lead to the deterioration of
task performance seen in HA subjects. According to this
view, these individuals first expect that the task will be
extremely difficult and thus overestimate its difficulty,
and second, they expect that they are personally inadequate
and thus underestimate their ability to cope with the
demands of the task. These expectations lead to a further
expectation;
that of failure.
Sarason (1984) believes
these expectations lead to task irrelevant thinking during
task
performance.
Thus,
HA
individuals become more
preoccupied with how poorly they are performing, how others
are performing and what examiners and significant others,
may think of them. These task irrelevant thoughts interfere
with performance by reducing the amount of information
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processing capacity given to the task (Wine, 1980; 1982) and
lead

to the

poor performance

often seen in the literature.
view,
the

HA subjects

so

According to Sarason's (1984)

the more stressful the testing situation, the greater
occurrence

difficult

of

the

performance
the

results for

interfering

task,

thoughts;

the greater

deterioration.

and

the

the probability

Presumably

the more

task, the greater the probability

more

then of

difficult

that the expectation

of extreme difficulty will influence task performance.
Expectation, Task Difficulty and Anxiety
The

role of expectation of task difficulty in producing

performance

deterioration

interference

in HA

experimental
Pennebaker

subjects has

investigations.
(1980) however,

expectation

and

cognitive

increased

the subject

not been
A

study

by

which examined

of

Anderson

and

the effects

of

on the report of physical sensations, serves to

highlight the importance of this variable.
These
expectation
sitmulus.
or

investigated

and

on

arousal

the

effects

perception of

of

a neutral

task demands of

a mental arithmetic

task.

were then told they would experience a pleasurable

painful

manipulation
arousal,

vibrating
was

arousal

stimulus.

successful
was

While

in

unrelated to

arousal
perceived

the perception

stimulus.

Subjects in the

it

stinging,

burning

a

the

manipulating

vibrating
as

the

In their experiment arousal was manipulated (high

low) by the

Subjects
or

researchers

of the

pain group, described

sensation;

subjects

in the

pleasure group, as a tingling sensation and control subjects
gave

a

simple

connatation.
condition
feel
the

description

with

no positive

Further, posttask interviews found

subjects did not believe that

neutral

could

stimuli may be

expectation.

hurt.

This

that pain

the stimulus could

good, and pleasure condition subjects
sensation

or negative

did not believe

study demonstrates

that

variously perceived depending

upon

While arousal was unrelated to the perception
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of

the stimulus, examination of

high

arousal

stimulus

conditions,

as more

the data revealed that

subjects

pleasurable

tended

to

or more painful

rate

in
the

than in low

arousal conditions.
While

the Anderson and Pennebaker (1980) study makes no

specific

reference

expectation

of

to

anxiety, it

difficulty

performance

but

also

experiences.

It could

may
the

be

does suggest

not

only

that the

influence

self-report

of

argued that for

task

subjective

HA subjects the

expectation

of difficulty may exert a

performance

and self-report measures since it activates the

overestimation
(1978).
In a
efects

of

Heinrich
of

of

task

review

test

and

greater influence on

difficulty

proposed

of the literature
trait

anxiety

by

Sarason

investigating the

on

complex learning,

and Spielberger (1982) concluded

that the effects

stress and task difficulty on performance are the result

of heightened state anxiety.

Another factor therefore which

may

expectation in HA subjects

influence the effect of

is

arousal.
Anderson
trend

toward

arousal
been

and Pennebaker (1980)
stronger

conditions.

found between

physiological
Holroyd

not

While
high

variables

et al., 1978;

stimulus
found

ratings

found that there

of

and low test

Montgomery,

high

generally have

anxious subjects on

Holroyd

and

Appel,

1980;

1977). Task difficulty,

characteristics and behaviour have

certainly been

to affect physiological responding. These effects are
in the

magnitude of

Duncan-Johnson,

1975;

Lacey,

Higgins,

Tursky, Schwartz

and

sensations under

no differences

(see,

was a

only

seen
1971;

Clifton, 1966)

but also

B.

responses (Coles
and

Lacey,

J.,

and Cride, 1970;

in the

pattern of

and
1974;

Graham
responses

(Lacey, J., 1967; 1959).
Cardiac
sensitive

activity

in

particular has

been found

to be

to variations in task difficulty levels (Carroll,

Turner and Hellawell, 1986a;

Carroll et al., 1986b;

Turner
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and

Carroll; 1985).

that

cardiac

challenging
energy

In addition several studies have found

changes

tasks

are

expenditure

Carroll,

in

1985a;

response

to

psychologically

seemingly excessive

(Langer
Turner,

et

al.,

Carroll

for levels

1985;

and

Turner

Courtney,

of
and

1983;

Gliner, Burnell and Horvath, 1982).
It

could then

activity

HA

argued that the

in response

largely
Appel,

be

to

increase in cardiac

actual task difficulty

equivalent in HA and LA subjects
1980), interacts with the

subjects

decreases

to

in

produce

- see Holroyd and

difficulty expectation in

increases

performance,

(which is

in

while

self-report

leaving

LA

and

subjects

uneffected.
Aims of Study Four
In

this

difficulty
actual

experiment

will

task

be

manipulated

difficulty

performance

and

symptomatology,

subjects'

on

expectations

to

assess the

and perceived
the

rumination

task

effect of

task difficulty

self-report

cognitive

of

on

of

physical

and

anxiety.

The aims of this study are as follows:
1.

To

examine

difficulty

on

the

effect

the

of

performance

actual

and

expected task

of

and

LA

HA

subjects.

Previous findings suggest that HA subjects will perform at a
similar

level

to

LA subjects

in an

easy task,

but show

significantly

poorer performance in a difficult task (e.g.,

Darke,

Harleston, 1962;

1988;

Similar

results are expected in study Four.

proposed

that

subjects

in

extreme
this

Sarason, 1975; 1973; 1961).

this

deterioration

complex

tasks is

task difficulty.

proposition,

thus

sarason (1978)

in

performance for

HA

due to

the expectation

of

No empirical
this study

evidence exists for

seeks to

effect of expectation on task performance.

evaluate the
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2.

This study also sought to assess the influence of actual

and expected task difficulty on cognitive interference in HA
subjects.

Sarason

content

common

(1984)

to

overestimation

of

test

postulates
anxious

difficulty)

This

conditions

of threat or stress.

the cognitive

individuals

leads

thinking.
of

cognitive

that
to

(i.e.,

task

interference,

the

irrelevant

increases

under

An assessment of the level

cognitive interference in conditions in which tasks were

expected

to

be

difficult

is

required

test

to

this

proposition.
3.

To

assess

difficulty
in

the

influence of

actual and

expected task

on report of physical symptomatology and anxiety

HA subjects.

Anderson and Pennebaker

subjects

reported

dependent

upon

established

a

stimulus as

their

(1980) found that

painful or

expectation.

through instructions.

pleasureable

Expectation

The expectation

was

of task

difficulty may operate in a similar fashion, to heighten the
report of symptoms and anxiety in those tasks expected to be
difficult irrespective of actual difficulty.
4.

To

examine the

difficulty
(1986a,

on

influence

physiological

of actual and
measures.

1986b) and Turner and Carroll

expected task

Carroll

et

al.

(1985) found cardiac

activity to be sensitive to task difficulty levels, and that
these

cardiac changes

are

excessive for levels

expenditure (e.g., Turner et al., 1983).
however

whether these changes are in

expected

A question remains

response to actual or

difficulty levels, and whether HA

differ

in

their

physiological

of energy

and LA subjects

responses

to

expected

difficulty.
The hypotheses concerning this study therefore are:
1. there
LA

will be a significant difference

subjects for performance

are hard.

betweeen HA and

on anagrams when

anagrams
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2. expectation of task difficulty will significantly effect
task
subject's
performance
regardless
of actual
difficulty.
3. expectation of hard anagrams will effect HA subject's
performance significantly more than LA subjects.
4. there will be significant differences between HA and LA
subjects on all self-report measures.
5. there will be elevated levels of self-report for HA
subjects when anagrams are actually hard compared to the
actually easy condition.
6. expectation of increased task difficulty will lead to
increasesd self-report for HA subjects when compared to
7.

8.
9.

10.

LA subjects.
physiological indices will show changes consistent with
increased energy expenditure (arousal) when the actual
difficulty of the task increases.
there will be no differences between HA and LA subjects
on tonic physiological indices.
expectation of increases in task difficulty will produce
changes
in physiological
indices consistent
with
increased energy expenditure (arousal).
changes in heart rate and skin resistance levels will be

related to actual task difficulty.
11. changes in heart rate and skin resistance levels will be
significantly different for HA and LA subjects.

METHOD
OVERVIEW AND DESIGN
A 2 (anxiety groups) x 2 (actual difficulty) x 2
(expected difficulty) repeated measures design was used, in
which anxiety and actual difficulty were between-subject
factors
and expected difficulty was a within-subjects
factor.
Subjects attempted to complete two lists of 60,
five and six letter anagrams. For the first list, they were
instructed that anagrams were easy; for the second list the
instruction was that anagrams were hard. Actual difficulty
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was

manipulated

by

presenting

instruction

in only

evaluations

of cognitive

anxiety

were

anagrams

fifty percent

made.

of subjects.

interference,
and

HR

consistent

with

Posttask

symptom report and

electrodermal activity

were

monitored during task performance.
SUBJECTS

The
were

sixty subjects who participated

the same sample group used

in this experiment

in the previous experiment

(see Chapter 3, p.88 for selection details).
APPARATUS

Task Materials
One

hundred and twenty, five and

six letter words were

chosen to form the two, 60 word anagram lists (see, Appendix
words were chosen on the

D .1) •

rating.
and

a

A mean rating of 2.5 or below for unfamiliar words
mean

(Gilhooly
1975).
and

rating

of

4.5

and Logie, 1980;

or

above for

Brinley,

used to differentiate

easy

reasoned that unfamiliar words

be more difficult to solve

words would prove to be easy.
unfamiliar

familiar words

Stratton, Jacobs and

Familiarity rating was

hard words since it was

would

basis of their familiarity

as anagrams, and familiar

Pilot testing of familiar and

word anagrams showed performance

the two lists (Hard n=20, M=4.36;

differences on

Easy n=20, M=l6.74).

Physiological Recording
Heart Rate (HR) and Skin Resistance Levels and Responses
(SRL,

SRR) were monitored during task

pen,

Model

Instruments,

79

EEG/Polygraph

was

Quincy, Mass. USA).

performance.
used

(Grass

A four
Medical

Four lOmm silver-chloride

electrodes were used for cardiovascular and skin recordings.
Electrodes
ankle

for cardiovascular recordings were placed on the

on the side

of the dominant

hand, and the

wrist of
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non-dominant

hand.

Pharmaceuticals
recording.

Neptic electrode gel

Ltd, England)

was

(Smith and Nephew

used for cardiovascular

All skin resistance electrodes were applied dry

to the second and fourth fingers of the non-dominant hand.
PROCEDURE
All
the

subjects were tested individually.

experiment which was 'to

while

solving

easy

and

The purpose of

examine physiological changes

hard

anagrams'

was

this electrodes for physiological

Following

explained.

recording were

attached.
Subjects were randomly assigned to either a congruent or
an incongruent group.
in

The congruent group received anagrams

which the actual task difficulty

task

difficulty

received
the

were

the

same.

and the instruction of
The

incongruent

anagrams of actual difficulty which

instruction (i.e. the anagrams were

subjects

were told they

manipulated

three

were easy).

independent

group

did not match

actually hard, but

This

variables,

study therefore
namely

anxiety

type, actual task difficulty and expected task difficulty.
In
they

the first part of the
would be

subjects
5

receiving easy

task subjects were instructed
anagrams. Only

actually received the easy set.

one half

of

Subjects then had

minutes to complete as many as they could or all of them.

If

they finished before the

inform

5 minutes was up,

the experimenter as soon as

they should

they were finished.

No

subject completed all 60 anagrams.
The
with

the

second part of the task was
exception

receive hard anagrams.

that

subjects

identical to the first
were

told

they would

Again, only one half of the subjects

received the actually hard anagrams.

157

Following each set of anagrams subjects were required to
complete

posttask

cognitive

questionnaires.

These

scales

examined

interference levels, the degree to which physical

symptomatology was experienced and level of state anxiety.

RESULTS
Performance on Anagrams
mean

The
solved

number

of anagrams

correctly

attempted and

for all task difficulty conditions

in the high test

anxious (HA) and low test anxious (LA) subject groups can be
seen in Table 5.1.
Table 5.1:

Mean Number of Attempted and Correctly Solved
Anagrams Across Task Difficulty Conditions for
HA and LA Subjects
Group Two
Hard
Easy
Easy
Hard

Group One
Easy
Hard
Hard
Easy

Difficulty: Actual
Expected

Number of Anagrams Attempted
HA
LA

13.27
21.67

2.73
6.07

4.13
4.73

12.07
16.07

Number of Anagrams Solved
HA
LA

11.67
19.07

The

mean

anagrams

were

(actual
MANOVA

multivariate

attempted
using

x

2

(expected

analysis

number

p=O.OOl]

of

between

and correctly

2

repeated

(for complete

Repeated measures MANOVA
revealed

groups

[F(1,56)

significant

= 13.44,

attempting more anagrams

conditions.

solved

groups) x

difficulty)

of variance

attempted

anxiety

with LA subjects

difficulty

examining

anagrams

1. 73
3.47

8.93
13.27

2 (anxiety

a

tables see Appendix D.2).

differences
task

of

analysed

difficulty)

measures
of

numbers

1. 93
4.27

Within

the effect of expectation on

subject

in all
analyses

performance found a
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significant

effect due

p=0.0001].

Further,

with

to instruction
expectation

actual task difficulty

[F(1,56) =

218.57,

interacted significantly

[F(1,56) = 4.78,

p=0.033] and

with anxiety [F(1,56) = 7.80, p=0.007].

This indicates that

when

subjects

expected

significantly
anagrams

difficulty
fewer

hard,

was

anagrams

than

when

attempted
expected

they

to be easy even though actual difficulty was easy.

Similarly

subjects attempted

anagrams

significantly

more when told

would be easy even though they were actually hard.

Though

anxiety

attempted

differences

fewer anagrams

decrements

revealed

that

overall, LA

in performance due

HA

subjects

subjects had

to expected changes

larger
than HA

subjects.
Similar

results appear in analyses

anagrams.

Repeated

differences

measures

between

p=O.OOl].

MANOVA produced

anxiety

Within subject

groups

analyses

due to expectation [F(1,56) =

again

significant
=

7.50,

expectation
p=0.008].

=

[F(l,56)

12.46,

220.06, p=O.OOOl] and

and
HA

significant

revealed a significant

effect
[F(1,56)

of correctly solved

anxiety
subjects

interaction
solved

fewer

anagrams overall than LA subjects, but again LA subjects had
largest decrements in performance due to expectation.
was

also

a

interaction
were

significant

expectation,

[F(1,56) = 7.24, p=0.009].

actual

There

difficulty

While easy anagrams

solved more successfully when they were expected to be
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Table 5.2: Mean Cognitive Interference Ratings by HA and LA
Subjects for All Task Difficulty Conditions

Difficulty: Actual
Expected
HA
LA

Group One
Easy
Hard
Easy
Hard
30.400
24.000

31.867
26.600

Group
Hard
Easy
23.067
17.933

T\~O

Easy
Hard
31.467
24.867

All self-report data (cognitive interference, symptom
report and anxiety) was analysed using a 2 (anxiety groups)
x 2 (actual di ffi cul ty) x 2 (expected difficulty) repeated
measures multivariate analysis of variance design (see
Appendix D.3 to D.5 for complete tables). Repeated measures
MANOVA
revealed
significant
anxiety
group
differences
[F(1,56) = 12.74, p=0.001] with HA subjects reporting more
task interfering thoughts than LA subjects. Within-subjects
analysis found a significant effect due to expectation
[F(1,56) = 51.13, p=0.0001]. Since the expectation, anxiety
interaction was not significant, all subjects' self-report
of cognitive interference was affected by expectation.
Subjects in both anxiety groups reported fewer interfering
thoughts when anagrams were expected to be easy and more in
the expected "hard" condition.
Further,
there was a
significant
expectation,
task
difficulty
interaction
[F(l,56) = 17.24, p=O.OOOl].
The change in self-report
produced by expectation when anagrams were actually easy was
small. When actual difficulty was hard however, subjects in
both anxiety groups reported significantly more interfering
thoughts in the expected hard condition than in the expected
easy condition.
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Symptom Report
The mean scores for the self-report of physical symptoms
by HA and LA subjects following each task difficulty
condition can be seen in Table 5.3.
Table 5.3: Mean Symptom Report Ratings for Task Difficulty
Conditions by HA and LA Subjects

Difficulty: Actual
Expected
HA
LA

Group
Easy
Easy
25.53
20.73

one~-

---Group~wo

Hard
Hard

Hard
Easy

Easy
Hard

26.00
21.53

22.73
17.40

27.07
17.47

Repeated measures MANOVA of self-report of physical
symptomatology revealed a significant difference between HA
and LA subjects [F(1,56) = 8.26, p=0.006] with HA subjects
consistently reporting more symptoms than LA subjects.
There was no
significant effect due
to actual
task
difficulty.
Within subject analyses found a significant
effect for expectation [F(l,56) = 13.32, p=O.OOl], and a
significant interaction between expectation and anxiety
[F(l,56) = 6.42, p=O.Ol4].
HA subjects reported fewer
symptoms when anagrams were expected to be easy and more
when anagrams were expected to be hard.
There was also a
significant expectation,
actual difficulty and anxiety
interaction [F(l,56) = 8.77, p=0.004] brought about by LA
subjects reporting fewer symptoms when actual easy anagrams
were expected to be hard, and more symptoms when actual hard
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anagrams were expected to be hard.
HA subjects reported
more symptoms when anagrams were expected to be hard,
irrespective of actual difficulty of anagrams.
Anxiety Rating
The mean scores for anxiety groups on the self rating of
anxiety following all task difficulty conditions can be seen
in Table 5.4.
Table 5.4:

Mean Anxiety Rating Across Difficulty Conditions
for HA and LA Subjects

Difficulty: Actual
Expected
HA
LA

Group One
Easy
Hard
Easy
Hard

Group Two
Hard
Easy
Easy
Hard

3. 3 3
2.87

3.07
2.47

3.47
2.60

4.07
2.67

Repeated measures MANOVA between subjects analysis found
no effect due to actual task difficulty.
There was a
significant difference betweeen anxiety groups [ F ( 1, 56)
3.97, p=O.OS] with HA subjects reporting higher levels of
anxiety in all task difficulty conditions.
Within subjects
analysis found a significant effect for expectation on
anxiety rating [F(1,56) = 5.08, p=0.028].
Further, the
significant interaction between expectation and anxiety
2

[F(l,56) = 6.42, p=0.014] reflects
anxiety rating when anagrams were

HA subjects
expected to

increased
be hard,

162

irrespective
of
actual
difficulty.
A
significant
expectation, actual difficulty interaction [F(1,56) = 7.93,
p=0.007]
confirms that subjects overall
reported more
anxiety in expected hard conditions when the task was
actually easy, than when it was hard.
Actual Physiological Responses and Task Difficulty

The mean heart rate (HR), skin resistance levels (SRL)
and size and number of skin resistance responses (SRR) in
each task difficulty condition (averaged over five minutes)
for HA and LA subjects can be seen in Table 5.5.
Table 5.5: Mean Physiological Responses in Each Task
Difficulty Condition for HA and LA Subjects

Difficulty: Actual
Expected
HA
LA

Easy
Easy

Group One
Hard
Hard

Heart Rate (BPM)
83.02
85.56
79.51
83.33

83.89
81.89

HA
LA

453542.2
452892.8

Group Two
Hard
Easy
Hard
Easy
83.33
82.69

SLR (Ohms)
428207.8 375468.0
451493.9 327343.3

375355.3
327351.1

Number
6.00
5. 71

5.00
5.51

HA
LA

6.73
5.51

SRR
6.20
5.07

HA
LA

1118.13
1290.12

SRR
1377.27
1172.37

Size (Ohms)
1249.11
1008.13
1110.30
1142.36

All physiological data was analysed using a 2 (anxiety
groups)
repeated

x

2

(actual

measures

difficulty)

multivariate

x

2

(expected difficulty)

analysis

of

variance

complete MANOVA tables, see Appendix D.6 to D.8).

(for

Analysis
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of
HR
measures
(repeated
measures
MANOVA}
found
no
significance between subjects effects for actual difficulty
or for anxiety.
Within subjects analyses produced a
significant
effect
for
expectation
[F(1,56}
= 31.97,
p=O.OOl] reflecting decreases in HR when anagrams were
expected to be hard.
There was also a significant
expectation by actual difficulty by anxiety interaction
[F(l,56} = 8.17, p=0.006].
While the expectation of easy
anagrams produced small differences between HA and LA
subjects in both actual easy and hard conditions, the
expectation of hard anagrams that were actually hard
elicited larger differences between HA and LA subjects than
when easy anagrams were expected to be hard.
The skin resistance variables generally produced no
signficant effects due to anxiety, expectation or actual
task difficulty.
The single exception to this was the
number of non-specific skin resistance responses which
produced a significant expectation effect [F(l,56} = 6.61,
p=O.Ol3]
reflecting fewer responses when anagrams were
expected to be hard than when they were expected to be easy.
Change in Physiological Levels in Response to Task Demand
Heart Rate Changes
Table 5.6 presents mean HR changes in the first two
minutes of the task and the final two minutes of the task
for each task difficulty condition and both anxiety groups.
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Table 5.6: Mean HR Changes in the First and Second Parts of
Each Task for HA and LA Subjects

Difficulty: Actual
Expected

Group One
Easy
Hard
Easy
Hard

Group Two
Hard
Easy
Hard
Easy

HA
LA

0.467
-0.933

Flrst Two Mlnutes
1. 533
2.467
0.133
1.800

1. 467
0.533

HA
LA

0.733
-0.067

Final Two Minutes
0.800
-0.267
-1.333
0.000

0.467
2.000

Note: Positive change indicates acceleration;
change indicates deceleration.

negative

Repeated measures MANOVA found that in the first part of
the
task,
actual
difficulty
effected
the
amount
of
acceleration in HR [F(l,56) ~ 6.18, p=0.016] with actual
hard anagrams producing greater HR acceleration.
Anxiety
also significantly effected HR [F(1,56) = 4.66, p=0.035]
with HA subjects having greater amounts of acceleration in
all task conditions.
In the first half of the task there
was no effect due to expectation on HR.
The final two minutes of the task produced no main
effects for actual difficulty or anxiety, but a significant
actual difficulty by anxiety interaction [F(1,56) = 5.60,
p=0.021].
LA subjects responded with more HR change in the
easy condition than in the hard condition.
Skin Resistance Level Changes
Table 5. 7 presents mean skin resistance level changes
(Ohms) in the first two minutes of the task and the final
two minutes of the task for each task difficulty condition
and both anxiety groups.
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Table 5.7:

Mean Skin Resistance Level Changes in the First
and Second parts of Each Task for HA and LA
Subjects

Difficulty: Actual
Expected

Group One
Hard
Easy
Hard
Easy

Group Two
Easy
Hard
Hard
Easy

F1rst Two M1nutes

HA
LA

38283.3
46263.3

HA
LA

30340.0
23311.6

33080.0
61305.0

84466.6
32076.6

75429.3
51890.0

Final Two Minutes
4023.3
17411.6

7070.6
17796.6

75007.3
17173.3

Note: Positive change indicates increases in resistance;
negative change indicates decreases in resistance.
Repeated measures MANOVA revealed no main effects due to
anxiety, expectation or actual task difficulty on skin
resistance level changes.
Data indicate that there were
smaller changes in the final two minutes of the task than in
the first two minutes.

DISCUSSION
This study examined the effects of actual
task
difficulty,
expectation of difficulty and anxiety on
performance, self-report and physiology. As predicted, there
were anxiety group differences on performance variables and
self-report
of
cognitive
interference,
physical
symptomatology and anxiety.
Expectation also significantly
effected performance, self-report and heart rate.
Further,
anxiety and expectation often interacted, indicating that HA
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and LA subjects were differentially affected by expectation
of task difficulty.
This is a consistent finding for the
majority of self-report variables and all performance
variables.
Of the physiological variables, HR was the only
one to be affected by the experimental manipulations.
Anxiety and actual task difficulty influenced both mean HR
( bpms) and HR change scores, while expectation influenced
mean HR only.
Performance on Anagrams : Effects of Actual Difficulty
The hypothesis that there would be anxiety differences
in the difficult section of the task was confirmed.
Performance on the easy section of the task was not expected
to be different for HA and LA subjects.
Contrary to this,
HA subjects attempted and solved fewer anagrams regardless
of task condition.
It has been a robust finding that difficult tasks
produce performance decrements in those individuals who are
characteristically
anxious,
when
compared
to
their
non-anxious counterparts (e.g. Darke, 1988;
Dunn, 1968;
Etaugh and Graffam, 1973; Harleston, 1962; Holroyd et al.,
1978; Russell and Sarason, 1965).
In easy task conditions
anxiety groups have generally not differed (Darke, 1988;
Har1eston,
1962),
though
occasionally
high
anxious
individuals show superior performance on easy tasks when
compared to low anxious individuals (Gaudry and Spielberger,
1971;
King, Heinrich, Stephenson and Spielberger, 1976;
Sarason, 1975).
At variance with these findings are those
which show performance decrements at all levels of task
difficulty for HA subjects. Rocklin and Thompson (1985) for
example, found that moderately anxious subjects performed
better on easy verbal aptitude items than HA subjects and LA
subjects performed more successfully than both these groups
on difficult items.
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A second hypothesis that expectation of task difficulty
will significantly effect HA subject performance to a
greater
degree than LA subjects' performance was not
supported.
Though analyses revealed a significant anxiety
by expectation interaction, it was the LA group which had a
greater decline in performance in response to increased
difficulty expectation, when anagrams were actually easy.
While this result is initially confusing inspection of the
means
reveals that LA subjects
attempted and solved
significantly more when easy anagrams were expected to be
easy.
HA subjects had solved significantly fewer in
expected easy task condition and thus when the expectation
was for hard anagrams their performance could not decrease
to the degree seen in LA subjects. HA subjects solved fewer
anagrams than LA subjects overall.
Sarason (1978) proposed that overestimation of expected
task difficulty was one of the major cognitive factors in
test anxiety, and its subsequent effect upon performance.
In this study it was assumed that the exaggerated task
difficulty expectation would only be activated when HA
subjects believed a difficult, though not impossible, task
was about to be set before them.
This explanation was
consistent with findings which suggested that it is only in
complex tasks and particularly under stress conditions that
significant performance deterioration is seen in HA subjects
(Heinrich and Spielberger, 1982).
The data in this study
suggest however that the extreme task difficulty expectation
may have been present throughout task performance, and
irrespective of instruction condition.
Another explanation may be that the insfructions of
expected
difficulty acted in a similar way to other
stressors such as ego-involving instructions, threat or
electric shocks. Thus instructing subjects on how difficult
the anagrams were, became ego-involving since it established
a subjective criterion for successful performance; i.e., in
the easy condition, subjects may have believed that a
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greater number of anagrams should be solved than in the hard
condition.
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to
be
hard.
Similarly,
the
ratings
of
physical
symptomatology of HA subjects responded to increased task
difficulty with higher scores.
Cognitive interference was
effected by expectation, however there was no anxiety
interaction despite significant anxiety group differences.
This indicates that both HA and LA subjects had increased
levels of task interfering thoughts during the parts of the
task which they expected to be difficult.
Sarason ( 1984)
proposed that task irrelevant thinking was a consequence of
the types of thoughts which HA individuals typically have.
Thus,
expectation of a difficult task would engender
concerns about the task, the self and others.
Cognitive
interference was expected to elevate in HA subjects as a
consequence of this process.
HA and LA subjects did have
significantly different levels of cognitive interference,
however HA subjects did not have the significant increase in
this variable in the condition in which they expected the
task to be difficult, as was predicted.
Instead both
anxiety groups had increased report in the hard condition,
suggesting that LA and HA subjects were influenced by
expectation.
This finding may further indicate that the
exaggeration of task difficulty may have been activated in
the easy condition for HA subjects, and did not change
significantly when the task was expected to be difficult.
Manipulating the expectation of task difficulty can
substantially effect self-report measures, regardless of the
actual difficulty of the task.
This effect appears to be
similar to the one described by Anderson and Pennebaker
(1980) in which the instruction about a neutral stimulus
produced expectation about that stimulus in subjects.
Subjects could therefore not perceive the sensation as
anything other than one described to them before beginning
the task.
In the same way, expectation of task difficulty
changed the perception of the task and effected both
performance and self-report of anxiety symptoms.
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Actual Physiological Responses, Anxiety and Expectation
There
were
three
hypotheses
concerning
actual
physiological responses. First, that tonic physiological
indices will show changes consistent with increased energy
expenditure
when the actual
difficulty of the
task
increases.
Second, that expectation of increases in task
difficulty will produce changes in physiological indices
consistent with increased energy expenditure (arousal).
Third, that there will be no differences between HA and LA
subjects on physiological indices.
Energy expenditure did not increase in response to
actual task difficulty on any of the physiological indices
of HR, skin resistance level or number and size of skin
resistance responses. This lack of difference is surprising
since cardiac activity at least has shown it is sensitive to
task difficulty (Carroll et al., 1986a; Caroll et al.,
1986b; Turner and Carroll, 1985).
Some differences were however found to be related to
expectation.
effected by
HR (bpm) was significantly
expectation with decreases in HR when anagrams were expected
to be hard.
The number of non-specific skin resistance
responses also decreased when subjects expected anagrams to
be difficult. This is contrary to what one might anticipate
since self-report levels rise in response to difficult
expectations
and performance
levels drop.
Therefore
concomitant elevations in energy expenditure in response to
expectations of increased difficulty could be predicted.
Decreases in HR and SRR may reflect compensatory adjustments
for expectation, attempts at coping, or adjustment in
attention set (Lacey, 1967). Lacey (1967) has suggested
that deceleration is associated with attention to the
external environment and a readiness to detect and respond
to environmental events, while acceleration is associated
with internal associative processing and a reduction in
sensitivity and readiness.
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There were also no anxiety group differences on tonic
measures of physiological arousal.
This lends further
support to the proposition by Holroyd and Appel (1980) that
there is little relationship between test anxiety and
physiological arousal.
Physiological Change, Anxiety and Expectation
The hypothesis that changes in HR and SRL would be
related to actual task difficulty was confirmed for HR only.
HR change monitored in the first two minutes of the task
found the actually hard anagrams produced greater HR
acceleration.
In the final two minutes of the task there
was no task difficulty main effect. Changes in SRL were not
related to any of the independent variables in this study.
A second hypothesis that there would be significant
differences between HA and LA subjects on changes in HR and
SRL, was again only supported by the HR data. In the first
two minutes of the task HA subjects generally had greater HR
acceleration in response to task demand than LA subjects. In
the final two minutes of the task, there was no anxiety main
effect, however a significant actual task difficulty by
anxiety interaction indicated that LA subjects had more
change in HR in response to easy anagrams than to hard
anagrams.
Taken together, these data indicate that change scores
for physiological indices, particularly HR, may be more
sensitive
to
overall
task demands
and dispositional
characteristics such as anxiety.
Holroyd et al. (1978)
certainly found that HR variability differentiated HA and LA
subjects, and Montgomery ( 1977) found wave-form components
in the cardiac cycle sensitive to anxiety and failure. Thus
the assumption that hyperarousal per se is related to
anxiety (Duffy, 1962;
Wolpe, 1973;
Epstein, 1972) may
require revision.
The variability or change in certain
indices are perhaps providing the cues for the report of
anxiety.
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Conclusion

These findings highlight the role expectation plays in
changing the performance and self-report of HA and LA
individuals.
The elevations in cognitive interference,
physical symptomatology and anxiety and the decrement in
performance for HA subjects suggest that the highly test
anxious individual may be more influenced by expectation
than their low anxious counterparts. Of particular interest
is the finding in HA subjects that cognitive interference
report rose to its highest level in conjunction with the
higher anxiety report and poorest performance,
in the
condition in which the task was expected to be difficult but
the actual difficulty was easy.
Paradoxically it is not in
this condition where HR and SRL indicate the greatest level
of
autonomic
arousal
nor
the
greatest
change
in
physiological variables.
cognitive
This
suggests
the
possibility
that
interference does, as Sarason (1984) proposed, interfere
The interaction
with performance and accompanies anxiety.
between cognitive interference and physiological processes
however is still unclear.
The effect of task irrelevant
thoughts on performance, anxiety and physiology will be
examined in the next chapter.
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CHAPTER SIX
INTRODUCTION: STUDY FIVE

Many theories of anxiety postulate two major components
in this affective process;
a physiological component and a
cognitive component.
In recent years the theoretical and
research interest in test anxiety has focused on its
cognitive aspects, since physiological indices have not
reliably discriminated the high test anxious from the low
test anxious.
The idea that a cognitions and beliefs can have a
profound effect on behaviour and emotional reactions is not
new. As early as 1962, Ellis proposed that the beliefs held
by an individual about the world mediate their responses to
it.
Since then investigators have examined the cognitive
lives of those individuals who display excessive emotional
responses in situations which would not be expected to
warrant such a response. Test anxious students are one such
group who report their performance is impaired by intense
emotional
reactions
in
examination
situations.
Not
unexpectedly the cognitions about such situations of the
high
test
anxious
individual
has
been
found
to
be
qualitatively different to that of the low test anxious
individual.
Cognitive Aspects of Test Anxiety
Differences in the cognitive content of high and low
test anxious individuals have been shown in a number of
studies.
For example Minor and Gold (1986) divided 98
subjects into high test anxious (HA), moderate test anxious
(MA) and low test anxious (LA) on the basis of their scores
on
the
test
anxiety
scale
(TAS
Sarason,
1978).
Self-report of thoughts and physical symptoms were monitored
during exam performance and in the week following the
examination, using the Checklist of Positive and Negative
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Thoughts ( CPNT - Galassi et al., 1981) and a checklist
body sensations.
The authors found that HA subjects
more negative thoughts and reported more arousal than
subjects during the examination period.
In addition
negative thoughts were consistent across time
for
subjects, whereas positive thoughts were not.

of
had
LA
the
HA

Hollandsworth, Glazeski, Kirkland, Jones and Norman
(1986) obtained a running narrative of thoughts and feelings
while HA and LA subjects completed the Otis-Lennon Mental
Ability Test. The analysis of self-statements revealed that
LA subjects reported two facilitating statements to every
one debilitating statement, while for HA subjects the ratio
was one-to-one.
Further Hollandsworth et al. ( 1986) found
that both HA and LA subjects had similar increases in
arousal (measured through heart rate, skin resistance and
respiration)
during task performance.
The difference
between the two groups arose from the manner in which they
labelled their arousal;
LA subjects appeared to view their
arousal as facilitative, and HA subjects labelled their
arousal as debilitative.
Lang, Mueller and Nelson (1983) examined the cognitive
responses of HA subjects from a different perspective.
Subjects (previously assessed as to their test anxiety level
by the Test Anxiety Inventory - TAI, Sarason, 1972) were
asked
to evaluate
a
series of
forty positively and
negatively toned
statements and
rate
them as
either
self-descriptive or other descriptive. HA subjects accepted
more negative material than positive material as being
self-descriptive. The authors concluded that HA individuals
have negative self-schemas.
It

appears

then that HA subjects have more negative
thoughts about the task they are peforming and themselves
than LA subjects.
These results are consistent with a
number of earlier findings which indicate that HA subjects
tend to describe themselves in self-devaluing terms on both
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pencil-and-paper tests (Many and Many, 1975; Sarason, 1960)
and in oral interviews (Sarason and Ganzer, 1963; 1962;
Sarason
and
Koenig,
regardless
of
experimental
1965)
conditions.
Further, HA subjects make more irrelevant,
self-deprecatory
comments
while
completing
oral
tasks
(Ganzer, 1968) and post-task questioning reveals that HA
subjects think significantly more about their progress
during a task than LA subjects (Mandler and Watson, 1966;
Marlett and Watson, 1968; Neale and Katahn, 1968; sarason,
1984).
In addition HA subjects tend to become more
pessimistic about their performance as the task continues
even if their performance is not objectively poorer than LA
subjects (Trapp and Kausler, 1958). When failure does occur
HA subjects blame themselves to a significantly greater
extent than LA subjects (Doris and Sarason, 1955).
Sarason (1978) proposed that the effects of test anxiety
in performance situations are generated by two main sets of
cognitions.
First, there are expectations that the task is
too difficult or the person is inadequate or both.
These
then lead to anticipation of failure.
The expectancies of
task difficulty, personal inadequacies and failure manifest
themselves in cognitions which are irrelevant to the task at
hand,
thus
interfering with
the
cognitive
processing
necessary for adequate performance.
The result is that on
complex tasks in evaluative stress conditions, HA subjects
perform significantly poorer than LA subjects.
and
nature
Several
studies
have
investigated
the
occurrence of cognitions irrelevant to the task in HA
subjects.
For example Sarason and Stoops (1978) divided a
sample of students into HA, M.l\. and LA on the basis of TAS
scores.
These subjects were then required to work on a
Digit-Symbol task and a set of difficult anagrams in
Posttask
evaluative stress and nons tress conditions.
questionnaires

asked

subjects

to

estimate

the

time spent
In addition

waiting for and working on the test materials.
a newly developed posttask scale, the Cognitive Interference
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Questionnaire, assessed the number of task irrelevant
thoughts that subjects experienced.
Results indicated the
HA subjects performed at a relatively low level on tasks
when compared to LA subjects, and the time estimates of HA
subjects were significantly longer than the estimates of
other subjects. Reports of task irrelevant thinking during
task performance showed that HA subjects were far more
preoccupied with how poorly they were doing, how others were
doing and what the examiner thought of them.
Arkin,
Detchan and Maruyama
( 1982)
examined
the
relationship of causal attributions and emotionality to task
irrelevant
thinking
(Cognitive
Interference).
After
assessing the level of test anxiety in a sample of 83
students, the subjects were given easy and difficult
anagrams to complete in an 18 minute period.
Results
indicated that HA subjects regarded themselves as possessing
less ability than LA subjects. Cognitive interference was a
major factor in the causal attributions of failure and a
significant determinant of affective reactions.
included the concept of cognitive
Sarason (1984)
interference in a new assessment scale for test anxiety, the
Reactions to Tests Questionannire (RTT), using this scale to
assess worry, tension, test irrelevant thinking and bodily
reactions during an anagram task.
Sarason concluded that
"results were consistent with the idea that the problem of
anxiety is to a significant extent a problem of intrusive
thoughts that interfere with task focused thinking ( 1984,
p.929)".
Sarason and Sarason (1987) further refined the Cognitive
Interference Questionnaire (CIQ) to more accurately assess
the
cognitive content of off-task
thinking.
While
completing an information test, and a set of anagrams in
stress and no stress conditions, results showed that neither
off-task thoughts nor general wandering of attention had a
negative
effect
on
performance.
It
appears
that

179

self-preoccupation and worry about
the
task
are
the
components of this cognitive behaviour which are negatively
related to actual performance level.
Thus thoughts not
related to the task may not harm performance if they do not
contain a negative valence for that individual.
It can be
seen then
that the
cognitions of HA
individuals differ from those of LA individuals.
The
cognitive content of those individuals high in test anxiety
characteristically contains more negative self-evaluation,
self-preoccupation, negative thoughts about the task, which
often take the form of worry and intrusive thoughts of
various kinds which direct attention away from the task at
hand.
It was previously thought that any cognition which
did not concern the task was interfering with performance,
however more recent research indicates that irrelevant
thoughts interfere with performance if they carry a negative
valence for that person.
The cognitive content of LA individuals has not been
extensively investigated, but it would be incorrect to
assume that it is the reciprocal of high anxious thoughts.
For example, anxious subjects are more preoccupied with
It
negative aspects of the task and how it is progressing.
is highly unlikely the low anxious subjects are preoccupied
with positive thoughts about the task.
The facilitative
nature of low anxious cognitions probably have more to do
with realistic assessments of current task demands.
It may be the case that not only the cognitive content
differs for anxiety groups but also the cognitive processes
which take place during performance.
sara son ( 1984, 1987)
has highlighted two features of the test irrelevant thinking
seen in HA individuals:
first, its agitated, ruminative
nature
nature.

(described

as

worry)

and

second,

its

intrusive

The literature examining both worry and intrusive

thinking reveal that these two characteristics
cognitive processes in HA subjects are linked.

of

the
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Worry and Intrusive Thinking in Anxiety
Eysenck (1984) found that high trait anxious individuals
when cued with a current concern, reported more worry than
low trait anxious individuals.
In addition, anxious mood
induction produced more worry report initially in all
subjects than non-anxious mood induction.
The persistance
of worry after mood induction was however related to the
degree of trait anxiety reported by an indiviudal. Borkovec
et al. (1983) have suggested that anxiety is the most
characteristic label for what people experience when they
worry.
Worry is considered to involve chains of negatively
affect-laden thoughts and images.
Using a mood induction
task (see, Velten, 1968), induced worry has been found to
increase negative thought intrusions.
In an attempt to discover if these negative thought
intrusions were the result of worry or the somatic concerns
so frequently associated with anxiety, York et al. ( 1987)
used a mood induction similar to that of Velten ( 1968) to
induce worry, somatic anxiety or a neutral condition in a
sample of college students.
Heart rate (HR) and perceived
somatic activity increased during the induction period for
both worry and somatic anxiety.
An incubatory period of
worry resulted in increased cognitive intrusions during a
subsequently attention-focusing task, and while somatic
anxiety also produced some increases in intrusions, they did
not differ significantly from the neutral condition.
The
authors concluded that while worry increased negative
thought intrusions, there was still doubt as to whether
somatic anxiety yields the same increases in this variable.
Andrew and Borkovec ( 1988) using a similar paradigm,
added the induction of depression to that of worry and
somatic anxiety.
The induction of worry was found to
produce moderate degrees of anxiety and depression, though
the worry state itself did not possess any distinguishing
characteristics which would permit the discrimination of

181

depression
"a

and anxiety.

chain of

The authors thus

thoughts and

images, laden

defined worry as
with anxious

and

depressed affect and relatively uncontrollable (p.24)".

The

content

of worry referred to uncertain

varying

degrees of rumination about past

It

should be noted that while the

distinguish

anxious

and

future outcomes and
events or losses.

process of worry may not

depressed

individuals,

other

researchers have found reliable differences in the cognitive
content

which

characterise

these two

(Mitchell and Campbell, 1988;

emotional responses

Beck et al., 1987;

Tellegen,

1985).
Intrusive

thoughts are believed to be

(Andrew and Borkovec, 1988;
al., 1983).
images

York et al., 1987;

or impulses

that are

negative intrusive

which

make

First,
of

them

they

disattend
the

unacceptable andjor

take

thoughts

particularly

has

shown

have two characteristics

aversive

significantly

subject

(Edwards

and

and

longer

interfering.

to

Dickerson,

Newman and Rachman, 1982).

negative thought intrusions

the

Research

unwanted

dismiss

or

to than neutral thoughts irrespective of the mood

Sutherland,
to

Borkovec et

They have been defined as "repetitive thoughts,

(Parkinson and Rachman, 1981, p.101)".
that

related to worry

1987a,

1987b;

Second, in response

subjects attempt to

change

focus of attention, since such thoughts are regarded as

unacceptable and distressing (Edwards and Dickerson, 1987b).
Edwards

and

difficulty
related

in disattention
to

engender.
while

physiological

(1987a)

and

arousal

intrusive

physiological

discriminate

proposed

to negative

This can only be a

worry

anxiety,
al.,

Dickerson

the

intrusions may

which

these

be

thoughts

speculative explanation, for
thinking

arousal

the anxious from

that

has

are associated
not

been

with

found

to

the non-anxious (Holroyd

et

1980) or the worrier from the non-worrier (Borkovec et

al., 1983).
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Since worry has been found to increase negative
intrusions ( Borkovec et al., 1983;
Andrew and Borkovec,
1988;
York et al., 1987) and worry is a consistent
characteristic of the highly test anxious ( Sarason, 1984;
Morris and Liebert, 1971), the cognitive interference that
these individuals report is likely to be a form of negative
intrusion.
The
distinguishing
features
of
negative
intrusions namely that they are difficult to dismiss and
prompt individuals to attempt to change the attentional
focus,
are
consistent with the
idea
that
cognitive
interference disrupts the processing necessary for adequate
performance.
The studies which have examined worry and intrusive
thinking find these processes associated with anxiety.
Other investigators have
attempted to
establish
how
differing types of cognitive content influence emotional
responses.
Beliefs, Self-Statements and Affect
It has been assumed that affective reactions and
emotional behaviours are accompanied and perhaps maintained
by self-statements or self-verbalizations (Ellis, 1962;
Meichenbaum, 1977).
This self-talk is a function of the
nature of the beliefs or expectations that individuals hold
about
emotionally arousing
situations
(Ellis,
1962).
Maladaptive emotional responses are the result of irrational
beliefs, and such beliefs contain expectancies which are not
consistent with the status of the real world. According to
Ellis ( 1962), individuals who maintain irrational beliefs
tend to covertly verbalize these irrational ideas in
situations that produce over-emotional responses.
Several research methods have been used to examine the
role of self-statements in emotional responsivity.
One
approach has examined the role of the beliefs held by an
to
media·ting
emotional
responses
individual
in
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self-statements.
altering

A second approach looks at the effects of

self-statements

and

the

concomitant

changes in

affective responses, while a third approach investigates the
differential

effects

of

positive

and

negative

self-statements on emotional states and adjustment.
Role of Beliefs in the Mediation of Emotional Responses
Goldfried
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relationship
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Beliefs therefore may hold a mediational role in the
emotionality produced by self-statements or self-talk
(Kendall and Hollon, 1981). While it can be expected that
individuals produce self-talk which is consistent with their
belief system, when attempting to manipulate emotionality in
subjects through changes in self-statements, the degree to
which subjects regard them as personally relevant may need
to be considered. Despite this caution, mood induction via
the reading of self-statements has been successful.
The Use of Self-Statements to Induce Mood States
Velten (1968) required subjects to read either elating
or depressing self-statements before completing a number of
tasks which emphasized the speed of responses
(word
association decision time). Elating statements consisted of
sentences such as "This is great.
I am elated about
things", while the depressed sentences took the form "I have
too many bad things in my 1 i fe".
The success of mood
induction was measured by the on subjects' report of mood.
The subjects who had read the depressing self-statements
performed more poorly than subjects who had read elating
self-statements.
In another study which examined the
effects self-statements can have on performance Schill,
Monroe, Evans and Ramanaich (1978) found similar results to
Velten (1968).
Subjects concentrated on rational and
irrational self-statements while engaged in a mirror tracing
task. Performance improvements were more evident for those
subjects who were in the rational condition than for the
irrational or neutral conditions.
use of Self-Statements to Induce Physiological Change
Self-statements
have
also
been
found
to
elicit
physiological changes dependent on statement content.
Rim
(1969)
divided 27
introductory psychology
and Litvak
students into an experimental group which was presented with
affectively-loaded sentences and a control group which read
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neutral statements.
Galvanic skin responses (GSR) and
respiration were recorded.
Prior to commencing the task
subjects were asked to rate the level of concern or worry
they felt for each statement. This was to determine the
relevance
Findings
of the statement to the subject.
indicated
that physiological responses
increased when
subjects were confronted with affectively-loaded sentences,
but not in response to neutral statements. Relevance had no
effect on the subjects' subsequent physiological response.
These results have been replicated by May and Johnson
(1973), Russell and Brandsma (1974) and May (1977). May and
Johnson (1973) used arousal inducing or stressful words
(e.g. murdered, massacred, mutilated) and non-stressful
words to evoke thoughts in subjects.
Heart rate (HR), GSR
and
respiration were monitored.
Data
indicated that
internally evoked thoughts produce physiological changes and
that the direction of the change is in part dependent upon
the affective nature of the cognitive event. HR appeared to
be the most sensitive physiological measure of responsivity.
Similar results were found by May (1977) who examined the
effect of self-generated phobic and non-phobic thoughts and
HR, skin resistance
images on phobic and normal subjects.
level (SRL) and respiration were monitored. Self-regulated
phobic thoughts produced greater physiological activity than
similarly
induced non-phobic thoughts.
Further phobic
subjects reacted to these thoughts to a greater extent than
non-phobic subjects. Of the physiological measures, HR was
again found to be sensitive to the internally elicited
cognitive task.
Taken
that
together
these
studies
indicate
self-statements can successfully change performance and
physiological responses. This can be regarded as support
for the role of cognition in emotion.
Yet some of these
studies did not actually assess the subject's own report of
mood changes. Affective reactions were rather inferred from
changes in physiological indices. It is therefore unclear
as to whether subjects regarded these changes as emotional.
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Use of Positive and Negative Self-Statements
A number of studies have examined the effects of
negative statements and compared these to neutral or control
statements. Negatively affect-laden sentences appear to be
accompanied by increases in physiological measures.
In the
situation
in
which
both
negative
and
positive
self-statements are assessed, one might intuitively expect
that the effect of these types of self-talk to be
reciprocal.
Craighead, Kimball and Rehak (1979) selected 32 subjects
on the basis of their IBT scores (16 high scorers and 16 low
scorers). Subjects were asked to visualize social rejection
scenes and report thoughts, feelings and possible actions.
The authors found that high IBT scorers had significantly
more negative self-statements than low IBT scorers, while
low IBT scorers had more positive self-statements. Analysis
of mood scores (MAACL assessed) indicated that visualization
of the social rejection scene did not make subjects feel
significantly more anxious, hostile or depressed, but
visualizing a pleasant scene did make subjects feel better.
In another experiment, Schwartz and Gottman (1976) found
that highly assertive subjects reported many more positive
self-statements than negative self-statements, while low
assertive subjects had a comparable amount of both types.
The authors postulated that unassertive individuals have an
"internal dialogue of conflict (p.919)".
Findings of
Cacioppo, Glass and Merluzzi ( 1979) add further light to
this relationship.
In their investigation, individuals who
reported a low number of negative self-statements, tended to
have a more positive self-evaluation, whereas the number of
positive
self-statements
showed
no
relationship
to
self-evaluation. It appears then that it is not the number
of positive self-statements present but an absence of
negative self-statements which may facilitate a more
Indeed Kendall, Williams, Pechacek,
positive self-image.
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Graham, Shisslak and Herzof (1979) concluded that while
positive cognitions may not help an individual to cope, an
absence of negative self-statements appears to be related to
more positive adjustment in stressful situations.
This relationship is far from clear however; Eifert and
Lauterbach (1987) for example, examined self-verbalization
and avoidance/approach behaviour to a harmless snake by
non-phobic subjects. A thinking aloud technique was used to
asses
the
nature
of
self-talk
in
this
potentially
anxiety-inducing task.
Successful completion of the task
(i.e. approaching the snake) was found to be related to the
availability of cognitions to combat existing negative
statements, rather than the absence of negative statements
per se.
It may be that an absence of negative self-statements or
negative self-talk is the best way of ensuring a positive
approach to stressful situations.
In individuals who
already possess a negative cognitive set about themselves or
a particular situation however, the presence of positive
cognitions appear to combat the more negative ones.
The Nature of Self-Statements
The nature
of
thoughts
or
self-statements which
accompany anxiety reactions has also been extensively
investigated (Beck and Emery, 1986;
Bruch, Juster and
Kaflowi tz, 1982;
Deffenbacher et al., 1986;
Rosin and
Nelson, 1983;
Warren, Zgourides and Jones, 1989).
Rosin
and Nelson (1983) asked subjects to verbalize either
rational or irrational self-statements while engaged on a
frustrating task.
The rational and irrational statements
were designed along Ellis' (1962) definitions. For example,

a rational

self-talk

sentence was

"there

is

really no

logical reason why I should consider myself a less competent
or worthwhile person if I make a simple mistake on this
task". Irrational statements alternatively were constructed
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to

be over-generalized, evaluative statements pertaining to

performance
of

such as "I'm really going to look dumb in front

the experimenter if I

can't do these relatively

simple

did
not differ significantly.
Those subjects who verbalized
rational self-statements however did not report as much
state anxiety as those who concentrated on irrational
self-statements.
Thus over-generalized and
evaluative
statements
pertaining to
the
task and incorporating
expectations both of task difficulty and approval give rise
to increases in state anxiety.
tasks

correctly".
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emphasize possible threats, and an inability to deal with
these threats, coupled with demands for the approval of
others, makes the individual vulnerable to the evaluator's
judgements. This manifests itself in over-concern about the
performance,
its requirements and the ability of the
individual.
In sum then, there can
be little doubt that cognition
plays a significant role in emotional reactions.
Using
self-statements to induce mood, changes in performance and
physiology can be seen.
If these self-statements are
congruent with the belief system of the individual, their
effect is augmented.
Highly test anxious individuals have a negative view
both of themselves and of the task they are performing. The
anxious mood engendered by evaluation, causes worry, a
feature of which are negative thought intrusions, in the
case of test anxiety called cognitive interference.
These
task irrelevant thoughts are concerned with the task, the
ability of the performer and the evaluation of others.
It
has
been
shown
that
internally-generated
negative
self-statements
produce
increases
in
indices
of
physiological arousal. Negative intrusions may operate in a
similar way being difficult to disattend to, due to the
arousal they produce.
Perhaps then the report of increases
in arousal so often seen in test anxious subjects yet
infrequently varified through objective measurement, are
related to the negative and intrinsic nature of cognitive
interference.
Aims of Study Five
The aim of this study is to examine the effect that
negative and positive task and self-related statements have
on physiology, performance and self-report of high test
This, so that an
anxious and low test anxious subjects.
assessment can be made as to whether such statements produce
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changes in physiological indices as those described by Rim
and Litvak (1969), May (1977) and May and Johnson (1973).
Further to test Sarason and Sarason's (1987) assertion that
negative task irrelevant thoughts affect performance and
finally to assess if task and self-related statements
produce changes in mood, similar to mood changes found by
Velten (1968) and Borkovec et al. (1983).
The hypotheses concerning this study are:
1.
HA subjects will report significantly more anxiety,
cognitive inteference and physical symptoms than LA
subjects, in the TIS condition.
2.
HA subjects will rate task interfering statements
as significantly more typical than LA subjects.
3.
There will be a significant difference between TIS
and TFS conditions on the measures of heart rate
(HR),
skin
resistance
level
( SRL)
and
skin
resistance responses (SRR).
4.
There will be a significant difference between HA
and LA subjects on physiological measures in the
TIS cndition.
5.
There will be significant differences between HA
and LA subjects
for
the number of matrices
correctly solved and the time taken for solution
in the TIS condition.
6.
There will be a significant difference between HA
and LA subjects for
the accuracy of matrice
solution and time taken for
solution in the
self-depreciation and task difficulty statement
categories.
7.
The task focus statement category will improve
accuracy of performance for HA subjects above that
of TIS condition.
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METHOD
OVERVIEW AND DESIGN

A 2 x 2 between-subjects design was used, in which
subjects were divided into high and low test anxious groups
and then randomly assigned to either a task interfering
statement condition or
a
task
facilitative
statement
condition.
Subjects attempted to complete 18 Raven's
matrices which were accompanied by statements.
HR and skin
resistance
measures
were
taken
during
performance.
Following
30
minutes,
subjects
completed
posttask
questionnaires to assess their mood, the level of cognitive
interference
and
the
amount
of
physical
symptoms
experienced.
In addition,
a
rating of how typical
statements were for normal task cognitions was taken.
SUBJECTS
Sixty subjects were
recruited from administration,
health
education,
sports
management
and
nursing
undergraduates
of
the
Canberra
College
of
Advanced
Education.
These were the same sample groups used in the
previous experiments (see Chapter 3, p.88 for details).
APPARATUS
Task Materials
The task consisted of Raven's Progressive Matrices
(Adult Set II;
Raven, 1958) problems 18 to 36.
The
Progressive Matrices task was modified to include a set of
task interfering statements (based on Beck and Emergy, 1986)
and a set of task facilitating statements (based on McKay,
Davis and Fanning, 1981). Task Interfering Statements (TIS)
emphasized
task
difficulty,
time
pressure,
thinking
difficulties and self-deprecation (see, Appendix E.2). Task
Facilitating Statements (TFS) emphasized positive abilities,
relaxation and task focusing (see, Appendix E.2).
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Physiological Recording
Heart rate (HR) and skin resistance levels and responses
(SRL, SRR) were monitored during task performance. A four
pen,
Model 79 EEG/Polygraph was
used (Grass Medical
Instruments, Quincy Mass., USA). Four lOmm silver-chloride
electrodes were used for cardiovascular and skin recordings.
Electrodes for cardiovascular recordings were placed on the
ankle on the side of the dominant hand, and the wrist of the
non-dominant hand. Neptic Electrode Gel (Smith and Nephew
Pharmaceuticals Ltd., England) was used for cardiovascular
recording.
All skin resistance electrodes were applied dry
to the second and fourth fingers of the non-dominant hand.
PROCEDURE
All subjects were tested individually.
The purpose of
the experiment was explained to the subject which was to
"examine the physiological changs while solving a series of
puzzles".
Following this electrodes for physiological
recording were attached.
Subjects were randomly assigned to either the task
intefering or task facilitating statement conditions. Each
subject was then given three practice puzzles to familiarize
them with the task procedure.
Following this it was
explained that with each puzzle came a statement. They were
asked to read the accompanying statement several times to
themselves and "think about it as if it is true about you;
think about what you would think and about how you would
feel if it were true". Subjects were then instructed to do
the puzzles, while remembering to read each statement before
doing each puzzle.
pressing a switch

Subjects indicated puzzle completion by
which provided a time mark on the

polygraph recording.
Subjects were given 30 minutes to
complete as many puzzles as possible. HR, SRL and SRR were
recorded during task performance.
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At the completion of the 30 minute period, subjects were
asked to complete a series of post-task questionnaires. The
number of task interfering thoughts was rated on the
Cognitive Interference Questionnaire (Sarason, 1980).
The
self-report of physical symptoms was rated on the 14 item
Symptom Checklist (Pennebaker, 1982).
Subjects also rated
how typical the TIS and TFS were as thoughts in general
performance conditions.
This assessed the degree to which
subjects
might
believe
the
statements
used
in
task
procedure (see, Appendix E.1, for scale).
RESULTS
Self-Report Measures

The mean scores for
the self-report of cognitive
interference,
physical
symptoms
and
anxiety
in
Task
Interfering Statement (TIS) and Task Facilitating Statement
(TFS) conditions for HA and LA subjects, can be seen in
Table 6 .1.
Table 6.1:

Mean self-report of cognitive interference,
physical symptoms and anxiety for HA and LA
groups in TIS and TFS conditions.

Statements
Anxiety

Task Interfering
HA
LA
(n=15)
(n=15)

Task Facilitating
HA
LA
(n=15)
(n=15)

Cogn~t~ve

Interference

33.3

30.9

26.1

22.4

Symptom Report

23.9

23.0

21.1

17.9

Anxiety

2.73

2.93

2.87

2.20
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A 2 (anxiety groups) x 2 (statement conditions) analysis
of variance was used to analyse self report data (see
Appendix E.3 to E.4 for complete ANOVA table). Posttask
questionnaires revealed no significant differences between
anxiety groups, though the self-report of HA subjects as
typically greater than that of LA subjects in both statement
conditions.
The exception is anxiety ratings in the TIS
condition, LA subjects reports slightly more anxiety than HA
subjects.
ANOVA did
produce
significant
differences
between
statement conditions for cognitive interference [F(l,59) =
20.312, p=0.0001] and symptom report (F(1,59) = 4.905,
p=O. 031],
indicating
that
task
interfering
statement
produced elevations in self-report for both anxiety groups.
There were no significant interactions.
Typicality of Statements as Thoughts in Performance
The mean scores for HA and LA subjects in the Task
Interfering Statement (TIS) and Task Facilitating Statement
(TFS) conditions for ratings of how typical task interfering
and
task
facilitating
statements
are
of
cognitions
experienced in normal performance situations can be seen in
Table 6.2.
Table 6.2:

Statements
Anxiety

Mean Ratings of Typicality for TIS and TFS for
HA and LA Subjects
Task Interfering
HA
LA
(n=15)
(n=15)

Task Facilitating
HA
LA
(n=l5)
(n=15)

Interfering

5.56

3.74

5.77

3.37

Facilitating

6.27

6.70

5.81

6.35
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A 2 (anxiety groups) x 2 (statement conditions) analysis
of variance revealed significant differences for anxiety on
the TIS category [F(l,59) = 20.872, p=O.OOOl].
HA subjects
rated task interfering statements as being more typical of
thoughts encountered in performance, whether they received
task interfering or task facilitating statements in the
actual task.
Task facilitating statements did not produce
significant differences between anxiety groups, the means
reveal however that all subjects tend to report having more
task facilitating than task interfering thoughts.
Impact of Statement Categories:

Physiological Variables

The mean heart rate (HR) for a 30 second period in each
statement category for HA and LA subjects can be seen in
Table 6.3.
Table 6.3:

Mean HR (30 second sample) for Each Statement
Category and Anxiety Groups
HA

Pretask Baseline

LA

F

41.65

40.99

0.55

41.50
41.82
41.77
41.70

40.30
40.02
39.83
39.93

1.12
1. 36
1.73
0.99

42.38
42.09
41.89

40.62
40.84
40.89

1. 29
1. 28
1. 34

Task Interfering:
1.
2.
3.
4.

Difficulty Emphasis
Self Deprecation
Time Pressure
Thinking Difficulties

Task Facilitating
1. Positive Ability
2. Task Focus
3. Relaxation

Note: Each anxiety group/task condition, n=l5.
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Univariate analyses of variance revealed no significant
differences on HR for HA and LA subjects for any of the
statement categories or at pretask.
HA subjects tended to
have a slightly higher HR than LA subjects overall.
HR
appears to increase in response to the task facilitating
statements for both anxiety groups.
A 2 x 2
(anxiety
groups x statement conditions) ANOVA revealed no significant
differences between statement conditions and no significant
interaction (ANOVA tables for all physiological analyses can
be seen in Appendices E5 to E8).
The mean change in skin resistance level (SRL - Ohms)
over a 30 second period in all statement categories for HA
and LA subjects can be seen in Table 6.4.
Table 6.4:

Mean Change in Skin Resistance Level (SRLOhms) in Statement Categories for HA and LA
Subjects
LA

HA

F

Task Interfering:
1. Difficulty Emphasis
2. Self Deprecation
3. Time Pressure
4. Thinking Difficulties

-1088.83
974.67
9830.33
-1954.67

-1545.00
931.11
-8355.00
-12333.33

-26251.44
-9216.89
1818.00

630.00
-2353.33
9826.67

1. 87
1. 73
0.02
3.61+

Task Facilitating:
1. Positive Ability
2. Task Focus
3. Relaxation

Mcit€i

+

p<O.l

1.96
1.01
1. 02

negative change indicates a decrease in SRL, and
positive change indicates an increase in SRL.
Each anxiety group/statement condition, n=15.
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Univariate analyses of variance of mean changes in SRL
produced by statement categories and matrices, indicate no
significant differences between HA and LA subjects.
Means
reflect a mixed pattern of results. Decrease in resistance
levels are overall larger in the TIS condition for LA
subjects.
The reverse is true for the TFS condition where
HA subjects appear to have the larger decreases in SRL. A 2
x 2 (anxiety groups x statement conditions) ANOVA indicated
that the decreases were not significant, in either statement
condition, and no significant interaction term.
The
mean
number
of
non-specific
skin
resistance
responses (SRR) in each statement category for anxiety
groups can be seen in Table 6.5.
Orienting responses have
been excluded from the analysis.
Table 6.5:

Mean Number of SRR in Each Statement Category
for HA and LA Subjects
HA

LA

2.87
3.31
2.07
3.07

2.57
2.76
2.63
2.53

0.28
0.59
0.09
0.58

2.40
2.49

2.31
2.31
2.29

0.26
0.09
0.52

F

Task Interfering:
1.
2.
3.
4.

Difficulty Emphasis
Self Deprecation
Time Pressure
Thinking difficulties

Task Facilitating:
1. Positive Ability
2. Task Focus
3. Relaxation

2.49

Note: For each anxiety group/statement condition, n=l5.
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Univariate analyses of variance
revealed that
the
differences between HA and LA subjects in all statement
categories for the number of SRR produced were small and
non-significant. Generally, HA subjects had marginally more
fluctuations than LA subjects in both statement categories.
A 2 x 2 (anxiety groups x statement conditions) ANOVA
indicated that the differences in the number of fluctuations
produced by the statement categories were non-significant.
The mean size of non-specific skin resistance responses
(SRR - Ohms) in each statement category for HA and LA
subjects can be seen in Table 6.6.
Table 6.6:

Mean Size of SRR (Ohms) for HA and LA Subjects
in Each Statement Category
HA

LA

1218.07
1141.07
1353.95
909.43

1309.02
1227.94
1447.94
1159.73

1321.64
983.14
869.73

1091.95
825.72
774.34

F

Task Interfering:
1.
2.
3.
4.

Difficulty Emphasis
Self Deprecation
Time Pressure
Thinking Difficulties

0.02
0.08
0.07
0.35

Task Facilitating:
1. Positive Ability
2. •rask Focus
3. Relaxation

0.16
0. 01
0.09

Note: For each anxiety group/statement condition, n=15.

Univariate analyses of variance indicated that there
were no significant differences between HA and LA subjects
for the size of skin fluctuations in any statement category.
Generally, LA subjects had larger SRR in TIS conditions and
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HA

subjects had

(anxiety

x

larger SRR

conditions)

in TFS

ANOVA

conditions.

produced

no

A

2 x

2

significant

differences for the statement categories.
Impact of Statement Categories:
The

Performance Variables

mean time taken to complete Raven's Matrices in the

statement

categories for HA and LA subjects

can be seen in

Table 6.7.
Table 6.7:

Mean time Taken (seconds) to Complete Puzzles in
Statement Categories for HA and LA Subjects
HA

LA

98.7
82.1
135.5
104.4

86.1
102.4
107.7
96.6

5.38 *
1. 52
2.70
0.06

104.7
109.9
87.5

82.3
101.9
88.8

0.92
1. 02
0.02

F

Task Interfering:
1.
2.
3.
4.

Difficulty Emphasis
Self Deprecation
Time Pressure
Thinking Difficulties

Task Facilitating:
1. Positive Ability
2. Task Focus
3. Relaxation

Note: For each anxiety group/statement condition, n=l5.

*

p<O.OS
Univariate

significant
statement
more

analyses of variance revealed

differences between HA
categories.

time to solve

category.

no consistent

and LA subjects

Overall, HA subjects

the matrices irrespective

on the

tended to take
of statement

Interestingly, self-deprecating statements slowed

the performance of LA subjects when compared to HA subjects.
A

2 (anxiety groups) x 2 (statement categories) analysis of

variance

(ANOVA)

indicated

that

the

time

taken
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to

complete

statement

matrices

did

categories.

not

significantly

(Complete

ANOVA

differ
tables

in
for

performance variables can be seen in Appendix E9 and ElO.)
The

percentage of

statement

matrices correctly

solved for

type and overall statement categories

each

for HA and

LA groups can be seen in Table 6.8.
Table 6.8:

Percentage of Matrices Correctly solved for HA
and LA subjects
HA

LA

55.5
85.1
66.7
55.5

83.3
68.6
55.5
61.2

0.32
1. 79
0.13
0.61

81.5
55.5
85.1

66.7
66.7
44.5

0.01
0.02
3. 77+

F

Task Interfering:
1.
2.
3.
4.

Difficulty Emphasis
Self Deprecation
Time Pressure
Thinking Difficulties

Task Facilitating:
1. Positive Ability
2. Task Focus
3. Relaxation

+ p<0.05
Note:

For each anxiety group/statement condition, n=15.

Univariate
matrices

solved

statements
between

analyses

variance

correctly

showed

for
that

mean number
only

of

relaxation

produced a trend toward a significant difference

HA

and

significantly
subjects

of

LA

subjects

better.

performed

Overall,

better

difference

occurring

difficulty

of the

with HA

in

task.

than

in

the

HA

subjects the

statements
In the TFS

emphasizing

relaxation and

improvement

in HA performance.

positive
A

subjects performing

which

TIS conditon

LA

largest

emphasized the

condition statements
abilities produced an

2 x 2 ANOVA

revealed no
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significant differences in statement categories for number
of matrices correctly solved.
DISCUSSION
Statement
categories
did
produce
consistent
not
differences between HA and LA subjects on performance and
physiological variables. There were also no differences
between the statement categories themselves on the dependent
measures.
Despite the lack of impact of TIS conditons, HA
subjects did report that task interfering statements were
significantly
more
typical
of
thoughts
occurring
in
performance than LA subjects.
Self-report changed in response to the TIS and TFS
conditions.
Both cognitive interference and physical
symptomatology elevated in TIS conditions.
There were
however no differences
in
anxiety
rating either
for
statement categories or anxiety groups.
Self-Report Measures
To assess the effectiveness of the Task Interfering
Statement
(TIS)
and Task Facilitating Statement
(TFS)
manipulations, posttask questionnaires examined the degree
of cognitive interference,
physical symptomatology and
anxiety.
It was predicted that HA subjects would report
more cognitive interference, physical symptomatology and
anxiety in the TIS condition than LA subjects.
Data showed
no significant anxiety group differences in either the TIS
Significant
or TFS conditions for any posttask scale.
differences did occur however between statement conditions
for cognitive interference and physical symptom report.
These scales indicated that both HA and LA subjects reported
more task irrelevant thinking and physical symptomatology
when confronted by task interfering statements.
For symptom
report, differences which existed between HA and LA subjects
in the task facilitating condition virtually disappeared in
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the task irrelevant statement condition.
may be seen for cognitive interference.

A similar pattern

Anxiety rating did not change for either anxiety groups
in either statement condition. This is surprising given the
elevations in cognitive interference and symptom report in
response to TIS conditons.
From increases in these scales
one might expect that LA subjects were influenced by TIS
conditions to the same degree that HA subjects were.
Thus
anxiety rating would be expected to increase in both anxiety
groups in the TIS condition when compared to the TFS
condition.
Clearly, this did not happen.
A conclusion
which then could be drawn is that mood did not change in
response
to
the
statements,
thus mood
induction was
unsuccessful.
Increases in cognitive interference and
symptom report argue against this.
The increases in cognitive interference and symptom
report were expected for HA subjects in response to material
which emphasized task difficulty, their own lack of ability,
time pressures and concentration difficulties. Studies have
indicated
that
HA
subjects
accept
negatively
toned
statements as being more self-descriptive than LA subjects
(Lang et al., 1983).
They also tend to describe themselves
in more self-devaluing terms (Ganzer, 1968;
Many and Many,
1975;
Sarason and Koenig, 1965) and are more pessimistic
about their performance (Trapp and Kaus1er, 1958).
These
reflect a belief system which is characterised by a demand
for approval and a general preoccupation with possible
threat
(Deffenbacher
et
al.,1986).
Irrational
self-statements have also been found to increase state
anxiety (Rosin and Nelson, 1983).
Cognitive interference
itself is regarded as a form of negative thought intrusion
in task performance which re-introduces concerns about the
task and the ability of the individual (Sarason, 1984;
sarason and Sarason, 1987). Cognitive-attentional theorists
believe it is fundamental to the problem of anxiety.
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In
and

this study the
symptom

increases in cognitive

report

were

produced

by

interference

TIS

conditions

presumably because task interfering statements were accepted
by

HA subjects as

self-relevant and consistent

with their

belief

system. Thus negatively toned material increased the

number

of negative thought intrusions.

This has been shown

by a number of studies (Andrew and Borkovec, 1988;
et al., 1983;

York et al., 1987).

Increases
in

in cognitive interference and

response

expected.

Borkovec

to

TIS

conditions

for LA

It suggests that LA subjects

negative

statements

subjects

were.

at

least to

symptom report

subjects was

not

were influenced by

the same

Eysenck (1984) had found

dgree that

HA

that anxious mood

induction produced more worry initially in all subjects than
non-anxious

mood induction, though findings

suggested that

the persistence of worry was related to trait anxiety.
The
with

low test anxious

individual may therefore

increases in anxiety-related symptoms

with

respond

when confronted

negative material about the task and themselves.

difference

between

persistence

LA

and

HA

individuals

of interfering thoughts

then

The

is

the

and the perception

of

elevated physiology in subsequent performances.
The
the

TIS

lack of significant increases in
condition

interference
related
regarded

is

puzzling.

and symptom

report

Increases in

facilitative,

removing

(Hollandsworth

its

cognitive

are generally seen

to the experience of anxiety.
the perceived increases

anxiety rating in

Even if all subjects

in arousal as

possible

et al., 1986), the lack

to be

neutral or

distressing

element

of anxiety increase

is still not explained.

Arkin et al. (1982) found cognitive

interference

be

affective
easy
to

alone

to

reactions when

and hard anagrams.
respond

(Rosin

and

with

a
HA

1983).

determinant

subjects were given

State anxiety

increases

Nelson,

significant

to

of

a set of

has also been shown

irrational self-statements
It

may

be

that

negative
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cognitions
for

are a necessary though

the experience

of

not sufficient condition

anxiety and other

physiological or

task factors play a role in the report of this emotion.
Belief in Statements
An

assessment

encountered
how

of

subjects' belief

in the

statements

in the task was made by asking subjects to rate

typical these statements were of cognitions experienced

in

actual

test

situations.

The

typicality

rating

may

reflect some aspects of the belief systems which individuals
possess
been

about performance.

found to

Sobocinski,

Since

mediate emotional

1975;

irrational beliefs have
responses (Goldfried

Kendall and Hollon, 1981;

Rogers

and Craighead, 1977;

degree

to

which

the TIS

Nelson, 1977;

Rosin and Nelson,
and TFS

and

1983), the

categories reflect

the

beliefs of subjects may give an indication of their possible
impact.
It was hypothesized that HA subjects would rate the task
interfering
This

was

statements as
confirmed.

whether

HA

more typical

Further,

subjects

were

this

presented

than LA

subjects.

difference
with

TIS

occurred
or

TFS

conditions, thus the statement manipulation had no effect on
the

typicality

differences

in

rating.

This

cognitive

would

content are

indicate

that

stable features

the
of

these individuals and therefore reflect their belief systems
and characteristic patterns of thinking to some degree.
There

were

no

effects

for

typical

than TIS.

statements

TFS, with all
are

statements.

anxiety

group

condition

subjects reporting TFS as

LA subject's

almost

or statement

twice

report that

as

typical

as

more

facilitating
interfering

Whereas HA subjects have approximately the same

amount.

This supports the findings of Hollandsworth et al.

(1986).

After obtaining

while

a running

narrative of

thoughts

completing an ability test, the authors noted that LA
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subjects reported two facilitating statements to every one
debilitating statement, while for HA subjects the ratio was
one-to-one.
Similarly, Schwartz and Gottman (1976) found
that assertive ·individuals reported many more positive
self-statements
than
negative
self-statements, while
non-assertive (socially anxious) individuals had comparable
amounts of both. The task interfering and task facilitating
statements chosen for this study then do appear to reflect
some of the characteristics of thoughts typically found in
task performance in both HA and LA individuals.
Physiological Measures
There
were two hypotheses concerning physiological
indices.
First, it was predicted that there would be a
significant difference between TIS and TFS conditions on HR,
skin
resistance
levels
(SRL) and
non-specific skin
resistance responses (SRR).
Second, significant anxiety
group differences would also be found on physiological
measures in the TIS condition. Neither of these hypotheses
were supported.
The analysis of HR in the 30 second period in which the
statement was read and the matrice commenced, showed that HA
subjects had slightly higher HR than LA subjects though not
significantly
different from baseline.
HR
tended to
increase in task facilitating conditions for HA subjects
when compared to task interfering conditions. Changes in
the level of skin resistance produced larger decreases in
SRL for the TFS condition. Taken together these indices
indicated
that arousal increased slightly in the TFS
condition for HA subjects.
The SRR data does not follow
this pattern with both HA and LA subjects showing marginal
increases in the number and size of responses in TIS as
compared to TFS.
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The

lack of difference between

statement categories on

physiological indices is puzzling.
shown

that

physiological

self-statements.
respiration

Rim

increase

sentences,

A number of studies have

indices

and

Litvak

in

response

respond
(1969)

but not in response to

to

to
found

negative
GSR

and

affective1y-loaded

neutral statements.

and Johnson (1973) monitored HR, GSR and respiration.

May
These

measures showed changes dependent on the affective nature of
the

cognitive

events,

words.

May

(1977)

greater

physiological

which

found

skin

content.

elicited by

phobic thoughts
(HR, SRL

stressful
produced

and respiration)

Both these studies found HR to be

most sensitive index of change

thought
of

that

activity

than non-phobic thoughts.
the

were

Rogers

in response to negative

and Craighead

conductance and mood changed as a

(1977) found

that

function of the act

thinking about a self-statement and the subjects' belief

that the statement was personally relevant.
HA

subjects rated TIS as

more typical of the

thoughts normally encountered in performance.

types of

From this one

might expect that greater physiological change would be seen
in

response to TIS for HA

thoughts

are a stable

Physiological

subjects, since task interfering

feature of their

indices showed no

cognitive content.

such changes, and

this is

consistent with the lack of anxious mood change.
The

lack

measures
since

of

significant differences

between

HA

and LA

on physiological

subjects were

not surprising

experimental studies have failed to differentiate the

highly

test anxious

physiology

from

the non-anxious on

(Holroyd et al. 1978;

Montgomery,

1977).

Holroyd

the basis of

and Appel, 1980;

This is despite increases in reports· of

physical symptoms and cognitive interference.
These

data

relationship

have

shed

no

further

between cognitive interference,

arousal,

and anxious mood.

believed

to

be

light

on

the

physiological

Negative thought intrusions are

maintained by

increases in

physiological
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arousal

(Edwards

interference

and

Dickerson,

is related to negative

shows

none of

While

it has been found

reliably

1987).

the

the

worrier

cognitive

interference is maintained.
by

1983), the

from

et al.,

response

in arousal.

that physiological indices do

(Borkovec

to

cognitive

intrusive thinking, it

expected concomitant rises

discriminate

relationship

If

anxiety

non-worrier

question remains

since

definition

the

not

as to

how

Further, what is its

anxiety

requires

as

an

affective

physiological

some

reactivity.
Performance: Speed and Accuracy

There
First,

were several

hypotheses concerning

performance.

it was expected that the TIS condition would produce

significant
number

differences between HA

and LA subjects

of matrices correctly solved

solve

them.

on the

and the time taken

to

HA subjects did perform more poorly in the TIS

condition than LA subjects though not significantly so. This
is

in

contrast

improved

accuracy

condition

which

task

difficulty

also

emphasized

not

supported.

conditions.

above

Second, it was
statements

would significantly
Third,

statements

which

to improve performance

that of task

This was not found.

decrease

for matrice solution.

task focus were expected

HA subjects

marginally

statements and

and increase the time taken

was

increase

TFS

that self-deprecating

emphasizing

for

the

the performance of HA individuals.

predicted

This

to

interfering statement

Task focus statements did

the time taken, but accuracy

of the responses did

not improve.
Studies
manipulated
example,

have shown that performance can be successfully
using

manipulated

self-statements.
direction

self-statements.

which

Mood

mood
was

statements

using

Velten
depressing

successfully
indicated.

(1968),
or

for

elating

altered

in

the

Subjects

in

the

depressed mood group performed more poorly than those in the
elating

group.

Schill

et

al.

(1978) used

rational and
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irrational self-statements to influence performance and
found that performance on a mirrow-training task improved
significantly for those using rational self-statements to
those using irrational self-statement.
Similarly, task
facilitating conditions did produce slight improvement in
the performance of HA subjects overall.
The lack of performance differences between HA and LA
subjects
on
this
complex
task
is
surprising
since
performance decrements for HA subjects is a consistent
finding throughout the test anxiety literature (for review
see Chapter 5, pp.145-149).
It may be that the task and
experimental conditions did not evoke sufficient evaluative
stress for this difference to occur.
This is consistent
with anxiety ratings which show that state anxiety did not
differ between the anxiety groups in any experimental
condition.
Individual statement categories did not produce the
expected differences.
The prevalence of cognitions which
are
self-deprecating and
emphasize difficulty
in
the
posttask reports of HA subjects (e.g. Miner and Gold, 1986;
Many and Many, 1975;
Ganzer, 1968;
SDarason, 1984;
Sarason and Sarason, 1987) suggest that these statements
should have greatest impact.
If they are characteristic of
the
thoughts
experienced
by
HA
individuals,
as
the
typicality ratings suggest, then such cognitive material
must reflect aspects of the beliefs held about evaluative
performance.
Their lack of impact may have been due to an
insufficient number of items, which did not leave enough
incubation time for worry.
Task-focus statements may not have improved performance
for similar reasons. Sarason (1984) had found that using
successfully
improved
the
task-focusing
instructions
performance of HA subjects on a difficult anagram task,
appearing to counter the effects of cognitive interference
which disrupts the processing required for the task.
The
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task-focusing statements emphasizing concentration and a
systematic approach to matrice solution were expected to
have a facilitative effect on performance. Again the small
number of these statements may not have permitted the
performance gains to be seen.
Cautions
A number of cautions must be considered in the
interpretation of these results. First, since subjects were
presented with only two or three statements of a particular
type, the item sample may have not been of sufficient size
to show the effects.
Second, the time given both to read
each particular statement and complete the matrice may have
been too little for mood induction to take place.
Third,
instructions
may
not
have
been
stress-inducing,
or
ego-involving thus making subjects less vulnerable to the
short-exposure of negative material.

conclusions
Overall trends suggest that performance may be able to
be effected by task interfering and facilitating statements.
The relationship between cognitive interference, physiology
and mood is still unclear.
The lack of clear-cut findings
may have been related to insufficient time for mood
induction or a lack of evaluative stress.
A method overcoming this difficulty would be to allow a
greater amount of time for the incubation of anxious mood,
and a greater emphasis upon evaluation to increase the
This may then produce the
stressful nature of the task.
expected physiological mood and performance changes.
An
alternative approach could be to remove the expectation of
anxiety (by decreasing physiological arousal). If cognitive
interference is related to physiological arousal, such that
intrusive thinking is triggered or maintained by arousal,
The latter
the report of this variable should decrease.
paradigm has been used in the next study to examine this
possibility.
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CHAPTER SEVEN
INTRODUCTION: STUDY SIX

In Study three,
findings suggested that high test
anxious individuals may be less susceptible to distraction
by stimuli irrelevant to the task under conditions of
reduced
arousal.
This
that
raises
the
possibility
decreasing arousal may make high test anxious subjects less
distracted by additional material presented in a task, about
the task and themselves.
A result of this may be an
improvement in task performance and a decrease in the
cognitive interference reported by these individuals.
An implication of this suggestion is that it is
excessive arousal which initiates changes deleterious to
task performance in test anxious subjects.
The research
investigating excessive arousal in anxiety and test anxiety
is reviewed below.
Investigations of Physiological Changes in Anxiety
In
the
investigation
of physiological
changes
in
anxiety, two major research strategies have been employed.
The first seeks to compare individuals suffering from
anxiety with their non-anxious counterparts to determine if
reliable differences exist between these groups.
For
example in anxious patients, physiological overactivity has
generally been shown in cardiovascular indices (Bond et al.,
1974;
Lader and Wing, 1966;
White and Gildea, 1937),
electrodermal indices (Bond et al., 1974;
Gilberstadt and
Maley, 1965; Horvath and Meares, 1979; Lader et al., 1967;
Lader and Wing, 1966;
Odegaard, 1932;
Raskin, 1975) and
respiratory indices (Coppen and Mezzey, 1960;
Lande, 1982;
May, 1977;
starbeck, 1970), when compared to nonanxious
controls.
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Differentiating
anxious
individuals,
who
are
not
pathologically so, from nonanxious individuals has proven to
be more challenging, with results which are far from
clear-cut.
Some studies find differences between trait
anxiety groups on the basis of physiological indices (Degood
and Redgate, 1982;
Katkin, 1966; Kelly, Brown and Shaffer,
1970) while others do not (Hodges, 1968;
Hodges and
Spielberger, 1966;
Holroyd et al., 1978;
Kelly et al.,
1970; Montgomery, 1977). This lack of clear results can be
attributed to a
number of factors.
Anxiety can vary
greatly from moment to moment in individuals ( Sartory and
Lader, 1981).
The laboratory situation may be as likely to
induce anxiety in those who are not typically anxious as
those who are since it is outside the range of experience of
both groups.
These factors could greatly diminish between
subject differences.
to
counter
such
Another
approach
which
attempts
difficulties, uses the induction of a state of anxiety by
presenting subjects with anxiety-provoking, stressful or
approach
has
shown
that
such
noxious
stimuli.
This
stimulation can produce increases in autonomic variables
such as heart rate (Epstein and Clarke, 1970;
Epstein and
Roupeman, 1970;
Fenz and Epstein, 1967;
Fenz and Jones,
1972;
Hickam et al., 1948;
Lichstein and Lipshi tz, 1982;
Penzien
et
al.,
1982;
Smith
and
Wenger,
1965),
electrodermal activity (Epstein and Clarke, 1970;
Epstein,
Rosenthal and Szipler, 1978;
Epstein and Roupeman, 1970;
Katkin, 1966;
Kilpatrick, 1972;
Kimmel and Bevill, 1985;
Miller and Shimovonian, 1965) and respiration (Bechbache et
al., 1976;
Jong et al., 1975;
Fenz and Jones, 1972;
Garssen, 1980; Salter et al., 1976; Suess et al., 1980).
Further studies have shown that individuals who are
anxious show higher levels of physiological responsivity to
stressors
and
threatening
stimuli.
Heart
rate,
electrodermal and respiratory changes can be seen for
example in response to phobic or potentially phobic stimuli
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(Craighead,
1971;

1973;

May,

Hare, 1973;

1977;

Ohman

Lande, 1982;

et

Marks et al.,

al., 1974;

Sartory, 1986;

watson, Gaind and Marks, 1974).
Despite
anxious

the

and

lack

nonanxious

anxiety-provoking
physiological
objective

of clear

differences between

groups,

stimuli

activity.

stressful,

do

that

associated

many

These changes can be

seen both in

of

with

the

measurement,

anxiety

somatic

are

in

symptoms

produced

system

Experiments which

and

Kopin (1980; 1984)

cardinal

sympatho-adrenal-medullary
catecholamines.

or

heightened

report of physical symptoms.

suggests

noxious

produce

electrophysiological

subjective

trait

by

discharge

of

infuse epinephrine

and

norepinephrine lend some weight to this assertion.
Adrenergic Agents and Physiological Arousal
Frankenhauser

and

Jarpe

epinephrine/norepinephrine
minutes)
blood

found

no

mix

change in

(1962)
(0.28mgs

pressure (BP) fell and systolic

palpitations

were

restlessness,

apprehension

over

actual HR,

reported

by

and

an

using
36

to

41

though diastolic

BP rose. Tremour and
most

subjects,

tension reported

with

by about

half.

In a subsequent study, Frankenhauser and Jarpe (1963)

using

a group of medical students,

rise

produced tachycardia, a

in systolic BP and a fall in diastolic BP following an

epinephrine

infusion.

relationship

between

physiological

There

was

self-rating

arousal.

The

however
of

no

anxiety

subjective

systematic
and

ratings

actual
declined

steadily as the infusion proceeded.
Schacter

(1966) and Schacter and Singer (1962) used the

injection of small doses of epinephrine to elicit heightened
states

of

arousal

in

subjects

who

were

differentially

informed of its effects and then exposed to differing social
settings.
though

All

subjects

reported

subjects not informed of the

increases

in

arousal,

effects of epinephrine
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had

more emotional

could

experience than

appropriately

arousal.

attribute

Christianson

double-blind,
(0.007mg/kg)

causes

of

Mjorndal

who

physiological
(1985)

in

a

placebo controlled study injected epinephrine
or saline in 40 undergraduate students, before

subjecting

them to

Though

significant

no

and

informed subjects

performance

a recall

between

recognition

differences

the

were

two groups.

conditions,

self-report

recognition memory

actual

of arousal increased

paradigm.

found in

In both

autonomic

memory

recall and

arousal

in the epinephrine

and
group

only.
Frankenhauser
of

(1980) has made an

the sympathetic nervous

the

system and its

perception of emotional

work

relationship to

arousal in humans.

she has concluded that

(SAM)

extensive examination
From this

the sympatho-adrenal-medullary

system will be activated if an

event is perceived by

the individual as emotionally arousing, whether that emotion
is pleasant or unpleasant.
is

not

simply

perception
longer
the
by

related to

of the stimulus

the number

of exposures;

must change, so

SAM system will be activated by

the

that it is

regarded as arousing (Frankenhauser, 1980).

no

Further

novel stimuli, but not

"usual" stimuli. Thus Frankenhauser (1980) suggests that

there

are distinct and

precede
the

The attenuation of this response

necessary cognitive processes

the release of catecholamines:

distinction

of

usual

from

that

(a) perception, (b)

novel,

and

(c)

the

First,

the

consideration of whether it is emotionally arousing.
These
infusion

studies

highlight

two

factors.

of epinephrine appears to produce a "cold emotion"

in which subjects complain of the somatic aspects of anxiety
without its affective components (Wamboldt and Insel, 1988).
Second,

the behavioural effects of a drug reflects not only

pharmacology,
situation

made

but also the cognitive
by

the

individual

Schacter and Singer, 1962).

interpretation of the
(Frankenhauser,

1980;
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in
research
problem
this
type
of
is
that
pharmacological substances may act on many structures, with
disparate physiological functions, hence controlling the
site of action is a major concern.
The field of adrenergic
pharmacology has been advanced greatly by the recognition of
selective agents that bind with high affinity to receptors
(Wamboldt and Insel, 1988).
Four classes of adrenergic
receptors have been found:
alpha-1, alpha-2, beta-1 and
beta-2 receptors.
A

Adrenergic agents have been found to consistently cause
the autonomic signs and physical symptoms associated with
anxiety.
For
example,
yohimbine
hydrochloride,
an
antagonist for alpha-2 receptors, produces increased report
of
anxiety,
HR,
BP,
perspiration,
piloerection
and
3-methoxy-4-hydroxyphenylethylene-glycol
(MHPG
a
metabolite of norepinephrine), in both patients (Charney and
Heninger, 1985a, 1985b; Charney, Heninger and Breier, 1984;
Garfield, Gershon, Sletten, sundland and Ballau, 1967;
Holmberg and Gershon, 1961; Ingram, 1962; Uhde, Boulenger,
Jimersen and Post, 1984) and normal subjects (Charney,
Heninger
and Redmond,
1983;
Henauer,
Gillespie
and
Hollister, 1983). In recent studies panic has been reported
by patients but not normals (Charney and Heninger, 1985a,
1985b; Charney et al., 1984; Uhde et al., 1984).
Similarly, isoproterenol hydrochloride (an agonist for
the beta receptors) also produce anxiety states.
Studies
utilizing this anxiogenic drug have in the main compared
anxiety patients with nonanxious controls.
Patient groups
report fatigue,
chest pains, palpitations, anxiety and
breathlessness (Boudoulas, King and wooley, 1984).
In
addition tachycardia, increased growth hormone, cortisol
epinephrine and norepinephrine can be seen (Frohlich, Tarazi
and Dustan, 1969;
Nesse, Cameron, Curtis, McCann and
Huber-Smith, 1984).
Some studies have elicited panic in
panic patients following isoproterenol infusion though not
Pohl,
Freedman,
Frohman,
controls
(Rainey,
in normal
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Ettedgui

and

Williams,

Knotter,

Freedman

and

1984;

Rainey,

Ettedgui,

Pohl,

1984).

Williams,

The

symptoms

following isoproterenol administration appear to be mediated
by

the beta-adreneregic receptor,

as they are

reversed by

the beta-adrenergic receptor antagonist, propranolol (Easton
and Sherman, 1976;

Frohlich, Tarazi and Dustan, 1969).

Beta Blockade and Anxiety
Beta
the

blockade has been used

extensively to investigate

somatic symptoms and peripheral

since

it

has

been

emotional

stress

receptors,

while

recognized
is

mechanisms in anxiety,

that

tachycardia

predominantly

tachycardia

due

mediated

to

due
by

physical

to
beta

exertion

results from the somatomotor links via vagal innervations of
the

heart (Obrist, 1981;

al.,

1970;

Obrist

beta-blocking

et

Obrist
al.,

et al., 1974;
1969).

As

Obrist

a

components suppress the former,

et

consequence
but are less

effective with the latter (Imhof and Brunner, 1970).
Tyrer

(1976) examined the

psychophysiological
of

anxiety.

were

corroborate
beta-blockade
1972;

in

the

HR

results

useful

in

measures changes most

and

tremour.

of

many

1966;

Hollister,
1976;

Imhoff

1978;

et

studies

1981;

al. 1969; Nakano,

Siitonen and Janne,

Tyrer and Lader,

1977;

In

1973).

Tanna, Pennigroth and Woolson,

Tyrer's

(1976)

unaffected,
symptoms

such

as

the

concurs with

find

(Brewer,

Gillespie and
Suzman, 1971,

Kathol et al.,

1977;

feelings

palpitations,

This also

which

somatic sensations

except in certain patients

disturbance.
state

study

findings

Taylor, Harrison and

are also reduced (Fonte and Stevenson, 1985;
1980;

noted

Granville-Grossman and

Taggart and Carruthers, 1972;

Turner,

These

alleviating tachycardia

Bonn, Turner and Hicks, 1972;

Turner,

on

measures, somatic feelings and feelings

On physiological

reductions

effects of beta-blockade

of

Tyrer, 1976).
anxiety

were

with marked somatic
or

gastrointestinal

other findings

that

anxiety and psychological symptoms of anxiety are not
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significantly
altered
using
beta-blockade
(Fonte
and
Stevenson, 1985;
Granville-Grossman and Turner,
1966;
Nakano, Gillespie and Hollister, 1978;
Stone, Gleser and
Gottschalk, 1973;
Tanna, Pennigroth and Woolson, 1977;
Taylor, Harrison and Turner, 1981).
Though this result is
disputed by some, it is surprising that beta-blocking drugs
have gained the reputation for anxiety reduction, since
controlled studies find it has little effect on the report
of the emotion in most cases.
Subjects receiving anxiogenic adrenergic agents may
experience fear and anxiety, but as Schacter and Singer
(1962) demonstrated, euphoria can also be experienced,
dependent on expectation and environmental setting.
It has
thus
been
suggested
that
adrenergic
agents
may
be
responsible for a general state of arousal, vigilance and
activation (Wamboldt and Insel, 1988).
Beta-adrenergic
blocking agents then influence this general state of
arousal, rather than the emotion of anxiety.
Cognition, Arousal and Anxiety
The general state of arousal has been thought to
influence the cognitive activity seen in anxiety.
It has
for example been proposed that autonomic arousal may
stimulate the development of fearful thoughts during anxiety
states, this in turn may facilitate the return of fear on
subsequent occasions (Craske and Rachman, 1987).
Earlier,
it had been suggested that high levels of autonomic activity
and feelings of apprehension produce cognitive rumination
and activate error tendencies that disrupt performance in
test anxious subjects (Spielberger, Anton and Bedell, 1976).
Further, the persistence of intrusive thinking, and the
exaggeration of danger, are thought to be related to arousal
(Beck, 1985; Edwards and Dickerson, 1987).
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It is being increasingly recognized that there is a link
between

bodily sensations and cognitions.

this

is varied.

been

found to produce changes

(May,

1977;

Rogers

Differing types

May and Johnson, 1973;

and

relaxation

of self-statements

Johnson

have

in physiological respnsivity

and Craighead, 1977;

Peveler

The evidence for

Rim and Litvak, 1969;

Russell and Brandsma,

(1986)

examined

effects

of

on arousal reduction and cognitive content.

The

authors

found that relaxation did reduce

arousal

reduction

was

accompanied

by

the

1974).

arousal, and that
a decrease

in the

Levitt and Lopatha

(1987)

accessibility of negative cognitions.
Rachman
found

(1987) and Rachman,

some

evidence

for

the

symptom-cognitive

link.

Claustrophobic subjects for example, report the cognition of
"suffocation"

in

shortness

breath.

of

association

with dizziness,

choking and

Panic-disorder patients

report the

cognition of "passing out" in association with palpitations,
dizziness

and

non-cognitive
proposes

of

panic attacks

breath.

in this

group.

their

bodily

sensations.

too regard the physiological

anxiety

to be connected

content

of

"do

(sympathetic)
coping

There

were

Clark

no

(1986)

that panic occurs when the person catastrophically

misinterprets
(1985)

shortness

system,

responses.

helpless;
anergic

In

contrast,

a

immobility

stereotypic

the

energic

array of

cognition

active
of

"I'm

activates the atonic,

system

response

Emery

the cognitive

the tonic,

wide

there's nothing I can do"
(parasympathetic)

Thus

activates

providing

and

symptomatology seen in

to cognition.

something"

Beck

which

when active

provides

a

coping would

increase the danger (symbolic or actual).
Aims of Study Six
It is feasible then that a relationship albeit a complex
one,

exists

cognitive

between
factors

beta-blockade

the
in

general
anxiety.

state
No

to control some aspects of

of

arousal

study

and

utilizing

the general state
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of arousal, has yet examined its effects on the cognitive
aspects of anxiety such as cognitive interference, worry or
the responsiveness to positive and negative self-statements.
The
aim of this study therefore
is to examine the
relationship between arousal reduction and the impact of
positive
and negative
statements
on self-report and
performance.
The hypotheses concerning this study are:
1.

2.

3.

4.

5.
6.

7.

there
will
be
a significant
difference between
propranolol and placebo subjects on HR at pretask and in
task performance.
there will be no difference between propranolol and
placebo groups on measures of state anxiety at pre- and
posttask.
there
wil
be
significant
difference between
a
propranolol
and
placebo
subjects
on
cognitive
interference report in the TIS condition.
there
be
difference between
will
a significant
propranolol and placebo subjects on report of physical
symptoms.
placebo subjects will show greater SRL decreases than
propranolol subjects in the TIS condition.
propranolol
subjects will
rate task
facilitating
statements
as more typical of
normal performance
cognitions,
and placebo
subjects
will rate task
interfering statements as more typical.
there
will
be
a significant
difference between
propranolol and placebo groups in performance on Raven
Matrices.
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METHOD
OVERVIEW AND DESIGN

A 2 x 2 between-subjects design was used, wherein high
test anxious subjects were randomly assigned to propranolol
or placebo groups and then placed into either a task
interfering
statement
or
task
facilitating
statement
condition.
subjects attempted to complete 18 Raven's
matrices in 20 minutes.
Each matrice was accompanied by a
particular statement. HR and skin resistance measures were
taken during performance. Subjects also completed posttask
questionnaires to evaluate their mood, level of cognitive
interference, symptom report and typicality of statements
for normal task cognitions.
SUBJECTS

Thirty subjects were selected from administration,
health education, sports management, and nursing students
from the Canberra College of Advanced Education and students
referred from the Australian National University student
health service.
All subjects were high anxious.
This was
the same sample group used in a previous experiment (see
Chapter Four, pp.l23-124 for details).
APPARATUS

Task materials and physiological recording apparatus
were the same as used in Chapter Six (see p.l92, for
details).
PROCEDURE

All subjects were tested individually.
The purpose of
the experiment was explained to the subject which was to
"examine the effect of beta-blocking drugs on puzzle
performance to see if it improves performance".
This
experimental procedure was identical to the one described
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earlier (see Chapter Six, pp.192-193), with the exception
that subjects had 20 minutes to complete as many matrices as
possible.
RESULTS
SELF-REPORT MEASURES

Pre- and posttask ratings of state anxiety in the task
facilitating statement (TFS) and task interfering statement
(TIS) conditions for propranolol and placebo groups can be
seen in Table 7.1.
Table 7.1.

Mean Pre- and Posttask State Anxiety for Drug
Groups and Statement Conditions

statements:
T-ask In-terfering
Groups:
Propranolol
Placebo

TasK Facilitating
Propranolol
Placebo

Pretask

41.63

32.63

31.86

39.71

Post task

42.00

44.00

41.43

47.29

A 2 (drug groups) x 2 (statement conditions) x 2 (task
phase) repeated measures multivariate analysis of variance
was used to analyse the mean state anxiety data (complete
MANOVA and ANOVA tables for all self-report data can be seen
in Appendix Fl to F3).
MANOVA revealed no significance
between

subjects' main effects for drug

group or statement

type. Within-subjects analyses indicated that state anxi~ty
scores
increased significantly during task performance
[F(1,26) = 16.46, p=O.OOOl]. There were no significant
interactions.
Propranolol subjects recorded the lowest
anxiety rating at posttask in the TFS condition.
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The
the

mean scores for

propranolol and placebo

TFS and TIS conditions for

cognitive

groups in

posttask questionnaires for

interference and physical

symptom report can

be

seen in Table 7.2.
Table 7.2.

Mean Self-Report on Posttask scales for
Propranolol and Placebo Groups in Statement
Conditions

Statements:
Task Interfering
Groups:
Propranolol
Placebo

Task Facilitating
Propranolol
Placebo

Cognitive
Interference

29.50

32.75

31.29

33.14

Physical
Symptoms

22.00

22.63

21.43

33.29

A

2 x 2 (drug groups x statement condition) analysis of

variance
groups

revealed no
or

cognitive
levels

for

significant

statement

interference.

in

both

differences between drug

conditions
Placebo

statement

for

the

report

subjects reported

conditions.

Using

a

of

higher
similar

analysis, report of physical symptomatology revealed a trend
toward
p=0.09]

significance due

to propranolol

produced by a marked increase

[F(l,29) =

2.919,

in symptom report by

placebo subjects in task facilitating statement conditions.
The
the

mean scores for propranolol and placebo subjects in

TIS and TFS conditions for ratings

facilitating
experienced
Table 7.3.

and interfering

statements

of how typical task
are of cognitions

in normal performance situations can be seen in
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Table 7.3.
statements:
Groups:

Mean Rating of Typicality for TIS and TFS,
Propranolol and Placebo Subjects
Task Interfering
Propranolol Placebo

How typical are:
task interfering
statements
task facilitating
statements

Task Facilitating
Propranolol
Placebo

5.61

5.60

4.44

4.50

6.03

5.36

7.39

4.99

A 2 (drug groups) x 2 (statement conditions) analysis of
variance found a significant difference between propranolol
and placebo subjects on the typicality rating of task
facilitating statements (F(1,29) = 6.076, p-0.020].
There
were no drug group differences for the typicality rating of
task interfering statements.
PHYSIOLOGICAL VARIABLES

The mean heart rate (HR) for a 30 second sample in each
statement category and at pretask for propranolol and
placebo groups can be seen in Table 7.4.
Analyses of
variance are also presented.
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Table 7.4. Mean HR (30 second sample) for Statement
Categories and Drug Groups
Groups:

·Propranolol
(n=l5)

Placebo
(n=15)

F

Pre task

34.09

38.36

3. 7 8 7+

Task Interfering
1. Task Difficulty
2. Self Deprecation
3. Time Pressure
4. Thinking Difficulties
5. Avoidance

34.38
34.67
34.63
32.13
36.17

37.69
37.63
38.56
38.08
38.25

l:iH~

33.05
83.43
33.19

38.10
36.98
38.52

Task Facilitating
1. Positive Ability

2. Task Focus
3. Relaxation
+ p< 0 .1

3.160

tHr

• p<0.05

Pretask HR measures for propranolol and placebo groups
approach being signi fi can tly different.
During task
performance there were consistent significant differences
between drug groups on HR measures.
Only two categories
failed to produce significant differences.
A
2 (drug
groups) X 2 (statement conditions) analysis of variance
showed that there was no significant main effect for
statement type, but a significant main effect for drug group
[F(1,29) = 4.849, p=0.037; for complete ANOVA tables for all
physiological variables see Appendix F4 and F5].
The mean changes in skin resistance level (SRL-ohms) in
the first 30 seconds of each matrice in all statement
categories for propranolol and placebo groups can be seen in
Table 7.5.
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Table 7.5.

Mean SRL Changes in Statement Categories,
Propranolol and Placebo Groups

PropranoiOI

Placebo
(n=15)

F

Task Interfering:
1. Task Difficulty

-3578.13@

-1328.13

0.690

2.
3.
4.
5.

-2626.56
-3321.87
-1943.75
-2325.00

+6503.13
+31006.25
-4499.17
-1100.00

3 .138+
4.604.
0.015
0.510

-9877.62
-16366.91
-4382.38

-2030.95
-2438.10
-3145.34

0.692
2.858
2.835

Groups:

(n=15)

Self Deprecation
Time Pressure
Thinking Difficulties
Avoidance

Task Focusing:
1. Positive Ability
2. Task Focus
3. Relaxation

@negative change indicates a decrease in SRL and increase in
arousal
+p<O.l

•

p<0.05

produce
Individual
did
not
statement
categories
A 2
consistent significant differences on SRL changes.
(drug groups)
x 2 (statement conditions)
analysis of
variance however revealed there was a significant main
effect for drug group [F(l,29) = 4.632, p=0.041] and for
statement types [F(l,29) = 4.328, p=0.047].
There was no
significant
interaction
term.
Propranolol
subjects
generally had greater SRL decreases than placebo subjects
and TFS produced greater SRL decreases than TIS condition.
PERFORMANCE ON MATRICES

The
percentage
of
matrices
correctly
solved
for
statement categories and propranolol and placebo subejcts
can be seen in Table 7.6.
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Table 7.6.

Percentage of Matrices Correctly Solved for
Propranolol and Placebo Groups

Groups:

Propranolol
(n•15)

Placebo
(n•15)

Task Interfering Statements

39.58

30.25

Task Facilitating Statements

40.50

19.79

A 2 x 2 (drug groups x statement conditions) analysis of
variance
(see
Appendix
F6)
produced
no
significant
differences between statement categories or drug groups on
performance of matrices.
Generally, propranolol subjects
solved more matrices correctly than placebo subjects.
DISCUSSION

This study examined the effects of task facilitating and
task interfering statements on performance and self-report
measures following beta-blockade.
HR was significantly
decreased following the administration of propranolol, in
the drug group.
State anxiety measures were uneffected by
propranolol, and both the drug group and placebo group
experienced significant increases in anxiety over the course
of the experiment.
Cognitive interference measure did not
produce differences between groups, while symptom report
eleva ted in the TFS condition for placebo subjects only.
There were
no
significant differences
on
performance
measures, though the propranolol group did correctly solve
more matrices than placebo.
Finally, the propranolol group
rated task facilitating statements as being more typical of
normal task cognitions than placebo subjects despite both
subject groups being high test anxious (HA).
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HR and Propranolol
The

hypothesis

differences

that

there

would

be

significant

between propranolol and placebo groups on HR at

pretask and during task performance was partially supported.
Propranolol

subjects

difference
During
HR

between

had
drug

a

lower

the

significance.

of statement category.

was expected since beta-blockade is most noted for its

within

the

Hicks,

1972;

al.,

of tachycardia, which is
literature
Nakano,

same task with no
6, p.195).

were also

(between
it
were

told

Overall,
least

1978;

Taggart and
Tyrer

the HR of HA

Though this

anxiety

they

(see

may or

some of the

of

the previous sample

is far from conclusive,
reductions

amelioration, since
may not

the decreases in HR

in

general

in

all subjects
active drug.

can be taken to

mean that at

beta-adrenergic influences on

in

HR

receive the

have been successfully blocked.
reduction

subjects engaged in

below that of

possibility

of

beta-blockade are between

The HR levels of placebo subjects (also

slightly

the

anticipation

Imhoff

expectation of anxiety control

6 and 8bpm).

raises

Hollister,

and

Tyrer, 1976).

and 18bpm slower than

HA)

and

1966;

Suzman, 1971, 1976;

HR levels in response to

Chapter

Bonn, Turner

Taylor, Harrison and Turner, 1981;

and Lader, 1973;

the

1972;

Gillespie

and Janne, 1977;

Carruthers, 1972;

The

(Brewer,

a consistent finding

Granville-Grossman and Turner,

1969;

Siitonen

14

pretask;

task performance, propranolol had consistently lower

amelioration

et

at

groups approaching

to placebo subjects irrespective

This

some

HR

the heart

This in turn indicates that

autonomic

activity

has

been

achieved.
Self-Report and Propranolol: State Anxiety
Adrenergic
somatic

agents are known to produce increases in the

signs

measurement,

are

of

anxiety

distinguished

which,
from

with
a

appropriate

general state

of
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anxiety (Kopin, 1980; 1984;
Wamboldt and Insel, 1988).
Hence they influence a general state of arousal.
Similarly
beta-adrenergic blocking drugs are known to reduce the
somatic signs of anxiety while not influencing the report of
state anxiety (Fonte and Stevenson, 1985; Granville-Grosman
and Turner, 1966;
Nakano, Gillespie and Hollister, 1978;
Stone, Gleser and Gottschalk, 197 3;
Tanna, Pennigroth and
Woolson, 1977;
Taylor, Harrison and Turner, 1981;
Tyrer,
1976).
Propranolol is thought to influence anxiety report
only in
those
individuals with predominantly
somatic
concerns (Tyrer, 1976).
It was therefore predicted that there would be no
differences between propranolol and placebo subjects on
state anxiety at pre- and posttask.
This was supported,
despite
substantial
reductions
in HR
for
propranolol
subjects.
Thus a reduction in the general state of arousal
does not appear to influence anxiety.
While it could be
argued that dosage levels ( 40mgs) were not sufficient to
influence emotion, other studies using substantially larger
doses have found similar results (Granville-Grossman and
Turner, 1966 - 80mgs daily over one week; Ramsey, Greer and
Bagley, 1973- 160mgs daily over one week).
A second hypothesis predicted that there would
significant
increase
in
state
anxiety
during
performance. This was also supported.

be a
task

Stone, Gleser and Gottschalk ( 1973) administered to 24
male undergraduates, 60mgs of propranolol or placebo in
divided doses in the 12 hours preceding their participation
in experimental procedures.
The propranolol
subjects
reported significantly less state anxiety at pretask.
Following
experimental
procedures,
subjects
stressful
State anxiety levels following the
underwent an interview.
interview were found to be comparable in both groups. This,
despite significantly lower HR in the propranolol subjects
Thus the significant
at the termination of the interview.
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reduction
not

in HR maintained throughout

task performance was

expected to retard report of state

of

an

evaluative

Anxiety
and

stressor,

which

report then appears to be

perhaps more to

anxiety in the face

it

clearly

did

not.

less related to arousal,

evaluative stressors and/or

cognitive

factors in anxiety.
Cognitive Interference
It

was

predicted

significantly

that placebo

subjects would

more cognitive interference

subjects,

and that this report would be

condition

than the TFS

Placebo

subjects

interference

condition.

did

report

report

than propranolol
greater in the TIS

This was

marginally

not suported.
more

cognitive

than propranolol subjects, though reports were

highest in the TFS condition.
Spielberger,
high

levels

rumination.
have

of

autonomic

significantly
not

influenced

produce

cognitive

the

report

of

cognitive

Perhaps the reductions in autonomic activity

sufficient

activity.

activity

had proposed that

The reduction of HR however does not appear to

interference.
were

Anton and Bedell (1976)

to produce

a reduction

in cognitive

An alternative explanation could be that for high

anxious individals cognitive self-preoccupation has become a
habitual

cognitive

arousal

to

engender

eliminate it.
cognitive
under

style
it,

which

no

or

reduction

a

longer needs

extreme

in arousal

to

This is reflected in the finding of increased

interference in

differing

task

highly

conditions

Sarason and Sarason, 1987;

test anxious individuals
(Sarason,

1984,

1978;

Sarason and Stoops, 1976).

There were also no differences in placebo or propranolol
group

report of cognitive interference in the two statement

categories.
arousal

Peveler

reduction

accessibility
propranolol

was

and

Johnson

accompanied

of negative

(1986)
by

cognitions.

had noted

decreases

in

that
the

This suggests that

subjects, experiencing significant decreases in
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HR in the task facilitating statement condition where task
focused and positive cognitions are present, may respond
with less cognitive interference.
Statement categories did
not appear to have any impact on report.
Two explanations
present themselves:
that again, cognitive interference is a
habitual cognitive process which no longer requires an
autonomic trigger and thus acts somewhat independently; or,
that the
statement induction procedure did not allow
sufficient time for the maximum impact of statements to take
effect. Nevertheless the findings would seem to support the
proposition that cognitive and physiological responses in
anxiety are separate domains of symptomatology and thus are
independent treatment targets (Ellis, 1979;
Meichenbaum,
1977) .
Symptom Report
It was expected that symptom report for propranolol
subjects would be significantly lower than placebo subjects,
and that this difference would be greatest in the TIS
condition.
Results were contrary to expectation.
Placebo
subjects only reported significantly greater symptomatology
in the TFS condition.
The symptom report for propranolol
subjects was virtually identical across conditions.
These paradoxical results indicate that in the condition
which was designed to be the more stressful, and least
task-focusing,
placebo
subjects
reported
similar
symptomatology to propranolol subjects. The condition which
was supposed to be least stressful and most task-focusing
produced a dramatic increase.
A decrease in symptom report following beta-blockade is
an expected action of this drug, since it primarily effects

the somatic symptomatology of anxiety.

Decreases in symptom

is a common finding (Fonte
Tanna,
1980;
and Stevenson,
1985;
Kathol et al.,
The
Penningroth and Woolson,
1977;
Tyrer,
1976).
report

following

beta-blockade
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maintenance of a level of symptomatology across conditions
for propranolol subjects would seem to indicate the effect
of beta-blockade on peripheral symptomatology.
The dramatic increase in symptom report in the TFS
condition for placebo subjects is puzzling.
Perhaps the
presence of
statements
in
this
condition
emphasizing
relaxation
directed
subjects'
attention
toward
their
physical state.
The TIS condition has by contrast only one
statement emphasizing physiological concerns, and thus may
not have directed attention in that direction.
Skin Response Data

Skin resistance level (SRL) is thought to reflect
cognitive rumination,
rather than overall physiological
arousal (Davidson, 1978).
Highly test anxious individuals
have shown the tendency to engage in self-preoccupied,
ruminative thinking while engaged in an evaluative task
(Sarason
and
Sarason,
1987).
Therefore
one
might
intuitively expect that HA subjects have lower levels of
skin resistance (indicating higher activation), and show
greater changes in response to negative task and self
statements.
It was hypothesized that placebo subjects would show
greater SRL decreases than propranolol subjects and that
this difference would be greatest in the TIS conditon. This
hypothesis was not supported.
In fact, the propranolol
group showed the greatest decrease in SRL in response to the
matrices and statement, and this change was greatest in the
TFS condition.
Thus if Davidson (1978) is correct in the
assumption
that
SRL
reflects
cognitive
rumination,
propranolol subjects had more cognitive activity in the TFS
condition.
Cognitive interference levels in this condition
were
comparable
to
placebo
subjects.
A substantial
difference arises however between drug groups on the number
of matrices correctly solved.
If the SRL changes reflect
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not

only

self-preoccupative

thinking, but

also cognitive

processing of task stimuli, the differences may be accounted
for

by

the

subjects

fact

that

correctly
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TFS condition

more

propranolol

matrices
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rate
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subjects.
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who
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interfering

be true for placebo
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exercise,
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following a
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irrespective of the statement condition they received during
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experiment.
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Placebo

support
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category.
for

negative

Peveler

The

propranolol

rate

task

very similar in

These
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results
Johnson's

may

ratings for this
be
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(1986) findings

as
that

group

may

statements

feelings

of

statements
decrease

cognitions,

HR
reductions seen in
the
have influenced the ratings of

significant

positive

consistent

not

cognitions are not as easily accessed in a relaxed

state.

a

did

statements as more typical, in fact propranolol

placebo groups

statement

subjects

about

relaxation,
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remains the same.
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arousal
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somatic
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their ability,
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not
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negative

thoughts more

relaxation.
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process is presumably the same one that associates certain
cognitions with various symptom clusters (Rachman, 1987;
Rachman, Levitt and Lopatha, 1987).
Performance Measures

The performances of highly test anxious individuals are
thought to be disrupted by a number of factors.
Cognitive
theorists like Sarason (1984) regard task-irrelvant thinking
as a major factor in performance deterioration.
Other
theorists regard performance degradation to be influenced by
physiological arousal which changes cue utilization (Geen,
1980).
If arousal does play some part in the disruption of
performance, then it is expected that propranolol subjects
will show significantly better performance on Raven's
Matrices than placebo subjects.
There were no significant differences between groups or
conditions on performance.
Data indicate however that
propranolol subjects correctly solved substantially more
matrices than placebo subjects, in the TFS condition and
marginally more in the TIS condition.
This may indicate
that decreasing arousal but confronting subjects with
negative material produces only a slight improvement in
performance, attributable
to decreased arousal.
Decreased
arousal,
in
conjunction
with
positive
task
and
self-statements,
may
improve
performance,
since
these
counter the negative aspects of anxiety. A caution needs to
be added at this point.
The absence of true control groups
in which propranolol and placebo subjects receive no or
neutral statements in conjunction with the matrices makes
conclusions
about
the
true
impact
of
statements
on
performance difficult.
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Conclusion
While the significant decrease in HR for HA subjects
following
the
administration
of
propranolol
did
not
influence performance, or state anxiety, the propranolol
group produced two quite paradoxical reports.
On one hand,
propranolol
subjects
show
evidence
of
a
greater
accessibility of positive cognitions.
On the other,
cognitive interference,
typically seen in highly test
anxious individuals, did not decrease.
The latter perhaps
reflects the cognitive habit of HA subjects, while the
former the results of arousal reduction.
Arousal reduction
does not then of itself change cognitive rumination or
anxiety, but perhaps lays the foundation for such change to
take place.
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CHAPTER EIGHT
GENERAL DISCUSSION

Anxiety as an explanatory concept has been used in many
It can at one
theories of personality and psychopathology.
time be seen as a dispositional trait, an emotional state or
be used as an explanation for behaviour (Borkovec, Weerts
and Bernstein, 1977).
How ever it is used, there is
agreement among anxiety theorists as to the components of
the emotion of anxiety, namely, cognition, physiology,
subjective report and behaviour (Beck and Emergy, 1985;
Lader,
1983;
Lang,
1985) and though components are
sometimes
differently
named,
the
broad
symptomatology
remains the same.
While agreement exists on the components
of anxiety, the emphasis given to individual components
within an anxiety theory varies greatly.
In recent years
the debate has focused on the role of cognition and
physiology in anxiety.
Many studies have shown that pathologically anxious
individuals display heightened levels on physiological
indices such as heart rate, electrodermal activity and
respiration (Lader, 1975, 1983;
Lader and Wing, 1966;
Papillo, Murphy and Gorman, 1988;
sartory and Lader, 1981;
Weiner, 1985).
These indices are believed to be indicators
of the general state of arousal and thus led to the
conclusion that anxiety may primarily be the result of
hyperarousal.
This formed the basis of activation theory's
explanation of this emotion (see, Duffy, 1962). Arousal was
thought to have wide ranging effects including being
responsible for performance decrements due to alterations in
cue
utilization
(Easterbrook,
1959)
and
attentional
priorities (Kahneman, 1973). Since arousal and anxiety were
regarded as largely the same entity, anxiety
presumed to produce these changes in attention.

was

also
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This

was a particularly

anxiety

enticing explanation for
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the
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content
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anxious

individuals and the process of worry distinguish the anxious
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pathological or not.

worry

process

itself is

Thus the type of thoughts and
regarded as

pivotal in

maintenance of anxiety (Becket al., 1987;
In

Borkovec, 1985).

test anxiety too, conceptualizations

nature
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thoughts

performance
Sarason
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and
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cognitive
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expectations of

inadequacy and failure
of

thinking

regarding both the
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replaced arousal as an explanation for anxiety.

(1978)

content
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1971)

task difficulty,
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(Sarason, 1984).
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physiological sensations and irrelevant thoughts, and not
arousal per se, which is influencing cue utilization and
disrupting
task
performance.
The difficulties with this transition from arousal as an
explanation of anxiety, to cognition as an explanation of
anxiety, are threefold.
First, the relationship between
cognition and arousal

has not been explicated.

Replacing

one concept with another does not necessarily improve the
understanding of the role each component plays in anxiety.
Second, the self-report of physical symptoms is notoriously
inaccurate (Pennebaker, 1982), when compared to actual
physiological measures.
Yet cognitive theory relies almost
entirely on the self-report of cognitive content and
processes.
One might question whether the self-report of
cognition is any more accurate than the self-report of
symptoms.
Third,
arousal
is still being invoked
to
"explain" findings while primary causation is attributed to
cognition events.
This implicit assumption that arousal
does "something" undermines anxiety theory, since it is not
known how it does "something" or if it actually does!
This
problem arises since many studies which use the concept of
arousal to explain aspects of findings, do
objectively measuring arousal.
Thus
theheightened arousal in anxiety has persisted.

so without
concept
of

Aims of the Research
The

aim

of

this

research

was

to

address

this

third

aspect of the use of cognitive and arousal concepts in the
explanation of anxiety,
could

be

found

between

and to examine if any relationship
these

variables

in

test

anxiety.

Four aspects of current conceptualizations were examined.
First,

these studies sought to ascertain if differences

existed in physiological indices between high test anxious
(HA)

and

laboratory,

low

test

anxious

(LA)

subjects within
the
The concept of
following stress manipulations.
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trait anxiety would seem to suggest that those high in this
trait respond more frequently and with greater intensity to
stressful
stimuli,
thereby
creating
state
anxiety.
Spielberger (1985) posits that part of the state response is
autonomic arousal. The concept of test anxiety can also be
divided into trait and state components (Sarason, 1978).
Therefore autonomic arousal should be elicited following a
stress manipulation which emphasizes the evaluative nature
of the tasks to be completed.
The second aim was to examine if arousal alters the use
of information, both external task information, and internal
physiological sensations.
According to Wine ( 1971, 1980)
test anxiety alters the use of task stimuli by reducing cue
utilization and focusing attention to a greater degree on
internal stimuli.
Arousal then is another distracting
stimulus, and does not act upon the utilization of cues in
its own right.
1974;
Other theorists (see, Bacon,
Easterbrook, 1959;
Hockey, 1970;
Shapiro and Johnson,
watchel, 1967) assume that the changes in cue
1987;
utilization are a direct result of increasing physiological
arousal.
Thus it is unclear whether arousal or anxiety
produce the changes in the utilization of cues.
Third, the role of expectation of task difficulty was
examined in the performance and physiological responses of
HA subjects.
Poor performance for highly test anxious
individuals on
complex
task
in stressful
evaluative
(see,
Darke,
1988;
conditions
is
a
common
finding
Rocklin and Thompson,
Harleston, 1962;
Montague, 1953;
1985; Russell and Sarason, 1965). Sarason (1978) proposed
that an unrealistic and exaggerated expectation of the
difficulty level of the task was one of the cognitions
central to test anxiety.
Presumably this cognition would

also be prominent in eliciting state test anxiety.

Thus it

should lead to a performance deterioration for HA subjects.
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Sarason (1984) assumes that task irrelevant thoughts
(cognitive interference) are ontask manifestations of worry
and concern about the task and the person performing it.
He
proposes that cognitive interference is at the heart of
performance deterioration since it directs attention away
from vi tal task cues.
It is therefore part of the state
response to evaluative stress.
Autonomic arousal is also
proported to
be part
of
the
state
anxiety
response
(Spielberger, 1985), in fact arousal is believed by some to
trigger cognitive rumination (Spielberger, Anton and Bedell,
1976).
Sarason' s position on the role of arousal in the
production of cognitive interference has not been explicitly
stated. The final aim was therefore to examine the role of
task interfering statements in the development of anxious
mood, and their effect on performance and physiological
measures.

The

six

studies

addressed

these

four

core

questions.
Review of Studies
Study one was designed to examine attention allocation
changes to task stimuli in HA subjects.
was

to be

increases
heart

induced using evaluative
in

rate,

autonomic
skin
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resistance

instructions

which
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State test anxiety
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measured

respiration.

using

Easterbrook

(1959) and others had proposed that emotional arousal
altered cue utilization, while Wine (1971, 1980) suggested
that the self-preoccupied thinking of anxious individuals
altered

attention

by

reducing

the

number

of

task

cues

did

not

show

utilized.
Contrary

to

expectation

HA

subjects

increases in autonomic activity, while LA subjects did.
the
in
arousal
appeared
to
influence
This
increase
identification of stimuli with less primary and more
secondary

task

stimuli

being

correctly

identified.

Self-report measures of cognitive interference and tension
did not respond to the increase in arousal in LA subjects.

239

Rather
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with autonomic changes in response to evaluative
Further one could
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heart rate in response to performance in the laboratory.

in
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They
In study two, HA and LA subjects were compared.
did not differ significantly on physiological measures. The
heart
rate
estimation did however,
with HA
subjects
misperceiving their HR to a significantly greater degree
than LA subjects. Thus contrary to expectation, HA subjects
were not better visceral perceivers.
In fact for HA
subjects, estimation of HR appeared to be more related to
task
characteristics than to
actual heart
rate,
and
self-report of anxiety and symptoms was significantly
correlated with heart rate estimation rather than actual
heart rate, particularly in the third and most difficult
task.
Study three then examined the effects of arousal
reduction on attention to internal stimuli in HA subjects.
beta-blocking
drug,
Arousal
was
reduced
using
the
propranolol;
and propranolol
groups
were
and placebo
compared. All subjects were high test anxious. Propranolol
subjects had significantly lower heart rate throughout the
experiment when compared to placebo.
Propranolol did not
however have any effect on self-report measures, though
anxiety did increase significantly from pre to posttask for
both groups.
Arousal reduction did influence heart rate
estimation with propranolol subjects substantially more
accurate, and their estimations were considerably more
related to actual heart rate, than to task stimuli. Further
this influence may be independent of anxiety, since anxiety
ratings did not change significantly between the two
experiments for HA subjects.
Study
four
examined
the
relationship between
the
expectation of task difficulty, self-report, physiological
arousal and performance.
It has been a consistent finding
that HA individuals perform poorly on tasks under evaluative
stress when compared to LA individuals.
This is most
particularly the case when the tasks are difficult or
complex (see, Heinrich and Spielberger, 1982).
Sarason
( 1978) proposed that the exaggerated expectation of task

241

difficulty was one of
the
cognitions
typical
of
HA
individuals, which lead to the assumption that failure was
imminent.
It is thus the expectation of difficulty which
interfers with performance.
Further it has been shown that
expectations
about
physical
sensations
can
alter
the
perception of otherwise neutral stimuli
(Anderson and
Pennebaker, 1980), and that this expectation may be enhanced
Thus expectation may
by increased physiological arousal.
significantly influence self-report and performance in HA
subjects.
HA and LA subjects solved a set of anagrams which were
either
easy
or
hard.
Instructions
concerning
task
difficulty were not always congruent with actual difficulty.
HA subjects showed greater heart rate change than LA
subjects during the early stages of the task irrespective of
instruction condition. The greatest heart rate acceleration
occurred in the condition in which anagrams were actually
hard, but subjects were told they were easy.
Since this
response was in excess of that seen in the condition in
which expected and actual difficulty were congruent, this
increase could be interpreted as an anxiety response.
HA
subjects expected to be able to easily perform this task,
and discovered they could not do so.
Both anxiety groups
were influenced by expectation, solving more anagrams in the
expected easy condition and less in the expected hard
HA subjects'
condition, irrespective of actual difficulty.
performance however was more influenced by expectation than
LA subjects.
Self-report measures also elevated according
to expectation of difficulty.
This suggests that Sarason
(1978) may be correct in assuming that expectation of
difficulty may play a large role in the performance of HA
individuals in examination situations.
Studies five and six then examined the effects of task
interfering thoughts on mood and performance under differing·
arousal levels.
Subjects were asked to focus on task
interfering or facilitating statements while completing a
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set of Raven's Matrices.
Focusing on
rational
and
irrational belief statements has been found to influence
state anxiety (Rogers and Craighead, 1977;
Rosin and
Nelson, 1983).
Further self-statements have been found to
influence physiological change (May, 1977; May and Johnson,
1973;
Rim and Litvak, 1969;
Russell and Brandsma, 1974).
This can be seen as support for the role of cognition in the
aetiology of emotion, as proposed by Beck (1985) and
Borkovec (1985).
Cognitive interference is regarded as
central to test anxiety (Sarason, 1984;
Sarason and
Sarason, 1987; Wine, 1980).
It then follows that negative
statements about the task and the self would be more likely
to increase anxiety in the highly test anxious and influence
performance and physiological responsivity.
Study five found that cognitive interference and symptom
report elevated in the task interfering statement condition
when compared to the task facilitating statement condition.
Anxious mood report did not respond to the statement
manipulation.
There were no anxiety group differences on
physiology, self-report or performance.
In ratings of the
how typical statements were of usual performance cognitions,
HA
subjects
rated
task
interfering
statements
as
significantly
more
typical
than
task
facilitating
statements, irrespective of the statements received in the
actual experiment.
Study six, using propranolol to reduce sympathetic
arousal, and then examined the effect of task interfering
statement and task facilitating statement conditions on
performance, self-report and physiology following arousal
reduction.
All
subjects
were
high
test
anxious.
Propranolol significantly reduced heart rate in the drug
group when compared to placebo.
Peveler and Johnson (1986)
found that arousal reduction was accompanied by a decrease
in accesibility of negative
cognitions.
Ratings
of
typicality resulted in a significant increase, in rating of
task facilitating statements as more typical of task
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performance cognitions.
This would seem to support Peveler
and Johnson's (1986) findings.
There were however no other
significant
effects
in
self-report,
performance
or
physiology due to drug group or statement condition.
This
suggests that reductions in autonomic activity is not of
itself sufficient to decrease the self-report associated
with anxiety, or to significantly improve performance.
Major Conclusions

1.

2.

3.

4.
5.
6.

7.

8.

The broad results suggest the following:
the physiological activity of HA and LA subjects during
task performance is largely the same, though change in
physiological
indices
may
more
successfully
differentiate groups;
an
increase
of
autonomic
arousal
influences
the
utilization of cues in the task environment, and this
may act independently of the emotion of anxiety;
reduction of autonomic arousal makes HA subjects more
accurate in their autonomic perception, while increases
in autonomic arousal make the autonomic perception of HA
subjects less accurate and more related to task demand;
expectation of di ffi cul ty influences HA subjects to a
greater degree than LA subjects;
self-report of anxiety and physical symptoms is not
significantly related to actual physiology;
elevated cognitive interference is a consistent feature
of the report of highly test anxious individuals and
does not appear to be influenced by arousal reduction;
focusing on negative task and self-statements during
task performance is not sufficient to induce anxious
mood;
arousal reduction of itself does not significantly
influence
anxiety,
however
it
may
make
positive
cognitions more readily accessible in the HA individual.
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Taken together these results suggest a complex relationship
between physiology and cognition, which influences the
interpretation and utilization of physiological and task
stimuli in test anxiety.
These results conform with Sarason's (1978) view that
cognitive interference is a factor which differentiates the
highly test anxious from the low.
Further task difficulty
expectation as outlined by Sara son ( 1978) does appear to
play a large role in the performance of Hl\ subjects.
This
confirms the influence of definable cognitive content and
process factors in anxiety as described by Beck (1985) and
Borkovec ( 1985).
Their contention has been that there are
types of thoughts and varieties of thought processes which
are fundamental to the aetiology and maintenance of anxiety.
In test anxiety at least one type of thought influencing
anxiety
responses
in
evaluative
situations
is
the
overestimation of the difficulty of the task.
The type of
thought process which distinguishes Hl\ and Ll\ individuals
would then be cognitive interference.
This phenomenon is
presumably related to the negative thought intrusions which
are seen in individuals who are chronic worriers (Borkovec,
1985). worry and negative thought intrusions are thought to
incubate fear and anxiety since they do not permit effective
problem solving to take place.
Cognitive interference
presumably also leads to fear incubation.
Ineffective
problem solving may not be the only way it does so however,
since by directing attention away from the task, it brings
into reality one of the fears of the highly test anxious
individual,
namely
that
they
wi 11
not
be
able
to
successfully complete the task.
Performance deterioration
seen for HA subjects on complex tasks, clearly shows the
effect of this process.
Spielberger et al.
(1976)
proposed that autonomic
arousal and apprehension activate cognitive rumination and
error tendencies in performance. The lack of a relationship
between cognitive interference and physiological indices,
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and a failure of arousal reduction to make any impact on
cognitive interference cast some doubt on this notion.
The
fact that propranolol had no effect on task irrelevant
thinking may indicate that this process becomes habitual in
the
HA
individual
and
thus
acts
independently
of
physiological arousal.
It is still unclear whether an
initially heightened level of arousal
is
required
to
engender cognitive
interference,
or whether
at
higher
arousal levels this phenomenon becomes extreme.
Epstein ( 1972) and Wolpe ( 1973) have stated that test
anxiety and its effects are the result of high levels of
autonomic arousal in examination situations.
Certainly
exams
themselves
have
been
found
to
be
significant
stressors, but it is the relationship to anxiety which is
uncertain.
Arousal

does

appear

to

influence

the

utilization

of

stimuli and the accessibility of types of cognitions. Three
pieces of evidence in particular relate to this.
First,
increased physiological activity in LA subjects accompanied
an apparent change in the direction of attention in a dual
task paradigm.
LA subjects did not report a change in mood
or
anxiety-related
phenomena
in
association
with
physiological increases.
Results suggest there may be a
broadening
of
stimuli
attended
to,
to
include
more
peripheral stimuli, under increased arousal conditions.
This leads to the supposition that physiological arousal has
an effect on attention which is independent of an emotional
state.

While it may be that changes such as these are seen

in subjects who report anxiety, it is not the anxiety itself
which creates the change.
Second,

the

reduction

of

sympathetically-mediated

arousal in HA subjects made the perception of physiological
stimuli

more

accurate

and

less

related

to

task

stimuli.

Thus subjects were less distracted by the task, reducing the
distortion in physiological perception.

If arousal

has

a
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purely informational role in anxiety,
adding to the
intensity of experience, then the change information would
presumably
be
reflected
in
changes
in
self-report,
particularly of anxiety. Since none of the self-report
measures were significantly influenced by propranolol, one
could suggest that subjective ratings are not effected by
physiological events.
Thus the informational value of
arousal is in some doubt, and changes seen in the perception
of internal stimuli may be related to some intrinsic action
of arousal.
Third, the reduction of arousal via propranolol did
improve performance (though not significantly so) and
produced high ratings of typicality for positive cognitions,
in HA subjects.
All this, while the reported cognitive
interference levels remained high.
Thus despite task
irrelevant thinking, performance did improve and propranolol
subjects recalled more positive cognitions.
This suggest
that arousal reduction has an influence on cognition which
does
not
directly
attack
the
on-task
cognitive
manifestations of anxiety, but has a far more subtle effect.
If increases in arousal produces attention to a broader
range of cues then arousal reduction makes perception less
"cluttered" or influenced by demand chararcteristics, and
enables positive, facilitative cognitions to be more readily
available.
This in turn may lead to a more realistic
appraisal of stimuli, perhaps even threat stimuli, over
time.
The role of arousal in anxiety needs therefore to be
These results suggest a subtle influence on
re-examined.
perception and memory. Clearly the part of arousal in test
anxiety cannot be discounted, for while sympathetic arousal
may not directly impinge on the cognitive manifestations of
anxiety,
it may well contribute with biases in cue
utilization and recall of events and thoughts.
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The question then arises as to why LA subjects do not
experience the same deterioration of performance, since
arousal is presumed to act uniformly on all individuals, and
their physiological arousal has not been found to be
quantitatively different to that of HA subjects. The answer
may lie in the belief structures of the two groups.
HA
subjects' thoughts about performance are focused on task
difficulty, personal inadequacy and the probability and
consequences of failure.
While LA subjects would also
perhaps consider these themes, it is unlikely that they
carry the same negative valence which they carry for HA
subjects.
Still these results would be far easier to explain in
the context of contemporary test and general anxiety theory,
if
group
differences
would appear
on physiological
variables, in which HA subjects show increased sympathetic
arousal compared to LA subjects.
Two possibilities are
clear.
The first is that no actual differences exist. The
second is that the methods and measures used in the
in the
laboratory
do not reflect
what takes place
examination situation. While the results of these studies
and others suggest the former to be the case, the influences
of methodological confounding cannot be underestimated. For
example, in Study One LA subjects showed the greatest
physiological arousal increases in a no stress condition,
for no discernable reason due to the manipulations in the
laboratory.
The induction and control of anxiety in the
laboratory is clearly problematic, and has many difficulties
which have yet to be overcome. The assumption based on
anxiety theory has been that HA subjects will be more
influenced by stressors than LA subjects. As Frankenhauser
the
(1980)
however
has
pointed
out,
sympatho-adrenal-medullary system is activated by novel
stimuli in all individuals, and its diminution is not simply
related to the repeated exposure of those stimuli but to the
individual classifying them as "usual" or non-arousing. The
laboratory is a novel environment for HA and LA subjects
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alike, and, while one might expect HA subjects to be more
influenced by the novel environment, this assumption may be
invalidated by physiological ceiling effects, or that LA and
HA subjects are engaged in different cognitive processing,
which exhibits the same metabolically-excessive response.
A second difficulty with this research centred on the
selection of subjects.
The selection of subjects based on
the Reactions to Tests Questionnaire (RTT) had promised to
be successful.
The RTT correlates well with other, more
established measures of test anxiety, and subscales assess
various anxiety components.
Working with a limited number
of volunteers however does not always produce the sample one
would hope for (i.e. top and bottom lOth percentiles for
extreme group comparisons).
The groups selected however
ranged generally in scores from 45 to 120 (the RTT ranges
from
40
to
160),
thus
exhibiting
a
wide
range
of
symptomatology. This selection was expected to produce some
anxiety group differences, which it did particularly on
self-report,
however
significant
differences
on
physiological indices were not found.
A third problem in the psychometric assessment of
anxiety in general,
relates
to the degree
to which
self-report and objective experience correlate.
The report
of physiology and actual physiology do not appear to be well
correlated, thus taking the scale scores of a subscale like
Bodily
Responses
as
an
indication
of
characteristic
physiological
responding may be
misleading,
and more
reliable objective measures may be required.
Future Directions
There are two discernable extensions of this work.
First, the influence of arousal reduction on information
processing in HA subjects needs to be examined.
A
methodology
comparing
relaxation-induced
pharmacologically-induced
arousal
reduction
should

and
be
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considered, to isolate the possibility that changes seen are
the result of pharmacological actions of the drug, and not
related to arousal per se.
Second, radio-telemetric physiologic investigations in
vivo, of students undergoing examinations, would remove the
difficulties of the laboratory in the induction and control
of anxiety. Naturalistic studies have their own problems of
course, in that they limit the number of variables which can
be examined, control of variables diminishes, and findings
It would however indicate
are correlative and not analytic.
if HA and LA subjects do, or have ever, differed on actual
physiology.
Clinical Treatment Implications
The clinical treatment implications of this research
confirm conventional wisdom that both arousal reduction and
cognitive
restructuring are
required for
an effective
therapeutic program.
Arousal reduction may however play a
more crucial role in therapeutic interventions than just
symptomatic relief.
With changes in cue utilization and
greater accessibility of positive cognitions, it may lay the
foundations upon which cognitive changes can take place.
The use
would seem

of
to

beta-blockade in the
be indicated since

treatment of
it provides

anxiety
arousal

Yet such intervention without appropriate
reduction.
cognitive intervention would probably prove fruitless in
most cases. Beta-blockade gained the reputation for anxiety
relief through its use on hypertensive and cardiac patients.
It is perhaps not too farfetched to assume that these
patients had as a major concern the functioning of their
hearts, thus their heart rate.

Since beta-blockade acts on

these sympathetic somatic sensations,
stimuli

which

some of the major

were threatening to these patients were
It is
removed. Thus they experienced anxiety amelioration.
unlikely (as many controlled studies have shown) that
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individuals with non-somatic anxiety (i.e. interpersonal
anxiety) would experience consistent or effective relief.
The use of beta-blockade in the treatment of test or other
performacne anxieties, is then not indicated as an effective
treatment
strategy
unless
it
is
accompanied
by
a
psychological intervention. This being the case, the use of
beta-blockade in conjunction with cognition therapy is
unnecessary, since arousal reduction can be successfully
achieved using more conventional psychologic therapeutic
strategies.
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A.l
Name:
Age:

Sex:
Reactions To Tests

Almost everybody takes tests of various types and there
are differences among people in how they react to them. The
purpose of this survey is to gain a better understanding of
how people think and feel about tests.
This survey will be used to look at the reactions of
different kinds of people in situations in which they are
being evaluated.
If you are an athlete please read the word 'test' as
meaning a situation in which you are in active competition
in your sport, or where your performance is being evaluated.
If you are a musician please read the word 'test' as
meaning a situation in which you are publicly performing, or
in which your musical performance is being evaluated.
If you are a student please
meaning an examination situation.

read the word

'test'

as

In filling out this survey, for each item please circle
the response alternative that reflects your typical reaction
to the situation described:
1
2
3
4

-

not at all typical of me
only somewhat typical of me
quite typical of me
very typical of me
Somewhat Quite
Very
Not
Typical Typical Typical Typical

1. I feel distressed and

uneasy before tests

1

2

3

4

2. The thought, 'what
happens if I fail this
test?' goes through my
mind during tests.

1

2

3

4

3. During tests, I find
myself thinking of
things unrelated to
the material being
tested.

1

2

3

4
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Not
Somewhat Quite
Very
Typical Typical Typical Typical
4. I become aware of my
body during tests
(feeling itches, pain,
sweat, nausea).

1

2

3

4

5. I freeze up when I
think about an upcoming
test.

1

2

3

4

6. I feel jittery before
tests.

1

2

3

4

7. Irrelevant bits of
information pop into my
head during a test.

1

2

3

4

8. During a difficult
test, I worry whether
I will pass it.

1

2

3

4

9. While taking a test, I
find myself thinking
how much brighter the
other people are.

1

2

3

4

10. I feel the need to go
to the toilet more often
than usual during a
test.
1

2

3

4

11. My heart beats faster
when the test begins.

1

2

3

4

12. My mind wanders during
tests.

1

2

3

4

13. After a test, I say to
myself, 'it's over and
I did as well as I
could'.

1

2

3

4

14. My stomach gets upset
before tests.

1

2

3

4

15. While taking a test,
I feel tense.

1

2

3

4

16. I find myself becoming
anxious the day of a
test.

1

2

3

4
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Very
Somewhat Quite
Not
Typical Typical Typical Typical
17. While taking a test,
I often don't pay
attention to the
questions.

1

2

3

4

18. I think about current
events during a test.

1

2

3

4

19. I get a headache during
an important test.

1

2

3

4

20. Before taking a test,
I worry about failure.

1

2

3

4

21. While taking a test,
I often think about how
difficult it is.

1

2

3

4

22. I wish tests did not
bother me so much.

1

2

3

4

23. I get a headache before
a test.

1

2

3

4

2 4. I have fantasies a few
times during a test.

1

2

3

4

25. I sometimes feel dizzy
after a test.

1

2

3

4

26. I am anxious about
tests.

1

2

3

4

27. Thoughts of doing
poorly interfere with
my concentration during
tests.

1

2

3

4

28. While taking tests, I
sometimes think about
being somewhere else.

1

2

3

4

29. During tests, I find I
am distracted by
thoughts of upcoming
events.

1

2

3

4

30. My hands often feel
cold before and during
a test.

1

2

3

4
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Not
Somewhat Quite
Very
Typical Typical Typical Typical
31. My mouth feels dry
during a test.

1

2

3

4

32. I daydream during tests. 1

2

3

4

33. I feel panicky during
tests.

1

2

3

4

34. During tests, I think
about how poorly I am
doing.

l

2

3

4

35. Before tests, I feel
troubled about what is
going to happen.

1

2

3

4

36. The harder I work at
taking a test, the more
confused I get.

1

2

3

4

37. I sometimes find myself
trembling before or
during tests.

1

2

3

4

38. During tests I think
about recent past
events.

1

2

3

4

39. During tests, I wonder
how the other people
are doing.

1

2

3

4

40. I have an uneasy feeling
before an important
test.
1

2

3

4
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A.2

TENSION RATING SCALE

How tense do you feel at this moment in time?

0

I

NOT AT
ALL
(calm)

5

I

10

I

THE MOST I'VE
EVER BEEN
(extremely tense)
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A.3
1.

COGNITIVE INTERFERENCE QUESTIONNAIRE
We are interested in learning about the kinds of
thoughts that go through people's heads while they are
working on a task.
The following list includes some
thoughts you might have had while doing the task that
you just completed.
Please indicate approximately how
often each thought occurred to you while working on this
task by placing the appropriate number in the blank
provided to the left of each question.
Example 1.
2.
3.
4.
5.

2.

=never
= once
= a few times
= often
= very often

1.

I thought about how poorly I was doing.

2.

I wondered what the experimenter would think of me.

3.

I thought about how I should work more carefully.

4.

I thought about how much time I had left.

5.

I thought about how others have done this task.

6.

I thought about the difficulty of the task.

7.

I thought about my level of ability.

8.

I thought about the purpose of the experiment.

9.

I thought about how I would feel if I were told how
I performed.

10.

I thought about how often I got confused.

11.

I thought about things completely unrelated to the
experiment.

Please circle the number on the following scale which
best represents the degree to which you felt your mind
wandered during the task you have just completed.

NOT AT ALL

1

2

3

4

5

6

7

VERY MUCH
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A.4

COGNITIVE INTERFERENCE QUESTIONNAIRE

'We are interested in learning about the kinds of thoughts
that go through people's heads while they are engaged in
evaluative situations.
The following list includes some
thoughts you may have had while you were being evaluated in
your area of speciality.
Please indicate approximately how
often each thought occurred to you in this situation by
placing the appropriate number in the blank provided to the
left of each question.
1.

I think about how poorly I am doing.

2.

I wonder what people around me will think of me.

3.

I think about having to be more careful about what
I am doing.

4.

I think ahout how much time I have left.

5.

I think about how others have done.

6•

I think about the difficulty of what I have to do.

7.

I think about the level of my ability.

8.

I think about how often I get confused.

9.

I think about things completely unrelated to what I
am doing.
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A.5

Study 1
Analysis of variance table for reaction times to primary
(vigilance targets) stimuli - 2 (anxiety groups) x 2
(stress conditions)

Source of Variation

DF

MS

F

p

Main Effects
Anxiety
Stress

2
1
1

27794.2
17675.7
34630.3

2.74
1. 74
3.41

.074
.193
.070

2-way Interaction
Anxiety by Stress

1

2275.8

0.22

.638

Explained
Residual
Total

3
56
59

19288.1
10160.6
10624.7

1.89

.140

Analysis of variance for reaction times to secondary task
stimuli - 2(anxiety groups) x 2 (stress conditions)
Shape Stimuli
Source of Variation

DF

MS

F

Main Effects
Anxiety
Stress

2
1

10308.1
790.6
20242.4

.598
.046
1.17

2-way Interaction
Anxiety by Stress

1

24214.4

1.40

.241

Explained
Residual
Total

3
56
59

14943.5
17247.1
17129.9

.866

.464

1

p

-.554
.831
.283
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Position Words - Incongruent
Source of Variation

DF

MS

F

p

Main Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

2
1
1

9051.8
2091.4
16675.0

.658
.152
1.21

.522
.698
.276

1
3
56
59

27456.5
15186.7
13765.3
13837.6

1.99
1.10

.163
.356

Source of Variation

DF

MS

F

p

Main Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

2
1
1

9308.3
4590.3
14983.4

.575
.283
.925

1
3
56
59

37259.9
18625.5
16194.8
16318.4

2.30
1.15

Position Words - Congruent

-.566
.597
.340
.135
.337
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A.6

Study 1
Analysis of variance for accuracy of identification in
primary task (vigilance targets) stimuli - 2 (anxiety
groups) x 2 (stress conditions)

Source of Variation

DF

MS

F

p

Main Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

2
1
1

.319
.379
.222

3.85
4.57
2.67

.027
.037
.108

1
3
56
59

.043
.227
.083
.090

.521
2.74

.473
.052

Analysis of variance for accuracy of identification in
secondary task stimuli - 2 (Anxiety groups) x 2 (stress
conditions)
Shape Stimuli
Source of Variation

DF

MS

F

p

-Main Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

2
1
1

.027
.000
.054

1.05
.012
2.10

.356
.913
.153

1
3
56
59

.165
.073
.026
.028

6.42
2.841

.014
.046

315

Position Words - Incongruent
Source of Variation

DF

MS

F

p

Main Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

2
1
1

.029
.007
.049

1.66
.408
2.76

.200
.526
.102

1
3
56
59

.162
.073
.018
.020

9.18
4.16

.004
.010

Source of Variation

DF

MS

F

p

Main Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

2
1
1

.031
.004
.057

1.27
.162
2.31

1
3
56
59

.101
.055
.025
.026

4.11
2.22

Position Words - Congruent

-

.287
.689
.134

.047
.096
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A.7

Study 1
Analysis of variance for reaction time to primary task
stimuli in simultaneous trials - 2 (anxiety groups) x
2 (stress conditions)

Source of Variation

DF

MS

F

Main Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

2
1
1

138054.8 5.47
100570.9 3.99
158344.7 6.28

.007
.050
.015

1
3
56
59

1497.1
92535.5
25228.6
28651.1

.808
.017

.059
3.67

p

Analysis of variance for accuracy of identification of
primary task stimuli in simultaneous trials - 2 (anxiety
groups) x 2 (stress conditions)
Source of Variation

DF

MS

F

p

Main Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

2
1
1

.773
.793
.658

4.03
4.14
3.43

.023
.047
.069

1
3
56
59

.019
.522
.192
.209

.099
2.72

.755
.053
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Analysis of variance for reaction times to secondary
task stimuli in simultaneous. trials - 2 (anxiety groups)
x 2 (stress condition)
Source of Variation

DF

MS

F

p

Main Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

~

1

18958.8
29049.6
10990.1

.199
.306
.116

.820
.583
.735

1
3
56
59

35213.2
24376.9
95048.8
91455.3

.370
.256

.545
.856

1

Analysis of variance for identification of secondary task
stimuli in simultaneous trials - 2 (anxiety groups) x 2
(stress conditions)
Source of Variation

DF

MS

F

Main Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

2
1
1

.009
.007
.009

.059
.049
.061

.947
.825
.806

1
3
56
59

.615
.211
.149
.152

4.14
1.42

.047
.247

p
-

318

A.8

Study 1
Multivariate analysis of variance of heart rate data
during task performance 2(anxiety groups ) x 2 (stress
Conditions) x 6 (task periods)

Source of Variation
Between-Subjects
Within Cells
Anxiety
Stress
Anxiety by Stress
Within-Subjects
Within Cells
Task Periods
Anxiety by Task Periods
Stress by Task Periods
Anxiety by Stress by Task

DF

MS

F

p

56
1
1
1

679.02
136.20
845.97
2178.6

.20
1.25
3.21

.656
.269
.079

280
5
5
5
5

6.49
291.01
17.00
0. 99
6.86

44.83
2.62
0.15
1.06

.000
.025
.979
.384

Analysis of variance for pretask heart rate - 2 (anxiety
groups) X 2 (stress conditions)
Source of Variation

DF

MS

F

Main Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

2

62.21
56.43
60.28

.526
.472
.510

315.72
146.71
118.19
119.64

2.67
1.24

1

1
1
3

56
59

p

-.594
.492
.478

.108
.303
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A.9

Multivariate analysis of variance of skin resistance level
data during task performance - 2 (anxiety groups) x 2
(stress conditions) x 6 (task periods)

Source-of Variation
Between-Subjects
Within Cells
Anxiety
Stress
Anxiety by Stress
Within-Subjects
Within Cells
Task Periods
Anxiety by Task Periods
Stress by Task Periods
Anxiety by Stress by Task

F

p

4.35
2.99
3.64

.042
.089
.061

888508857
382407347 .43
1.68E+09 1.89
4.06E+09 4.57
1.41E+09 1. 59

.827
.095
.001
.164

DF

MS

56
1
1
1

1. 51E+ 11

280
5
5
5
5

6. 57E+11
4.52E+ll
5.50E+11

Analysis of variance for pretask skin resistance level
- 2 (anxiety groups) x 2 (stress conditions)
Source of Variation

DF

Main Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

2
1
1

MS

F

p

-4315613061
231661602
8540828747

.092
.05
.183

.912
.944
.670

1 278815541846
3 95815589323
56 46686149961
59 49184257048

5.97
2.05

.018
.117
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A.10

Analysis of variance for pretask respiration rate
- 2 (anxiety groups) x 2 (iltress conditions)

Source of Variation

DF

MS

F

p

Main Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

2
1
1

2.48
4.93
0.104

.156
.311
.007

.856
.579
.937

1
3
56
59

1.06
2.01
15.86
15.16

.067
.127

.797
.944

Multivariate analysis of variance of respiration rate
data during task performance - 2 (anxiety groups) X 2
(stress conditions) x 6(task periods)
Source of Variation

DF

Between-Subjects
Within Cells
Anxiety
Stress
Anxiety by Stress

56
1
1
1

Within-Subjects
Within Cells
Task Periods
Anxiety by Task Periods
Stress by Task Periods
Anxiety by Stress by Task

280
5
5
5
5

F

p

69.28
220.71
13.74
.18

3.19
.20
.00

.080
.658
.960

1. 55
21.99
4.47
1. 52
1.08

14.23
2.89
.98
.70

.000
.015
.429
.626

MS

321

A.ll

Study 1
Multivariate analysis of variance for ratings of tension
at pre, mid, and posttask - 2 (Anxiety groups) x 2 (stress
conditions) x 3 (measurement periods)

Source of Variation

DF

MS

Between-Subjects
Within Cells
Anxiety
Stress
Anxiety by Stress

56
1
1
1

Within-Subjects
Within Cells
Report Periods
Anxiety by Report
Stress by Report
Anxiety by Stress by Report

112
2
2
2
2

A.l2

F

p

9.17
2.13
17.92
1. 54

.23
1.95
.17

.632
.168
.683

2.58
6.01
.74
2.69
5.04

2.33
.29
1.05
1.96

.102
.752
.355
.146

Study 1
Analysis of variance for cognitive interference report
- 2 (anxiety groups) x 2 (stress conditions)

Source of Variation

DF

MS

Nain Effects
Anxiety
Stress
2-way Interaction
Anxiety by Stress
Explained
Residual
Total

2
1
1

202.93
385.69
10.66

1
3
56
59

18.66
141.51
37.10
42.41

F

p

5.47
10.39
.29

.007
.002
.594

.503
3.81

.481
.015

S: XICIN'i!ddV
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B.l

SYMPTOM CHECKLIST
Right now, at this moment, I am feeling:

NO
HEADACHE

SEVERE
HEADACHE

I

I

I

1

2

I

I

4

3

I

5

6

NO
RACING
HEART

I

SEVERE
RACING
HEART

I

2

1

I

3

I

I

4

I

5

6

NO
ITCH

I

2

I

3

~

I

4

J

I

I

2

I

3

I

4

I

I

6

5

I

I

2

I

3

I

4

I

5

I

6

I

I

2

I

3

I

4

I

5

I

6

NOSE

NOSE

I

I

7

SEVERE
CONGESTED

NO
CONGESTED

1

I

7

SEVERE
UPSET
STOMACH

NO
UPSET
STOMACH

1

I

7

SEVERE
RINGING
EARS

NO
RINGING
EARS

1

I

7

SEVERE
SHORTNESS
OF BREATH

NO
SHORTNESS
OF BREATH

1

I

7

SEVERE
ITCH

I

1

I

7

I

2

I

3

I

4

I

5

I

6

I

7

II XIGNadi!V
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NO
SWEATY
HANDS

SEVERE
SWEATY
HANDS

I

I

1

I

2

2

I

4

I

5

I

6

NO
WATERY
EYES

SEVERE
WATERY
EYES

I

I

1

I

2

3

l

I

5

!

NO
CHEST
PAINS

I

I

I

3

2

I

4

I

5

I

6

NO
STIFF
MUSCLES

I

7

SEVERE
STIFF
MUSCLES

I

I

1

I

2

3

I

4

I

5

I

6

I

7

SEVERE
FLUSHED
FACE

NO
FLUSHED
FACE

I

I

1

I

2

3

I

4

I

5

I

6

I

I

1

I

7

SEVERE
DIZZINESS

NO
DIZZINESS

I

3

2

I

4

I

5

I

6

I

7

SEVERE
COLD
HANDS

NO
COLD
HANDS

I

I

7

SEVERE
CHEST
PAINS

1

1

I

7

I

2

I

3

I

4

I

5

I

6

I

7
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B.2

EMOTION RATING

Right now, at this moment, I am feeling:

NOT HAPPY

---"HAPPY

NOTANXIOUS--

ANXIOUS

NOT ANGRY

-"ANGRY

NOT GUILTY
NOT SAD

GUILTY
--SAD
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B.3

Study 2
Analysis of variance for pretask heart rate - high test
anxious x low test anxious

Source of Variation

DF

MS

F

Anxiety Group
Explained
Residual
Total

1
1
58
59

52.27
52.27
94.74
94.02

.552
.552

p

-.467
.461

Multivariate analysis of variance (repeated measures) of
actual heart rate across tasks - 2 (anxiety groups) x
3 (task periods)
Source of Variation
Between-Subjects
Within Cells
Anxiety Groups
Within-Subjects
Within Cells
Task Periods
Anxiety by Task

DF

MS

F

p

58
1

392.4
460.8

1.17

.283

116
2
2

20.3
2080.3
29.2

102.3
1.44

.000
.241
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Multivariate analysis of variance (repeated measures) for
estimated heart rate across tasks - 2 (anxiety groups) X
3 (task periods)
Source of Variation
Between-Subjects
Within Cells
Anxiety groups
Within-Subjects
Within Cells
Task Periods
Anxiety by Tasks

B.4

DF

MS

F

p

58
1

1949.4
1881.8

.97

.330

116
2
2

246.6
1032.7
177.3

4.19
.72

.018
.490

Study 2
Multivariate analysis of variance (repeated measures) of
accuracy scores for estimated heart rate (mean deviations)
- 2 (anxiety groups) x 3 (task periods)

Source of Variation
Between-Subjects
Within Cells
Anxiety groups
Within-Subjects
Within Cells
Task periods
Anxiety by Task

DF

58
1

116
2

2

MS

F

p

650.6
1046.4

1.61

.210

212.6
2551.6
1123.8

12.00
5.29

.000
.006
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B.5

Study 2
Multivariate analysis of variance (repeated measures) of
skin resistance levels across tasks - 2 (anxiety groups)
x 3 (task periods)

Source of Variation
Between-Subjects
Within Cells
Anxiety groups
Within-Subjects
Within Cells
Task Periods
Anxiety by Tasks

DF

58
1

116
2
2

MS

F

p

1.54E+ll
2.38E+09

.02

.901

3.34E+09
1. 79E+ 11
4. 51E+09

53.61
1. 35

.000
.264

Multivariate analysis of variance (repeated measures) of
the number of non-specific skin resistance fluctations
across tasks - 2 (anxiety groups) x 3 (task periods)
Source of Variation
Between-Subjects
Within Cells
Anxiety groups
Within-Subjects
Hithin Cells
Task periods
Anxiety by Tasks

DF

MS

F

p

58
1

42.19
4.67

.11

.740

116
2
2

8.35
380.02
1.62

45.54
.19

.000
.824
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Multivariate analysis of variance (repeated measures)
of the size of skin resistance responses across tasks
- 2 (anxiety groups) x 3 (task periods)
Source of Variation
Between-Subjects
Within Cells
Anxiety groups
Within-Subjects
Within Cells
Task periods
Anxiety by Tasks

B.6

DF

58
1

MS

721869.1
498185.1

116 356744.9
2
5012496.4
2
194894.7

F

p

.69

.410

14.05
.55

.000
.581

Study 2
Analysis of variance for cognitive interfernce report
levels -high test anxious x low test anxious

Source of Variation

DF

MS

F

p

Anxiety groups
Explained
Residual
Total

1
1
58
59

416.07
416.07
45.93
52.20

9.06
9.06

.004
.004
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Analysis of variance for physical symptom report
- high test anxious X low test anxious
Source of Variation

DF

MS

F

p

Main Effects
Anxiety groups
Explained
Residual
Total

1
1
58
59

735.0
735.0
66.93
78.25

10.98
10.98

.002
.002

Analysis of variance for anxiety level rating
- high test anxious

low test anxious

X

Source of Variation

DF

MS

F

p

Main Effects
Anxiety groups
Explained
Residual
Explained

1
1
58
59

13.07
13.07
3.04
3.21

4.29
4.29

.043
.043

8 XICimlddV
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C.l

SELECTION QUESTIONNAIRE

Name:
Age:
Sex:

Phone no.

(H)
( w)

Please answer the following questions as accurately as
possible.
1.

Are you currently taking any medication?
If yes, which?

2.

Have you in the past 10 years had an asthma attack?

3.

Have you ever taken ventolin, or used a vento1in
inhaler?

4.

Do you any allergies?
If yes, what are they?

5.

Have you had a major illness in the past 12 months? ____
If yes, which?
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C.2

CONSENT FORM

This study examines whether or not a particular anti-anxiety
drug effects performance. in this experiment you will be
asked to take a tablet, 90 minutes before the laboratory
session that we have arranged. this either will or will not
be an active drug.
You will be asked to do several tasks during the one and a
half hour session. This will be (1) mental arithmetic,
(2) a word puzzle task, and (3) a picture puzzle task. Your
heart rate and energy level will be monitored while you
perform these tasks.

I have read the outline of this
reservation to participate in it.
Signature:
Date:
Witness:

study and agree

without
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C.3

Study 3
Analysis of variance of pretask heart rate - propranolol
subjects x placebo subjects

Source of Variation
Main Effects
Anxiety groups
Explained
Residual
Total

DF

MS

F

p

1

529.20
529.20
130.80
144.53

4.05
4.05

.054
.054

1

28
29

Multivariate analysis of variance (repeated measures)
of actual heart rate across tasks - 2 (drug groups:
propranolol/placebo) X 3 (task periods)
Source of Variation
Between-Subjects
Within Cells
Drug groups
Within-Subjects
Within Cells
Task periods
Drugs by Tasks

DF

MS

F

p

28
1

299.63
2230.04

7.44

.011

56
2
2

8.79
477.48
18.48

54.34
2.10

.000
.132
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Multivariate analysis of variance (repeated measures) of
estimated heart rate across tasks - 2 (drug groups) X
3 (task periods)
Source of Variation
Between-Subjects
Within Cells
Drug groups
Within-Subjects
Within Cells
Task Periods
Drug groups by tasks

C.4

DF

MS

F

p

28
1

2163.38
2340.90

1.08

.307

56
2
2

435.13
2617.34
894.90

6.02
2.06

.004
.1.37

Study 3
Multivariate analysis of variance (repeated measures) of
accuracy of heart rate estimations (mean deviations) accross
tasks - 2 (drug groups) x 3 (task periods)

Source of Variation
Between-Subjects
Within Cells
Drug groups
Within-Subjects
Within Cells
Task Periods
Drug groups by Tasks

DF

MS

F

p

28
1

386.46
2464.90

6.38

.017

56

352.69
2352.34
384.70

6.67
1.09

.003
.343

2

2
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C.5

Study 3
Multivariate analysis of variance (repeated measures) of
skin resistance levels across tasks - 2 (drug groups
propranolol/placebo) x 3 (task periods)

Source of Variation
Between-Subjects
Within Cells
Drug groups
Within-Subjects
1\Ti thin Cells
Task periods
Drug groups by Tasks

DF

MS

28

l.32E+ll
8.11E+10

1

56
2
2

F

p

.61

.440

3.69E+09
1.03E+ll
27.84
4.30E+09 1.17

.000
.319

Multivariate analysis of variance (repeated measures) of
the number of non-specific skin resistance responses across
task periods - 2 (drug groups) X 3 (task periods)
Source of Variation
Between-Subjects
Within Cells
Drug groups
Within-Subjects
Within Cells
Task periods
Drug groups by Tasks

DF

MS

F

p

28
1

45.71
3.21

.07

.793

56
2
2

6.64
218.34
8.14

32.90
1.23

.000
.301
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Multivariate analysis of variance (repeated measures) of
the size of non-specific skin resistance responses across
tasks - 2 (drug groups) X 3 (task periods)
Source of Variation
Between-Subjects
Within Cells
Drug groups
lo/ithin-Subjects
Within Cells
Task periods
Drug groups by Tasks

C.6

DF

MS

F

p

28
1

786194.4
271516.8

.35

.561

56
2
2

316156.1
5643303.9
411676.9

17.85
1.30

.000
.280

Study 3
Multivariate analysis of variance (repeated measures) of
state anxiety report at pre and posttask - 2 (drug groups)
x 2 (measurement periods)

Source of Variation
Between-Subjects
Within Cells
Drug groups
Within-Subjects
Within Cells
Pre to Posttask Anxiety
Drug groups by Anxiety

DF

MS

F

p

28

121.68
26.67

.22

.643

15.10
1.81

.001
.190

1

28
1
1

50.55
763.27
91.27
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Analysis of variance for cognitive interference level report
- propranolol group x placebo group
Source of Variation

DF

MS

F

p

Main Effect
Drug groups
Explained
Residual
Total

1
1
28
29

67.50
67.50
58.24
58.56

1.16
1.16

.291
.291

Analysis of variance for physical symptom report propranolol group X
placebo group
Source of Variation

DF

MS

F

p

Main Effects
Drug groups
Explained
Residual
Total

1
1
28
29

124.03
124.03
77.19
78.81

1.61
1.61

.215
.215

Analysis of variance for anxiety level rating propranolol group
X
placebo group
Source of Variation

DF

MS

F

p

Main Effects
Drug groups
Explained
Residual
Total

1
1
28
29

1.20
1.20
2.91
2.85

.412
.412

.526
.512

a

XIC!Niidi!V

340

D.l

ANAGRAMS

These are the EASY anagrams.
Remember, there are no plurals.

VTLEYI
NREMIO
PRUTM
WROELT

MER INV
CMIEUP
RPAEHS

VRYEIL
DROEH
LYEFAT
WRLOHE
TXAURS
LVAET
EATWSH
SURETY
MHPYN
UECILS

ORTEHC

GLAONF
KREANC
OLHUG
XTYIAL
DRTIEN
EIDMG
PRJASE

RBCUEH
RFMOU

RACIN
TSAIV

SORUGE
DRENTI
GTENIS
NECUIQ

WRAFH
PRIODT
IMOUD
EITCNP

TOEUPR

MDSLEA

CEIRKT
YHTCS
MSTENA
TORALP

CARHL

TYAILN

SRECOF

BELOFI
WROBEY

VLOHE
GLAENF

MLUPE
NETRAC

SGAEIV
GTPIOS
PUHMC
CUMIDT
DNLOVE

Actual Difficulty - Hard

PLIACH
SUEQMA
RLTYME
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These are the HARD anagrams.
Remember, there are no plurals.

VTLEYI
NREMIO

MER INV
CMIEUP

PRUTM
WROELT

RPAEHS
GLAONF
KREANC

SGAEIV
GTPIOS
PUHMC
CUMIDT
DNLOVE
ORTEHC

OLHUG
XTYIAL
DRTIEN
EIDMG

VRYEIL
DROEH
LYEFAT
WRLOHE
TXAURS
LVAET
EATWSH

PRJASE

SURETY
MHPYN
UECILS

RBCUEH
RFMOU
SORUGE
DRENTI
GTENIS
NECUIQ
TOEUPR

RACIN
TSAIV
WRAFH
PRIODT

PLIACH
SUEQMA
RLTYME
CEIRKT

IMOUD
EITCNP

YHTCS
MSTENA

MDSLEA

TORALP

CARHL

TYAILN

SRECOF

BELOFI
WROBEY

VLOHE
GLAENF

MLUPE
NETRAC

Actual Difficulty - Hard
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These are the HARD anagrams.
Remember, there are no plurals.

KLABC
LRDWO
ARIHC
TWIDH
TLCOH
HTWAC
KIDRN
BMHUT
LATUF
ASNCK
EEPTRA
KTECPO
RRROIM
LTHOE
HNUAM
OEFEFC
DFRICE

KTEESA
THOEMR
VROEC
RVISLE
TAHER
HNRBAC
OANCE
EPPLEO
UUMRRO
VULEA
TIULQ
KULCP
DRABN
FKANL
DHCIL
THOURA

TNWIER
RTEHAD
CELNU
LCKOB
ZNDOE
SLCOE
GTHIM
SCNDEO
SRPTII
VLNEO
SPETU
USLBH
HSFINI
FSTRO
SESUG

RTEKMA

DSRSE
EENCS

YMLFAI
MLNAAI

BLEOW
IEELFR

NDSUO
WHTOR

BISNA

VGARY

FFEETC

Actual Difficulty - Easy
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These are the EASY anagrams.
Remember, there are no plurals.

KLABC
LRDWO
ARIHC
TWIDH
TLCOH

KTEESA
THOEMR
VROEC
RVISLE
TAHER

HTWAC
KIDRN

HNRBAC
OANCE

BMHUT
LATUF
ASNCK

EPPLEO
UUMRRO
VULEA

VLNEO

EEPTRA

TIULQ

SPETU

KTECPO
RRROIM
LTHOE
HNUAM

KULCP
DRABN
FKANL
DHCIL
THOURA

USLBH
HSFINI

DFRICE
YMLFAI

RTEKMA

EENCS

BLEOW

MLNAAI

IEELFR

NDSUO
WHTOR

BISNA

VGARY

FFEETC

OEFEFC

Actual Difficulty - Easy

TNWIER
RTEHAD
CELNU
LCKOB
ZNDOE
SLCOE
GTHIM
SCNDEO
SRPTII

FSTRO
SESUG
DSRSE

344

D.2

Study 4
Multivariate analysis of variance (repeated measures) of
number of anagrams attempted - 2 (anxiety groups) x 2
(actual difficulty) x 2 (expected difficulty)

Source of Variation
Between-Subjects
Within Cells
Actual Difficulty
Anxiety groups
Actual difficulty by anxiety
Within-Subjects
Within Cells
Expected difficulty
Actual by Expected difficulty
Anxiety by Expectation
Anxiety by Expect by Actual

DF

MS

F

p

56
1
1
1

37.82
81.68
508.41
91.87

2.16
13.44
2.43

.147
.001
.125

56
1
1
1
1

17.79
3887.41
85.01
138.67
4.41

218.57
4.78
7.80
.25

.000
.033
.007
.621

Multivariate analysis of variance (repeated measures) (Jf
number of anagrams correctly solved - 2 (anxiety)
(actual difficulty) x 2 (expected difficulty)
Source of Variation

DF

Between-Subjects
56
Within Cells
Actual Difficulty
1
Anxiety groups
1
Actual difficulty by anxiety 1
Within-Subjects
Within Cells
56
Expected Difficulty
1
Actual by Expected
1
Anxiety by Expected
1
Anxiety by Actual by Expected 1

MS

37.56
170.41
468.08
25.21
14.70
3234.41
106.41
110.21•
11.41

2

X

F

p

4. 54
12.46
.67

.038
.001
.416

220.06
7.24
7. 50
.78

.000
.009
.008
.382
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Study 4
Multivariate analysis of variance (repeated measures) of
cognitive interference report - 2 (anxiety groups) x 2
(actual difficulty)
x 2 (expected difficulty)

Source of Variation
Between-Subjects
Within Cells
Actual Difficulty
Anxiety groups
Actual difficulty by anxiety
Within-Subjects
Within Cells
Expected difficulty
Actual by Expected
Anxiety by Expected
Actual by Expected by Anxiety
D.4

F

p

1
1

84.60
452.41
1026.67
.01

5.35
12.14
.00

.024
.001
.992

56
1
1
1
1

13.80
705.67
238.01
.21
12.67

51.23
17.24
.02
.92

.000
.00
.903
.342

DF

MS

56
1

Multivariate analysis of variance (repeated measures) of
physical symptom report - 2 (anxiety groups) X 2
(actual difficulty) X 2 (expected difficulty)

Source of Variation
Between-Subjects
Within Cells
Actual Difficulty
Anxiety groups
Actual difficulty by anxiety
Within-Subjects
Within Cells
Expected Difficulty
Actual by Expected
Anxiety by Expected
Actual by Expected by Anxiety

DF

MS

56
1
1
1

132.97
156.41
1098.07
60.21

56
1
1
1
1

4.52
60.21
18.41
29.01
39.67

F

p

1.18
8.26
.45

.283
.006
.504

13.32
4.07
6.42

.001
.048
.014
.004

8. 77

346
D.S

Study 4
Mutlivariate analysis of variance (repeated measures) of
anxiety rating - 2 (anxiety groups) x 2 (actual difficulty)
x 2 (expected difficulty)

Source of Variation

DF

Between-Subjects
Within Cells
56
Actual Difficulty
1
Anxiety groups
1
Actual difficulty by anxiety 1
Within-Subjects
Within Cells
56
Expected difficulty
1
Actual by Expected
1
Anxiety by Expected
1
Actual by Anxiety by Expected 1
D.6

MS

F

p

5. 25
.00
20.83
.83

.00
3.97
.16

1.00
.050
.692

.42
2.13
3.33
2.70
.30

5.08
7.93
6.42
.71

.028
.007
.014
.402

Multivariate analysis of variance (repeated measures) of
heart rate - 2 (anxiety groups) x 2 (actual difficulty)
x 2 (expected difficulty)

Source of Variation
Between-Subjects
Within Cells
Actual Difficulty
Anxiety groups
Actual difficulty by anxiety
Within-Subjects
Within Cells
Expected Difficulty
Actual by Expected
Anxiety by Expected
Actual by Expected by Anxiety

DF

MS

p

F

56
1
1
1

265.44
81.68
131.60
13.11

. 31
. 50
.05

.581
.484
.825

56
1
1

2.19
70.02
.27
.01
17.89

31.97
.12
.00
8.17

.000

1

1

.728
.951
.006
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Multivariate analysis of variance (repeated measures) of
skin resistance level - 2 (anxiety groups) X 2 (actual
difficulty) X 2 (expected difficulty)
Source of Variation
Between-Subjects
Within Cells
Actual Difficulty
Anxiety groups
Actual difficulty by Anxiety
Within-Subjects
Within Cells
Expected Difficulty
Actual by Expected
Anxiety by Expected
Actual by Expected by Anxiety

F

p

9.81E+l0
2. 72E+ll
l.OlE+lO
2.64E+l0

2. 77
.10
.27

.102
.749
.606

1.60E+09
1. 35E+09
1.33E+09
1.09E+09
1.06E+09

.85
.83
.68
.67

.362
.366
.413
.418

DF

MS

56
1
1
1
56
1

1
1
1

Multivariate analysis of variance (repeated measures) of
the number of non-specific skin resistance responses 2 (anxiety) x 2 (actual) x 2 (expected)
Source of Variation
Between-Subjects
Within Cells
Actual Difficulty
Anxiety groups
Actual difficulty by anxiety
Within-Subjects
Within Cells
Expected Difficulty
Actual by Expected
Anxiety by Expected
Actual by Expected by Anxiety

DF

MS

56

14.91

1

3.11

1

l
56
1
1
1

1

F

p

8.53
12.46

.21
.57
.84

.649
.452
.365

1.35
8.89
.09
1.48
.95

6.61
.07
1.10
.70

.013
.794
.299
.405

348
Multivariate analysis of variance (repeated measures) of
the size of non-specific skin resistance responses 2 (anxiety) x 2 (actual) x 2 (expected)
Source of Variation
Between-Subjects
Within Cells
Actual Difficulty
Anxiety groups
Actual difficulty by anxiety
Within-Subjects
Within Cells
Expected Difficulty
Actual by Expected
Anxiety by Expected
Actual by Expected by Anxiety

DF

MS

56
1
1
1

1348992.8
28224.13
950.91
1880.74

56 427025.85
1
30490.03
1 158021.18
1
3605.11
1 652540.01

F

p

.21
.00
.00

.649
. 979
.970

.07
.37
.01
1. 53

.790
.545
.927
.222
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Study 4
Multivariate analysis of variance (repeated measures) of
heart rate change in the first section of the task 2(anxiety groups) x 2(actual difficulty) x Z(expected)

Source of Variation
Between-Subjects
Within Cells
Actual Difficulty
Anxiety groups
Actual Difficulty by Anxiety
Within-Subjects
Within Cells
Expected Difficulty
Actual Difficulty by Expected
Anxiety by Expected
· Actual by Expected by Anxiety

DF

56
1
1
1
56
1
1
1
1

MS

7. 79
48.13
36.30
2.70
9.20
.03
36.30
.13
.13

F

p

6.18
4.66
.35

.016
.035
.558

.00
3.94
.01
.01

.952
.052
.905
.905

Multivariate analysis of variance (repeated measures) of
heart rate change in the second part of the task 2(anxiety groups) x 2(actual diff.) x 2(expected diff.)
Source of Variation
Between-Subjects
Within Cells
Actual Difficulty
Anxiety Groups
Actual Difficulty by Anxiety
Within-Subjects
Within Cells
Expected Difficulty
Actual by Expected
Anxiety by Expected
Actual by Expected by Anxiety

DF

MS

56
1
1
1
56
1
1
1

1

F

p

7.50
8.01
2.41
42.01

1.07
.32
5.60

.306
.573
.021

12.58
4.41
29.01
.01
12.67

.35
2.31
.00
1.01

.556
.134
.980
.320

350
D.8

Study 4
Multivariate analysis of variance (repeated measures) of
skin resistance level changes in the first part of the taskZ(anxiety groups) x 2(actual diff.) x 2(expected diff.)

Source of Variation
Between-Subjects
Within Cells
Actual Difficulty
Anxiety Groups
Actual Difficulty by Anxiety
Within-Subjects
Within Cells
Expected Difficulty
Actual by Expected
Anxiety by Expected
Actual by Expected by Anxiety

F

p

9.05E+09
7.89E+09
2.97E+09
2.36E+10

.87
.33
2. 61

.354
.569
.ll2

2.29E+09
801427610
1866260.2
4. 53E+09
140800835

.35
.00
1.98
.06

.556
.977
.165
.805

DF

MS

56
l
1
1
56
1
1

1
1

Multivariate analysis of variance (repeated measures) of
skin resistance level changes in the second part of the
task- Z(anxiety) x 2(actual diff.) x 2(expected diff.)
Source of Variation
Between-Subjects
Within Cells
Actual Difficulty
Anxiety Groups
Actual Difficulty by Anxiety
Within-Subjects
Within Cells
Expected Difficulty
Actual by Expected
Anxiety by Expected
Anxiety by Expected by Actual

DF

MS

56
1
1
1

3.14E+09
614178253
699287520
81477120

56
1
1
1
1

1. 51E+09
1.16E+09
2.94E+09
260927521
1.58E+09

F

p

.20
.22
.03

.660
.639
.873

.76
1.94

.386
.169
.680
.3ll

.17

1.04
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E.1

TYPICALITY OF STATEMENTS RATING

This survey looks at the types of thoughts which can effect
people's
performances
in
evaluative
(test/performance)
situations.
In filling out this survey, please indicate the degree to
which these statements reflect your typical way of thinking
in evaluative situations.
1
NOT TYPICAL
AT ALL

- - - - - - - - - - - - - - - - 10

VERY
TYPICAL

I must answer all the
questions correctly.

0 - - - - - - - - - - 10

I'm never going to do as well
as most people.

0 - - - - - - - - - - 10

It's easier once you get
started.

0 - - - - - - - - - - 10

I never perform well in these
situations.

0 -

- - - 10

Stay organized and relaxed.

0

- - - 10

Take it step by step, don't
rush.

0 - - - - - - - - - - 10

I'll bet other people have
done this faster than me.

0 - - - - - - - - - - 10

If I work systematically the
solution will not escape me.

0 - - - - - - - - - - 10

I need to stay relaxed and
concentrate

0 - - - - - - - - - - 10

This task will probably show
that I'm stupid.

0 - - - - - - - - - - 10

I really can't concentrate
on this.

0 - - - - - - - - - - 10

I'll never get this done in
time.

0 - - - - - - - - - - 10

Just keep my mind on the task
at hand.

0 - - - - - - - - - - 10
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It's going to be too hard.

0 - - - - - - - - - - 10

Everyone is better than me.

0

I'll just concentrate on what
I'm doing and not worry about
the rest.

0 - - - - - - - - - - 10

I'm glad I don't have to do
this tomorrow.

0 - - - - - - - - - - 10

This is too confusing to work
out.

0 - - - - - - - - - - 10

I'm so tense I can hardly
breathe.

0 - - -

Some of these are impossible.

0

I can do this, I'm doing it
now.

0 - - - - - - - - - - 10

I'll just concentrate on what
I'm doing.

0 - - - - - - - - - - 10

All I want is to get away
from this.

0 - - - - - - - -

I must make no mistakes.

0 - - - -

Don't rush, take it step by
step.

0 - - - - - - - - - - 10

- - - - - - 10

- - - - 10

- - - - - - - - 10

10

- - - 10
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E.2

TASK INTERFERING AND FACILITATING STATEMENTS

Task Interfering Statements
(based Beck & Emery, 1986)
1. difficulty

2. self-deprecation
3. self-deprecation
4. time pressure

5. self-deprecation
6. thinking difficulty
7. thinking difficulty
8. time pressure

9. difficulty

10. self-deprecation
11. thinking difficulty
12. avoidance

13. self-deprecation
14. thinking difficulty

15. physiology
16. difficulty
17. avoidance
18. difficulty

I must answer all the questions
correctly.
I'm never going to do as well as
most people.
I never perform well in these
situations.
I' 11 bet other people have done
this faster than me.
This task will probably show that
I'm stupid.
I'll never figure out the pattern
to get the solution.
I can't really concentrate on
this.
I'll never get this done in time.
It's going to be too hard.
Everyone is better than me.
With the number of solutions,
it's just too confusing.
I'm glad I don't have to do this
again tomorrow.
If I can't do these it must mean
I'm an idiot.
This is too confusing to work
out.
can
hardly
tense
I'm
so
I
breathe.
Some of these are impossible.
All I want to do is get away from
this.
I must make no mistakes.
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Task Facilitating Statements
(based McKay, Davis & Fanning, 1981)
1. positive ability
2. positive ability
3. task focus

4. relaxation

5. relaxation
6. task focus
7. relaxation
8. task focus

9. positive ability
10. task focus
11. task focus

12. task focus
13. task focus
14. positive ability
15. relaxation

16. positive ability
17. task focus
18. relaxation

I can solve each one of these
puzzles.
It's easier once you get started.
I'll just find the pattern in the
puzzle and the solution will
follow easily.
Stay organized and relaxed.
Take it step by step, don't rush.
If I work systematically, the
solution will not escape me.
I
need to stay
relaxed
and
concentrate.
Just keep my mind on the task at
hand.
I know I can do each one of these
puzzles.
concentrate!
I'll just concentrate on one page
at a time and not worry about the
rest.
Stay organized!
Work systematically, compare each
solution in turn with the puzzle.
I can do this, I'm doing it now.
I've got plenty of time, I'll
just take it one puzzle at a
time.
Even
if
the
puzzles
are
difficult, I'm able to do them.
I'll just concentrate on what I'm
doing.
Don't rush, take it step by step.
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Study 5
Analysis of variance of cognitive interference level
report - 2 (anxiety group) x 2 (statement conditions:
Task Facilitating/Task Interfering)

Source of Variation

DF

MS

F

p

Main Effects
Anxiety
Statements
2-way Interactions
Anxiety by Statements
Explained
Residual
Total

2
1
1

438.52
75.85
781.89

11.39
1.97
20.32

.000
.167
.000

1
3
50
53

2.83
293.29
38.49
52.92

.073
7.62

.787
.000

Analysis of variance ofphysical symptom report 2 (anxiety groups) X 2 (statement conditions)
Source of Variation

DF

MS

Main Effects
Anxiety
Statements
2-way Interaction
Anxiety by Statements
Explained
Residual
Total

2
1
1

149.02
62.02
236.02

1
3
56
59

18.15
105.39
48.12
51.03

F

p

3.09
1.29
4.91

.053
.261
.031

.37
2.19

.542
.099
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Analysis of variance of anxiety level rating 2 (anxiety groups) X 2(statement conditions)
Source of Variation

DF

MS

F

Main Effects
Anxiety
Statements
2-way Interaction
Anxiety by Statements
Explained
Residual
Total

2

1.08
.82
1.35

.379
.286
.473

2.82
1.66
2.86
2.79

.986
.581

E.4

1
1
1

3
56
59

p

-.686
.595
.495
.325
.630

Study 5
Analysis of variance of typicality rating for task
interferening statements - 2 (anxiety groups) x 2 (statement
Conditions)

Source of Variation

DF

MS

F

p

Main Effects
Anxiety
Statements
2-way Interaction
Anxiety by Statements
Explained
Residual
Total

2
1
1

33.47
66.85
.09

10.45
20.87
.03

.000
.000
.867

1
3
56
59

1.27
22.74
3.20
4.19

.39
7.09

.531
.000
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Analysis of variance of typicality rating for task
facilitating statements - 2 (anxiety group) x
2 (statement conditions)
Source of Variation

DF

MS

F

Main Effects
Anxiety
Statements
2-way Interaction
Anxiety by Statements
Explained
Residual
Total

2
1
1

2.97
3.50
2.44

.936
1.104
.769

1
3
56
59

.037
1. 99
3.17
3.11

.012
.628

E.5

p

-.398
.298
.384
.914
.600

Study 5
Analysis of variance of pretask heart rate - high test
anxious x low test anxious

Source of Variation
Main Effects
Anxiety
Explained
Residual
Total

DF

MS

F

p

1

52.27
52.27
94.74
94.02

.552
.552

.461
.461

1

58
59
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Analysis of variance of heart rate during task
performance - 2 (anxiety groups)
x 2 (statement
conditions)
Source of Variation

DF

MS

F

p

Main Effects
Anxiety
Statements
2-way Interaction
Anxiety by Statements
Explained
Residual
Total

2
1
1

19.69
34.25
5.14

.737
1.283
.192

.483
.262
.663

1
3
56
59

.74
13.29
26.71
26.02

.018
.498

.894
.685

E.6

Study 5
Analysis of variance of skin resistance level changes
during task performance - 2 (anxiety groups) x 2
(statement conditions)

Source of Variation

DF

F

p

Main Effects
Anxiety
Statements
2-way Interaction
Anxiety by Statements
Explained
Residual
Total

2 165635146.2
1 209502449.1
1 121767843.3

.702
.888
.516

,500
.350
.475

1
3
56
59

6.59
2.67

.013
.057

MS

1554689606.7
238653299.7
235921089.8
255890524.2
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Study 5
Analysis of variance of the number of non-specific
skin resistance responses during task performance
- 2 (anxiety groups) x 2 (statement conditions)

Source of Variation

DF

MS

F

p

Main Effects
Anxiety
Statements
2-way Interaction
Anxiety by Statements
Explained
Residual
Total

2
1
1

1.37
.600
2.14

.678
.297
1.06

.512
.588
.308

1
3
56
59

.030
.923
2.02
1. 96

.015
.457

.904
.714

E.8

Study 5
Analysis of variance of the size of non-specific
skin resistance responses during task performance
- 2 (anxiety groups) x 2 (statement conditions)

Source of Variation

DF

MS

Main Effects
Anxiety
Statements
2-way Interaction
Anxiety by Statements
Explained
Residual
Total

2
1
1

430963.5
4651.4
857275.5

.539
.006
1.071

1
3
56
59

307693.4
389873.4
800197.9
779334.0

.385
.487

F

p

-.587
.939
.305
.538
.693

'
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Study 5
Analysis of variance of time taken to complete
Raven's matrices - 2 (anxiety groups) x 2
(statement conditions)

source of Variation

DF

MS

F

P

Main Effects

2

559.01

.551

.603

Anxiety

1

743.58

.679

.413

statements

1

374.45

.342

.561

Anxiety by Statements

1

104.60

.096

.758

Explained

3

407.54

.372

.773

Residual

56

1094.98

Total

59

1060.03

2-way Interaction

E.10

Study 5
Analysis of variance for the number of Raven's
Matrices correctly solved - 2 (anxiety) x 2
(statements)

Source of Variation

DF

MS

F

p

Main Effects
Anxiety

1

8.07

.882

NS

Statements

1

0.07

.007

NS

Anxiety by Statements

1

0.60

.060

NS

Residual

56

9.14

Total

59

8.83

2-way Interaction

.!! XIC!tffiddV
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F.l

Study 6
Multivariate analysis of variance (repeated measures)
of state anxiety at pre and posttask - 2 (drug groups:
propranolol/placebo) x 2 (statement conditions) X 2
(measurement points)

Source of Variation
Between-Subjects
Within Cells
Drug Groups
Statements
Drugs by Statements
Within-Subjects
Within Cells
State Anxiety
Drugs by State ~~xiety
Statements by State Anxiety
Drugs by Stmts by Anxiety

F.2

DF

MS

F

p

26

115.64
42.08
.00
400.48

.36
.00
3.46

.552
.997
.074

16.46
1.60
.57
3.33

.000
.218
.456
.079

1

1
1
26
1
1
1
1

47.33
779.14
75.60
27.14
157.73

Study 6
Analysis of variance for cognitive interference level
report - 2 (drug groups) x 2 (statement conditions)

Source of Variation

DF

MS

F

p

Main Effects
Drug groups
Statements
2-way Interaction
Drugs by Statements
Explained
Residual
Total

2
1
1

29.78
50.70
8.86

. 771
1.31
.229

.473
.262
.636

1
3
26
29

3.62
21.06
38.61
36.79

.094
. 546

.762
.656
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Analysis of variance of physical symptom report
- 2 (drug groups) X 2 (statement conditions)
Source of Variation

DF

MS

F

p

Main Effects
Drug Groups
Statements
2-way Interaction
Drugs by Statements
Explained
Residual
Total

2
1
1

224.07
258.13
190.12

2.53
2.92
2.15

.099
.099
.155

1
3
26
29

235.50
227.88
88.42
102.85

2.66
2.57

.115
.075

F.3

Study 6
Analysis of variance of typicality rating of statement
categories - 2 (drug groups) x 2 (statement conditions)

Task Interfering Statements
Source of Variation

DF

MS

F

p

Main Effect
Drug groups
Statements
2-way Interaction
Drugs by Statements
Explained
Residual
Total

2
1
1

4.81
.003
9.62

1. 76
.001
3.52

.192
.974
.072

1
3
26
29

.009
3.21
2.73
2. 78

.003
1.18

.955
.338
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Task Facilitating Statements
Source of Variation

DF

MS

F

p

Main Effects
Drug Groups
Statements
2-way Interaction
Drugs by Statements
Explained
Residual
Total

2
1
1

9.04
16.28
1.81

3.38
6.08
.674

.050
.021
.419

1
3
26
29

5.64
7.91
2.68
3.22

2.10
2.95

.159
.051

F .4

Study 6
Analysis of variance of heart rate during task
performance - 2 (drug groups) x 2 (statement conditions)

Source of Variation

DF

Main Effects
Drug groups
Statements
2-way Interaction
Drugs by Statements
Explained
Residual
Total

2
1
1
1
3
26
29

F

p

68.74
136.22
1.25

2.45
4.85
.044

.106
.037
.835

.308
45.93
28.09
29.94

.011
1.64

.917
.206

MS

'
366
F.5

Study 6
Analysis of variance of skin resistance level
during task performance - 2 (drug groups) x 2
(statements)

source of Variation

DF

MS

F

Main Effects

2

581434902.4

4.48

.021

Drug Groups

1

601171567.5

4.63

.041

statements

1

561698237.3

4.33

.047

Drugs by Statements

1

650737.6

Explained

3

387840180.8

Residual

26

129738162.8

Total

29

156478716.4

p

2-way Interaction

F.6

0.005 .944
2.99

.049

Study 6
Analysis of Variance of the number of Raven's
Matrices correctly solved - 2 (drug groups) X
2 (statements)

Source of Variation

DF

MS

F

p

Main Effects
Drugs

1

22.78

2.97

NS

Statements

1

9.03

1.18

NS

1

2.54

0.33

NS

Residual

26

7.67

Total

29

8.59

2-way Interaction
Drugs by Statements

