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ABSTRACT

It has been demonstrated previously that after
being exposed to psychosocial stressors the heart
rates of high aérobic power people decrease more
quickly than do the heart rates of low aerobic power
people. The pufpose of the present study was to
determine whether this quicker recovery in heart
rate would be reflected in affect or performance,
Competing on a digit-letter task was the stressor
used in the present study, Changes in heart rate
were used as the physiological measure of stress,
changes in perceived pleasantness as the affective
measure of stress, and changes in performance as
the behavioural measure of stress. The subjects
were forty female and forty male volunteers from an
introductory psychology course, The basic design
was a 2 X 2 X 2 factorial with the first factor
being sex (female, male), the second aerobic power
(low, high), and the third competition (absent,
present), The difference in heart rate recovery
between low and high aerobic power people after
being stressed was replicated. However, no
differences in recovery rate of affect or performance
were demonstrated, Various reasons for the occurrence

of these results are discussed,
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INTRODUCTICN

Stress has become a topic of greet interest in
recent years, Both scientific and popular literature
abound with articles on stress and stress mansgerment,

The need to reduce the risk of stress related diseases
and improve the quality of life is most appealing and
is reflected in a growing trend towards a rore corplete
life-style of physical and mental well-being, Clinical
research and popular 'how-to! bocks offer programmes
ranging from cognitive restructuring of coping styles
to simple relaxation techniques, Among these, rhysical
fitness appears to be one variable that can improve

the quelity of life while increasing the esbility to
deal more effectively with daily stressful situations
(Ardell, 1976; Cooper, 1978; Harris, 1963; lorgan, 1958),
The present study investigates the possibility that s
high level of physical fitness enables individuals to
cope more effectively with stress,

Although the notion of stress has received much
investigative attention, its actual nature is not as well
understood as one might assume, Definitions and exprlane-
tions abound throughout the litersture and the study of
stress has been the interest of many individuels represent=-

ing a varlety of disciplines, One of the most well known



researchers in the area of stress is Hans Sélye, an
endocrinologist who has a medical degree as well as o
Ph,D, in orgsnic chemistry, Selye (1676) defines
stress as the "non-specific response of the body to
any demand" (p. 1). Explaining that stress can be
perceived positively or negatively, Selye distinguishes
between eustress and distress, LKustress refers to stress
that is perceived as pleasant whereas' distress refers
to stress that is percelved as unpleasant, Selye states
that "during both eustress and distress the body under-
goes virtually the same non-specific responses to various
positive or negative stimull acting upon it" (p. 74).
Stress can be viewed as the resulting condition follow-
ing a demand, This demand has been termed the 'stressor!',
A number of researchers have referred to stress and
stressors in somewhat less medical or biological terms,
McGrath (1970) proposed that "stress occurs when there
is a substantial imbalance between environrental demand
and the response capability of the focal organism" (p, 17),
It is not only the demand that arouses the individual
but also the anticipation of that demand, "In this view
stress exists,,.in an imbalance between perceived or
subjective demand and the perceived response capability"
(pe 17)s Epstein (1975) maintains that stress reactions

are best understood as responses to ego threats, If the



individual perceives the future to be threstening,
anticipates attacks on his self-esteem, or cannot clearly
interpret his immediate environment, that verson
will feel uncomfortable, unplessantly sroused, and
anxious, A similar description is given ty Cofer
and Appley (196l), where stress is "the state of an
organism where he nerceives thst his well being (or
integrity) is endangered and that he must divert 211 his
energies to 1ts protection" (p. L53). Pointing out tae
diversity of literature focusing on stress, Appley and
Trumbull (19¢7) write that the word stress "has been
used as a subatitute for what might otherwise heve been
called anxiety, conlflict, emctional distress, extreme
environmentel conditions, ego-threat, fructratiocn, threst
to security, tension, or arousal" (p. 1), These prerent
a rrimerily n=agative connotation that wo:1d refer to
distress, Lpstein (1975) points cut that a stressor
need not neccrosarily create rrontaneous dirforgsnization
within the individual for it may well be ret with adequate
coring mechanismr~, In thils secnse, stress msy be under-
stocd as a benefliclial state vhere the individual is being
conditioned I'ur suovsequent, rerhaps more stressful situations,
The knovledge of how one wight best cope with distress
has been the underlying purpcse of the invastigetion of

stress, knowlrdge that might be readily 2yrlied to tr=



day to day activities of individusls, It has become
evident that there are individual differences that influence,
if not determine, the ability of some peoprle and the
inability of others to cope with given amounts of stress,
Selye (1976) states that ",..each individuel, indeed
every organ 1ln his body, again goes through innumersable
adaptive reactions to develop those characteristics.
which distinguish him from other individuals" (p, L3l).
Each individual perceives stressors differently snd

adapts to them in different ways., It 1is this varying
adaptation resulting in different coping mechanisms that
enables individuals to react uniquely to a stressor,

When faced with a given stressor, one individual may
react maximally while another may react minimally, One
individual's reaction may result in a rerformance increase
while the other's may result in a performance deérease.
Selye believes that although inherent personality factors
predispose individuals to certain coping abilities, "the
manifest features of a person are largely the result of
the stresses to which (this) adaptability is then exposed
during the individusl's own lifetime" (p. 435). Stressors
and the adaptation to them become the coping mechanisms
for subsequent stressors, Epstein (1975) suggested four
factors that influence the individuasl's response to s
stressor: "1) the current level of arousal, 2) the

stebility end flexibility of the individual's self-theory,



3) past training and habits in coping with stress and,

4) the rate and amount of stimulation expected" (p. 192).
Sells (1970) offered additional variables to te considered,
The individual is stressed when he is lacking in adequste
responses for a given situation, "The unavailability

of an adequate response may be due to the individusl's
response repertoire, lack of training, equipment, or
opportunity to prepare" (p. 138).

Realizing that individuals differ in coping with
stress and recovering from stress, a number of studies
have investigated relationships between stress and various
individual variables, Lefcourt (1976) dealt with locus
of " control (whether the individual perceives himself to
be in control of or controlled by his immediate environment),
Houston (1972) studied control over stress and resoonse
to stress in terms of this locus of control, Friedman and
Rosenman (1974) devised a basic life-style reasure, Type
A or non-Type A, largely determined by how the individual
dealt with daily stressors, Lazarus (1G46) pointed out
that "the appraisal of a threst is not a simple perception
of the elements of the situstion, but a judgment, an
inference in which the data are assembled to a constella-
tion of ideas and expectations" (p. Ll). Fast experience
and general life-attitudes will influence how one

approaches problems and stressors from day to day.



Another varisble that has received some investigation
is physical fitness, It has been demonstrated that when
asked to perform a complex task while being subjected to
8 physical stressor, fit people perform better than do
unfit people (Weingarten, 1973), Physically fit peorle
report a 'general feeling of well-being' (Forgan, 1948),
and this has instigated much investigstion, If physically
fit people actuelly do feel better, then perhaps physical
fitness 1is an individual difference somehow relsted to
an over-all personality profile, Harris (1962) reports
that "there is 2 tendency for the 'fit' individuals to
appear more stable in certain psychological traits and
to appear less anxious in others" (p, 292), Fhysically
fit children appear superior on measures of dominsnce,
extroversion, social orientation snd group interaction
(Tillman, 1965). Rarick and McKee (1949) reported that
those children scoring high on motor proficiency tests
also demonstrated less nervous tension snd were more
socialiy adjusted than children w"o scored low on the
same physical measure,

The present study looks at physical fitness as being
ore variable influencing individual coring and recovery
from stress, Although strength, muscular endurance, and
flexibility.are importent, it is generally accepted by
exercise physiologists that the best rmeasure of en

individual's physical condition is his or her cardio-



vascular-respiratory fitness, Glassford, Zaycroft,

Sedgwick and MaclNab (1965) state that ",,.the ability

to perform hard physical work is related to the msximal

capacity of the cardio-vascular-respiratory system to

take up, transport, and give off the oxygen" (p. 509),

Cooper (1976) states that oxygen consumption is the key

to fitness and the amount of oxygen that the body can

utilize is the best measure of physical fitness, This is

a measure of the individual's maximum oxygen uptake or

the amount of oxygen utilized by the body while at a

maximum workload, and is a comment on tre eificiency of

the lungs, the heart, and the blood vessels in transporting

oxygen from the environment and utilizing it within the

body., This is the aerobic power of the individusl, Veasur=-

ing physical fitness in this way has been used effectively

by a number of researchers (ﬁstrand & Rodshl, 1G677;

Cooper, 1978; Taylor & Buskirk, 1955), Aercbic power

is adjusted according to individual body differences,

age and sex, and 1s measured in milliliters of oxygen

consumed per kilogram of body weight prer minute (ml1/kg/min).
One study dealing with physical fitness and stress

monitored the heart rates of subjects exposed to & psycho=-

social .stressor {Cox, Evans, & Jamieson, 1979). The initial

response to the stressor and then the recovery foilowing

the removal of the stressor were measured, Subjects had

been previously tested to determine level of physical



fitness (aerobic power) and it was reported that high
aerobic power individuals recovered more quickly from

the effects of the stressor than did low serobic power
indlividuals, The psychosccisl str?ssor was such that
subjects were led to believe that their level of perfor-
mance on some tests was far below average, The eXperimenter
became quite agitated and ended the sessicn by storming

out of the room, Following perceived fallure, where all
subjects'! heart rates reacted similarly, heart rate

recovery was quicker for high aerobic power individuals
compared to low agerobic power individuals, Similsr

results were reported by Sellick (1977).

Stressors, those things which cause stress, are many
and varied, FHesearch has studied environmental factors
such as extreme temperatures (Weybrew, 1967), noise
(Glass & Singer, 1¢72), density (Freedrmen, 1G72), end
sensory deprivation (Zubek, 1969)., Cf incressing
interest in recent years has been the study of psycho=-
social stressors where the stressor is another person or
other people, A stressor of this nature may be comprised
of & number of factors which may not be completely
independent of one another, Possible factors cr effects
involved are: coaction (Allport, 1924), rivelry (Allport,
192!;), audience (Zajonc, 1965), evaluation aprrehension
(Cottrell, 1968), and impending social corparison (Evans,
1374), When studying the effects of a psychosocial

stressor, both the nature of the stressor and the nature



of the individual's perception of that stressor necd to

be understood as being equally irmportant in terms .of

the impact of the situation upon the individual, A4lthough
the research in the area of psychosocisl stressors began
in the late 1800's, the situations studied were not
referred to as being 'psychosocially stres-ful?',
Psychosocial stressor is a relatively recent expression
capable of referring to all manner of specific situations
resulting in an observed or inferred change in the
individual,

The present study used a competitive situastion as
a stressor, In a competitive situstion threre are a
number of processes taking place, The nature of the
situation dictates that both individuals are striving
towards the attainment of a goal that only one of them
may achieve, As one individual is able tc move closer
to his goal, the other individual moves further away
from his (Deutsch, 1968),

With the competition then there may be cosction
effects as the competitors sit facing each other,
Triplett (1897) studied children in a coactive situstion
and reported that while in t-e presence of otrers per-
forming the same tasks, children were able to turn
fishing reels faster and cocunt more quickly than when
they performed these tasks alone, <Similarly, Allport
(162l;) reported that when in the presence of others, subjects

wrote more assccistions, produced more vovel cancellations



and more perspective reverssls, ccrpleted more «ultiplics-
tion problems snd wrote more refutations cf a2 glven
argument than when alone, :allport (1024) also msintained
that a distinction was necestary between coactiorn and
rivalry, both resulting in the performance ircresce, the
former being the presence of 2nother engsged in the same
activity in fﬁll view of one ancther and the lstter eing
a cognitive desire to outperform others, ~1so in the
competitive situation will be audience effeccts, Yaicnc
(1665), in his review of the literature, concluded that
along with coaction and rivalry should ke a factor cr

effect termed 'mere presence', Ile believed that tre rere

10

presence of snother individual would te csrabtle o’ enhancing

rerformance, Juring competition in the -~rerent stndy,
the subjects!' performance would be observed Ty the exveri-
menter and in terms of Zajonc's corments, thir would be
an additional psychosociasl stressor, There mav alsc he
evalustion apprehension assuring that the outcome of t

competition will be evident to both competitors and

i~y

spectators, Cottrell (1¢A8) took exception with Zai'nc's
notion of mere presence by maintaining that the audlience
effect will only enhence performance if the spectator will

evaluate the individual's performence, The rrercence of

an audience must be interpreted in terrs of irpending

[

}e

1
* L

reward or punishment and it is the anticipstion of such
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evaluation that serves as the stressor. Similar

conclusions were reported by Henchy and Glass (1968)

and by Paulus and Murdoch (1971). An interesting addition
to the evaluation apprehension discussion is the work of
Welss and Miller (1971). They interpreted audience

effects first as an aversive stressor where the anticipation
of failure 1s the motivating force and second, ds a positive
stressor where the audience is a cue for possible positive
social reinforcement, These studies have all demonstrated
that a psychosocial stressor enhances performance, In

these instances the stressor has aroused the individual

to a point not beyond his level of optimal arousal,

In the present study subjects were exposed to a
psychosocial stressor (competition). Throughout the
experiment three measures of individual responses were
monitored for both those subjects exposed to the stressor
and those not exposed to the stressor (control). Stress
is accompanied by a general physiological arousal which,
in the present study, was monitored by measuring heart
rate.

The second measure used was a self-report rating
on a twenty-one point perceived pleasantness scale. Very
little work has been done concerning the changes in affect
upon presentation and then removal of a stressor. As

Selye pointed out, the individual's perception of the



situation will greatly influence the total experience
of that situation, That 1s, while one Individunl may
report It to be rewsrding and positive, sncther may
report the same situation to be threstening, The firet
will more likely attend to the task and rerhaps irmprove
performance, interpreting the experience as eustress,
The second will more likely ccncentrate on reducing

the elfects of the threatening situation (anriety,
fear) and may have 2 decrease in performarce, This
would then be a distressful situation, Selye believes
that we have the ability to deal with potentially
threstening stressors in a positive manner and that our
attitude towards the stressor will greestly influence
our actual behaviour in face of thet stressor,

The third measure used was a behavioursl measure,
performance on a pencil and paper task, DPerforrance can
elther be erhanced or retarded during stress, Depend~
ing upon the nature and degree c¢f the stressor, as well
as the response capabilities of the individuesl, perfor=-
mance may increase or decrease, The relationship tetween
arousal and performance 1is best understocd in terms of
an inverted-U (Malmo, 1959)., Too much stress will result
in a decrease in performance, as will toc little stress,
Therefore, each individual has his own particulsr level

of stress at which he will perform maximally, This
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optimal level of arousal is different for esch individual
and for each individual, is different for esch task, In
the case of toc little stress, boredom results in s
performance decrease as attention wanders from the task,
In the case of too rmuch stress, the individual's attention
is devoted towards reducing the anxiety and discomfort
of the stressor rather than towards maximum nerformsnce,
The interest in collecting data fror these three
measures stems from the fact that it is not “rown whether
the apperent physiological advantage of the high eserobic
power 1individual in recovering from stress rore guickly
than the low aerobic power individual is accormpanied by
affective or behavioural differences, TIish (1978)
demonstrated a positive correlation betweer heart rate
and performance while the Individual was exposed to a
stressor, That is, heart rate incresse wss accompanied
by performance increase, The present study enticipated
a similar correlation after the reroval of the stressor,
That 1s, heart rate decrease womld be accorpsried by
performance decresse, In view of the quicker heart rste
recovery for high aserobic power individuals, a quicker
performance decrease was anticipated for high serobic
power individuals, At first glance this would appear
to be a disadvantage for the high serobic pover peovle
for they would likely prefer their performance to not
decrease quickly, It must be noted that this present

study is only the first step in a series of studies that



would be necessary to fully investigate this area, This
is a low stress situation with a 'simple task, Subsequent
studies would vary the degree of stress and the degree

of task difficulty. If performance does correlate with
heart rate following the removal of the stressor and the
performance of the high aserobic power people dnes decrease
quickly, the next step would be to investigate the same
question under a high stress situstion., The implication
is that following a situation where individuals were
stressed beyond thelr optimal level of performance, the
quicker heart rate recovery of the high serotic power
individual would enable him to more quickly return to an
optimal level of performance,

There is no research to indicste how subjects may
respond affectively, although intuitively one might
expect that as performence deteriorated, subjects would
report the experience to be less pleasant, Similarly,
as performsnce increased, subjects might report the
experience to be more pleasant, The author had expected
the pleasantness ratings of the high aerobic power
individuals to decrease more quickly than those cf the
low aerobic power individuals following the removal of
the stressor, Quicker heart rate recovery was expected
to be accompanied by quicker performance decrease, and
quicker performance decrease was expected to be accom-

panied by quicker pleasantness rating decrease.



METIIOD

Subjects

Eighty Introductory Fsychology students were asked
to participate in a short test that would deterrine
their level of physical fitness, Forty femsle subjects
and forty male subjects were giver two marks towards
their finsl course grade for their participation In
the fitness test and in the experiment conducted A few

weeks later in tre psycholougy department, Thre first

part of the experiment was conducted in the exercise

t

physiology laborstory., Subjects were enccuraged to
participate in both parts of the experirment and were
informed that partial participation wes of no value to

the experimenter., Towards the end of the data collection,
two subjects could not be contacted and were replaced

by one female and one male from a third yeer psychology

course, These participants received no credit towards

their course grade, Ages ranged from 18 years to 2} ve=ars,

AEEaratuS

The aerobic power of each individuzl vas measured
using the Astrsnd-Rhyming (1954) nomograr whereby the
individual performed submaximally on a lonark bicycle
ergometer, The heart rate of each individual was

monitored using a cardiometer measuring heart rste,

15



During the second part of the experiment In the rsrchology
laboratory, heart rate was measured using s polygraph
(Cilson FModel M5P), The rolygraph wss situated betind

a wall of shelves 1in such a way that the subjects vere
not able to observe the record of their hesrt rate, The
use of heart rate as a measure of physiological eroussl
nas been the focus of debste in recent yesrs (BElliott,
1969, 1972, 197l; Lacey, 1967, 1974). Yowever, “eybrew
(1967), writes that an incresse in heart rate is an
accurate indicstor of an incresse in psychological
stressors, There is good evidence that in situations

of incentive manipulations and in situations where task
performance will be monitored, heart rate is an accurate
comment on changes in physiological arousal (Elliott,
197l ; Evans, 1972, 1974). Additionsl support for the
use of heart rate as a measure of stress caused by
cognitive stressors has been provided by 51ix, Strorre,
and Ursin (1974).

On completion of each task trisl the erpcrirenter
asked the subject to rate his perceived pleassantness on
a scale of one to twenty-cne, Appendix T contains the
perceived pleasantness rating scale,

Performance on s digit-letter substitution task was
the behavioural measure used throughout the experiment,
There were eight trials of this task giver to each
subject, Appvendix II contains an exemple of the digit-

letter substitution tssk,



Frocedure

The first part of the experiment was conducted
in the exercise physiology laboratory and subjects
were tested either alone or two at a time, The
procedure for testing aerobic power was as outlined
by Astrand and Rodahl (1977). Appendix IITIprovides
baesic guidelines for the submaximal test of serobic
power,

Subjects first read and then signed a consernt
form (Appendix IV*) indicating that they were prepsared
to take p;rtfin the experiment, Sex, age, weight, and
blood pressure (precautionary measure) were recorded,
In order to record heart rate throughout the session, sa
pick=-up was placcd in the vicinity of the heart and
secured with an elastic strap, Males did not wear shirts,
Females were instructed on how the pick-up wess to be worn
and then stepped behind a screen and secured the pick-up
benesth their clothing. Subjects were then ssked to sit on
the bicycle ergometer and the sest was adjusted so thsat
there was full leg extension when pedalling., The pick-up
was plugged into the cardiometer (Cardicnics ab, F=2)
which was situated in such a way that the subject would
not be able to observe his heart rate, The subject was
instructed to pedal the bicycle tc the brst of s me tronome
set at 100 beats per minute, This resulted in the

subject pedalling fifty revolutions per mrminute,



The subject was asked to rate how physically fit
he thought he might be and asked how much he exercised,
From this the experimenter set the workload at a level
estimated to be sufficient to increese heart rate to
approximately 130 bpm by the end of a six minute
period, If tbe workload appeared to be not sufficient
to result in this heart rate, it was increased witrin
the first few minutes and the six minute reriod was
begun again, The héart rate after five minutes was
recorded and then compared to that after six wminutes,

If the heart rate remained at a steady state over that

one minute period (+ 5 bpm), the second six minute period

began, If heart rate varied more than 5 bom from the
fifth to the sixth minute, an additional rinute was
added to the period until steasdy state was achieved,
The second six minute period was conducted with an
additional workload designed to result in a steady state
heart rate of 150 bpm by the end of the reriod, Again,
heart rate could not vary more than + 5 bpm during the
last minute of the period,

Subjects were then instructed to continue to
pedal as the workload was decreased and heart rate
recovered, Once heart rate had returned to less than
100 bpm, subjects were instructed to stop redalling and

to remove the pick-up., Subjects were told that they

18



would be contacted within a few weeks in order tc set

a time for the second part of the experiment, following
which the results of the physical fitness test would be
avellable to them, The subject was then dismissed,

A second experimenter was given the obttained data
from all subjects and it was this second ex erimenter who
determined the predicted MVGp, (aerobic power), and then
placed subjects in groups according to their messured
aerobic power, Aerobic power was deterrined using charts

published by Astrand and Rodahl (1977, pr. 342-255),

A

Results were checked using a disc provided with the “onark
bicycle ergometer (Astrand, 1960)., Suktjects were rank-
ordered within each sex, The top twenty femnrles and the
top twenty males comprised the high serobic vower group
while the lower twenty fermsles and the lcwer twenty males
comprised the low aerobic rower group,

Upon entering the psych-ology laboratory for the
second part of the experiment, each subject was asked to
sit at the table and to make himself comfcrtaktle, The
plethysmograph was placed on the first finger of the non-
preferred hand and its function was exr-lained, Farticipesnts
were assured that there would be no pain and informed of
the importance of keeping the plethysrograph as ~till as
possible throughout the session,

Subjects were made aware of the Fercelived Pleasantness

Rating Scale and were then asked to make themselves



20

comfortable and to relax as much as possible for a
period of time, Following the first relaxstion period
(three minutes), subjects rated how pleacant they had
found the last few seconds of that period and were then
introduced to the digit-letter substitution task,
Subjects were allowed sixty seconds to corplete as

many substitutions as possible after which they rated
how pleasant they had found doipg the task, Three
additional trials, each followed by s plearantness
rating, were administered to each subject,

On completion of trial four, the experimenter
looked at the cards previously prepared by the second
experimenter, It was at this time that the first
experimenter disccvered which group the subjects had
been assigned to, the no competition group or the
-competition group, If the subject had been assigned to
the no competition group, trial five ccntinued as had
trials one, two, three, and four, If the subject had
been assigned to the competition group the experimenter
excused himself from the room, returning within thirty
seconds with another first year psychology student, In
this situation the second student (a confederate) was
asked to sit in the chair opposite the scubject, The
second plethysmograph was placed on the lirst finger
of the confederate's non-preferred hand and its function

was explained, Two tasks were placed face down on the
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table, one in front of each student, Instructions were
again given regarding the procedure and then it wss
explained that as well as trying to do the task as quickly
and as well as posslble, each individual was expected to
try and beat the other person in the nurber of completed
substitutions in the one minute trial, The trial was

then run, after which the confederate was shown from

the room and the original subject asked how pleasant he
had found the competition,

Trials six, seven, and eight were then administered
and the procedure was idential for all sutjects, These
final three trials were run identically to the first
four trials,

On completion of trial eight the subject wes asked
to once agein make himself as comfortable as possible so
that he might relax for a short period. Once the subject
was comfortable, the three minute relaxstion period
began, At the end of the relaxation period the subject
was asked to rate how pleasant he had found the last few
seconds of the relaxation period,

The plethysmograph was then removed and the subject
was told that the experiment was corpleted, The subject
was then debriefed and all aspects of the experirent
were ex::lained and all questions were answered, Vith
this the session was ended and the subjects were shown

from the room,
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Appendix V contains a set of verbatim instructions
and procedure for the experiment, Appendix VI presents
the topics covered during the post-experimental

interview, FIigure I presents a flow chart of the

experimental procedure,



Pigure I

FLOW CHART
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EXPERIMENTAL FROCEDURE
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First Relaxation
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four Task Trials,
each followed by a pleasantness
rating (1 minutes each)

Random Assignment to Groups
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Group

‘Fifth Task Trial
Pleasantness Rating
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Croup:

|

Three Task Trials,
each followed by a pleasantness

rating (1 minute each)

Second Helaxation
Period (2 minutes)
Pleasantness Rating

Post Ekxperimental
Interview

!

End of
Experiment




RESULTS

This study used a 2 X 2 X 2 factorial design,
The first two factors were clsssificational variables,
each with two levels, The first factor was sex (femsle,
male) and the second factor was aerobic pover (low aerobic
power, high aserobic power). As explained previously,
subjects had been administered a test of aerobic power
and then, within each sex, had been classified as either
having low aerobic power or high aerobic power, The
third factor was the comgetition mwanipulstion where
within sexi:and aerobic power groups, subjects were

randomly assigned to either no competition or competition,

Aerobic Power Analyses

Table 1 presents the means and standard devistions
for serobic power for each of the elght grouprs in this
design. Aerobic power is presented in milliliters of
oxygen utilized per kilogram of body weight per minute
(ml/kg/min), Aerobic power data were snalyzed using
2 X 2 X 2 factorial analysis of variance.to determine
whether groups differed on this variable, The analysis
on the data rresented in Table I indicated a significant
main effect due to sex, F(1,72) = 9,26, p < .01, Aerobic
power for females (X = 36.83 ml/kg/min) was less than

that for males (X = }0.23 ml/kg/min), There was also
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a slgnificant maln effect due to aserobic power,
F(1,72) = 124,13, p< .001, Aerobic power for the
low aerobic power group (X = 32,20 ml/kg/min) was
lower than that for the high aerobic power group
(X = 44,75 ml/kg/min), Appendix VII contains a

summary of this analysis.and the aerobic rower dsata,
Table I

Means and Standard Deviations for Aercobic Power® of All Groups

Independent Variables N Mean Standard Deviation
NC 10 30.30 .71
LAP<<::: ] 7_
¢ 10 30.90 3.63
Female
NC 10 13,90 7.82
HAP<::::
C 10 12,20 .56
NC 10 34,10 3.76
LAP<:::j
C 10 33.90 3.87
Male
NC 10 46,50 5.93
HAP
G 10 L6140 5.15
For Entire Sample 80 38.52 .07

“measured in milliliters of oxygen utilized
per kilogram of body weight per minute,

PreStress Measurements

The next snalyses were performed on prescores,
i.,e., the data collected during the fourth trial which

was the last trial before the competition manipulstion,



26

Analyses were completed to determine on what variables
groups differed before the manipulation was introduced.
Three variables were measured during this trial, namely
heart rate, perceived pleasantness, and performance,

The analysis on heart rate prescores indicated a
significant main effect due to aerobic power, E(1,72) =
10.71, p é:odlo‘ Heart rate for the low aerobic power
group (X = 89.58 bpm) was higher than that for the high
aerobic power group (X = 81.60 bpm). Appendix VIII
contains a summary of this analysis,

The analysis on perceived pleasantness prescores
did not reveal any significant differences, nor did the
analysis on performance prescores, Appendix IX and
Appendix X contalin summarles of these analyses, respect-

ively,

Stress Measurements

The three dependent variables used to measure the
response to stress were heart rate change-scores,
percelved pleasantness change-scores, and performance
change-scores. Change-scores were calculated by
subtracting scores obtained during the fourth trial
from scores obtalned during the fifth trial. The fifth
trial was the trial dAuring which the competition
manipulation took place.

The analysis on heart rate change-scores indicated
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a significant main effect due to sex, F(1,72) = 5,78,

p < .05, Heart rate change for females (XA = 4.50 bpm),
was less than that for males (EA = 9,40 bpm), There
was also a significant maln effect due to corpetition,
F(1,72) = 39,75, p < .001l, Heart rate change for the

no compretition groups (XA = ,53 bpm) was less than that
for the competition groups (XA = 13,38 bpm). A sex by
competition interaction was slso revealed, F(1,72) =
4.98, p < .05, For females the difference in heart rate
change for the no competition group compsred to the
competition group was €,30 bpm, This same difference
for males was 17,40 bpm, Figure II illustrstes this
interaction and Appendix XIcontains a sumrary of this
analysis,

The analysis on perceived pleasantnecss change-scores
indicated a significent main effect due to competition,
r(1,72) = 8,58, p < .01, Perceived pleassantness change
for the no competition groups (XA = ,02 points) was
slightly positive while that for the competition groups
(XA = -1,7 points) was negative, There was alsc s sex
by competition interaction which approached significance,
F(1,72) = 3.33, p <.07. Tor females the difference in
perceived pleasantness change for the no competition
group compared to the competition group was -2,8 points,
This same difference for males was -,65 points, Tigure III
illustrates this interaction and Appendix X1I contains

a summary of this analysis,
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The analysis on rerformance change-scores did not
reveal any significant differences, Aprendix XIII

contains a summary of this snalysis,

tecovery from Stress Measurements

Analyses were performed to determine whether sex
or aerobic power were assoclated with recovery from
stress, Since only the forty subjects exrosed to a
competitor were stressed, only data from these forty
subk jects were analyzed,

As mentioned previously there were three recovery
trials and a re=st period following the competition
ranipulatidén during trial five, To investigate recovery
from stress, 2 X 2 X Iy analyses of variance were used
on heart rate, perceived pleasantness, and performance
data, The first between-groups factors was sex (fersle,
male), the second between-groups factor was serobic
power (low aerobic power, high aerobic power), and tte
within-groups factor was trials (competition trial and
three recovery trlals), The heart rate aralysis revealed
a significant sex by aerobic power interaction, (1,38) =
5.12, p < .05, For females the difference in heart rate
change between the low aerobic power group sznd the high
aerobic power group was 1,83 bpm, The sare value for
males was =10 ,,5 bpm, Figure IV illustrates this inter-
action, There was also a sex by trials Intersction,

¥(1,108) = 2,9¢, p < .01, Across trials, heart rate
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récovery for females (-10.00 btpm) was less than that for
males (-17,95 bpm), Figure V illustrates this inter-
action, A significant aserobtic power by trials inter-
action was also revealed, F(1,108) = 2,63, p < .05,
Across trials, the heart rate recovery for the low
aerobic power people (-10.85 bpm) was less than that

for high aerobic power peorle (-17.10 bpm), Figure VI
illustrates this interaction and Appendix XIV contains

a summary of this analysis,

The 2 X 2 X I} analysis on perceived pleasantness did
not detect any differences, The analysis on performance
change revealed a significant main effect due to sex,
F(1,36) = 4.03, p <.05, Collapsed across trials, average
performance score for females (X = 55,76 completions) was
greater than that for males (X = 50,71 completions),
Summaries of these analyses for perceived pleasantness
and for performance are contained in Appendix XV and
Aprendix XyI respectively.

Upon completion of analyses utilizing the data from
the competition trial and the three recovery trials, it
appeared that the major proportion of recovery among
groups occurred immediately following the competition
trial, In order to determine whether differences among
groups became apparent during this immediate recovery,

subsequent data analyses were done on the first
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recovery triel using 2 X 2 anslyses of variasnce, The
first factor was sex (female, male) and the second
factor was aerobic power (low, high), Three dependent
variables were used to measure immediate recovery from
stress, heart rate recovery-change-scores, perceived
pleasantness recovery-change-scores, and performance
recovery-change-scores, Recovery~change-scores were
calculated by subtracting variable scores obtained
during triael five, i.,e., the competition trial, from
corresponding scores obtained during trisl six, i,e.,
the first post-competition trial,

Analysis on heart rate recovery-change-scores
indicated a significant maein effect due to sex,

F(1,36) = 4.12, p < .05, Heart rate recovery for females
(XA =--9,10 bpm) was less than that for males

(XA: = -16,45 bpm), There was also a main effect
approaching sifnificance due to aerobic power, F(1,36) =
3,52, p < .07. Heart rate recovery for the low aerobic
power group (XA = -9,L40 bpm) was less than that for the
high aerobic power group (XA = -16,15 bpm)., Appendix XVII
contains a summary of this analysis,

The analysis on perceived pleasantness recovery-
change-scores did not reveal any significsnt differences,
nor did the analysis on performance recovery-change-scores,
Appendix XVIIand Appendix XIX contain summsries of these

analyses,
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Relaxation Period Measurements

Analyses utilizing the heart rates and the
perceived pleasantness ratings from the two relaxetion
periods were completed to investigate recovery from
stress, To determine whether the stressed groups differed
in change from the first relaxation period to the second
relaxation period, the values from the first period
were subtracted from those of the second period, These
data were anaiyzed using 2 X 2 factorial analyses of
variance, The first factor was sex (female, msle) and
the second factor was aerobic power (low, high). The
heart rate data did not reveal any différences among
groups, For perceived pleasantness there was a difference
which approached significance, 2(1,36) = 3,58, p < .07..
The pleasantness rating for low aerobic power people
increased (0.9 points) from the first to the second
relaxation period. The corresponding value for high
aerobic power people decreased (-0,L5 points),.
Appendix XX and Appendix XXI contain summaries of

these analyses, recspectively,

Correlations

To investigate possible relationships among
physiological, affrctive, and behavioural variables
during stress and during recovery from stress, some
correlational analyses were performed,

The first set of analyses were done on change-scores,
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i.e., the correlations among heart rate change-scores,
perceived pleasantness change-scores, shd performance
‘change-sépres. Recall that change-scores were arrived

at by subtracting the values measured during trisl

four from the corresponding values measured during trial
five, The first correlational analysié was done using

the data from all eighty of the subjects who participated
in the experiment, Then, these same correlstions were
calculated using the data from the forty subjects who

were not stressed, i.e.,, the forty subjects who were in

the no competition group, Finally, these same correlations
were calculated using the forty subjects who were stressed,
i.e., the forty subjects who were in the competition group,

Tables I1(a), II(b), and II(c) present these analyses,

t4
The second set of anslyses were done on recovery-
change-scores, i,e., the scores used tc measure
recovery from stress, Recovery-change-scores were
arrived at by subtracting the values measured during
trial five from the corresponding values measured during
trial six, The first correlational analysis was done
using heart rate recovery-change-scores, perceived
pleasantness recovery-change-scores, and rerformance
recovery-change-scores for all eighty subjects, Cfimilar

correlations were calculated using data from the fcrty

subjects who were not stressed and then using the data



from the forty subjects who were stressed, Tables

1II(a), 11I(b), and III(c)

present these snalyses,
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Table II

Corrélation Matrix for the Three Dependent Measures

used to Measure Stress

a) All Subjects (n = 80)

heart rate pleasantness performance
heart rate -0,1089 0.1593
pleasantness 0.0945
b) No Competition Subjects (n = 40)

heart rate pPleasantness performance
heart rate 0.,2470 0.3663%
pleasantness 0.499u™**
c) Competition Subjects (n = 40)

heart rate pleasantness performance
heart rate 0.0559 0.0713
pleasantness -0.0257
*

P <.01

L

*
p <.,001



Table I1I

Correlation Matrix for the Three Dependent Measures

used to Measure Recovery from Stress

a) All Subjects (n = 80)

heart rate pleasantness performance
heart rate -0,0779 0.0203
pleasantness 0.3293"
b) No Competition Subjects (n = 40)

heart rate pPleasantness performance
heart rate ! 0.21732 0.0772
pleasantness 0.4248™*
¢c) Competition Subjects (n = 40)

heart rate pleasantness performance
heart rate 0.1618 0.0256
pleasantness 0.3119*

*p <.05

¥* 3
rp <.001



DISCUSSION

Analyses were completed on aerobic power data
and on prescore data in order to detect differences
among groups before the experimental manipulation was
introduced, For the aerobic power data, it was found
that females Had a lower average aerobic power than did
males, Based on previous research (Astrand, 1975), this
sex difference was anticipated, For the prescores
obtained during triael four, the only difference found
was physiclogical, Average heart rate during trial four
for the low serobic power group was higher than thast for
the high serobic power group, One would expect this
since aerobic power is a measure of the efficiency of
the cardio-vascular-respiratory system, and the individual
with a less efficient system tends to have a higher heart
rate (Astrand, 1975). No differences were detected by
the analyses on affective prescore data or behavioural
prescore data, indicating that the random assignment
procedures used were satisfactory,

The main purpose of this study was to determine
whether recovery from stress would manifest itself in
affective change and behavioural change as well as in
physiological recovery., It had been suggested that the
benefit of a quicker heart rate recovery, found armong

individuals with high aerobic power, would be accompanied
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by a quicker change in affect and performance, 3efore
dealing with the recovery from stress analyses it is
necessary that the initiasl responses of the subjects

to the stressor be discussed,

Stress

Competition was an effective stressor producing
both physiological change and affective change that was
not found among subjects not exposed to cowretition,
Compared to those not in competition, sutjects in
competition demonstrated a greater incresse in heart
rate and a greater decrease in perceived pleasantness,
It has been w?ll substantiated that the presence of s
psychosccial stressor is accompanied by heart rate
increase (Cox, Evans, & Jamieson, 1979; Evans, 1972,
197L; Sellick, 1977)., The decrease in sffect 1s as
one might expect, that people do not generally enjoy
competition of this nature, To the author's knowledge
no previous work has been reported that might provide
empirical evidence supporting this finding, Whether
this result is a comment on the nature of the situation
or on the nature of the participants (university
students) is not known, Regardless, this self-report
measure deserves further study,

One additional difference was the way in which
females differed from males in reacting to competition,

In comparison to their respective no competition groups,

L2



females' heart rates increased less than did the males?,
while females' perceived pleasantness rating decressed
more than did the males', It 1s possible that femsales
and males respond differently to competition, Neufeld

and Davidson (197L) reported some evidence supporting

L3

sex differences in response to stress, Males were génerally

more reactive on heart rate and skin conductance messures
following exposure to a stressor (pictures of rutilated
bodies), [emales were generally more resgonsive on two
of the three self-report indexes, followirg errosure to
the same stressor, However, in the present =study other
possibilities could account for the sex differences,

The competitor was female, so females competed with a
member of the same sex while males corpeted with a membter
of the opposite sex, [Further, the experimenter was msle
which may have been a factor involved in the obtained

sex differences, Subsequent research would be necessary
to investigate therse sex differences further,

Competition was not accompanied by 2 significant
increase in performance compasred to no competition, This
is survrising in view of the work of Evans (1974) end
Fish (1978) where performance on a similar task and an
identical task respectively, did increase in competition,
The present situastion, as presented by the excerimenter .
and the competitor, may have been quite different from

the situations presented in these two earlier studies,



As mentioned, the competitor was female and she was very
pleasant throughout the session, The evperirenter hsd
previously spent approximately one hour with esch subject
(testing subjects' aserobic rowers) and perhaps presented
a very éomfortable and non-threstening situstion, These,
among many other reasons could be responsible for the
rather surprising lack of an increase in rerformance

during comretition compared to no comretition,

Recovery from Stress

As mentioned previously, since only the forty subjects
exposed to a competitor were stressed, only the data from
those forty subjects were 2nalyzed. following the
competition, "eart rate recovery of the »igh saerobilc
power group was greater than that of the low serobic
power group and, heart rate recovery for fermales was less
than that of males, This first difference is corzictent
with results reported by Sellick (1977) and by Cox, Fvans,
and Jamieson (1979). Concerning the second difference,
since aerobic power of females was less than that of rmales,
one would expect females to recover more slowly, However,
this finding may also represent a sex difference worthy
of further investigation,

In the Cox et al, (1979) study, the difference in
heart rate recovery of the low aerobic power sroup snd

the high aerobic power group was revesled st the end of



the five minutes relaxation period, Following the
removal of the stressor, subjects were asked to complete
a8 short questionnaire and then to sit and wait quietly,
In the present study subjects were immediately given
three additional tasks to complete before being asked
to relax, 1In this situation the difference in heart
rate recovery was detected within two minutes of the
removal of the stressor, In the Cox et al, study, the
average heert rate increase in response to the stressor
was 33,39 bpm while in the present study the average
heart rate increase in response to the stressor was
13.38 bpm, Although this may account very well for the
difference between the studies, another possibility is
worth considering., In the Cox et 21, study subjects were
allowed -to relax and in this way were perhaps encouraged
to contemplate their performance, The present study
immediately directed the subject's attention towards
additional tasks, The implication is that directing
one's attention towards something other than the previous
performance may be & coping strategy capable of eliciting
gquicker recovery,

No differences were detected by anslyses on post
competition affect or performance, It is possible that
there may be no difference between aerobic power groups

in affect or behaviour following exprosure to a stressor,

L5

Another possibility is that the measures used in the present



Lé

study were not sensitive ecncough to detect dirfevenrces

that may have been present, 1In addition, all subjects

had returned to their pre-competition heart rate before
the end of the first post-competition trisl, PMeasurements
were not taken until this trial was completed, It is

the author's opinipn that further investigation in

this regard is worthwhile,

Relaxation Periods

In terms of the whole experiment, the aerocvic power
groups differed on perceived pleasantness change from
the beginniné of the experimental session to the end,
While the low aerobic power group's pleassntness rating
increassed, the high aerobic power group's ple=santness
rating decreased, Although it had been anticipsted
that any differences would have been in the opposite
direction, this 1link between a physiological difference
and a difference on a measure of affect is worth noting,
Jowever, this difference onrly approached significance

and 1s cresented only as a trend worth considering,

Relationships Among Dependent Variables used to Measure “tress

Analyses using heart raste chenge-scores, perceived
pleasantness change-scores, and performance change=-scores
(trial four to -trisl five) revealed significent correla-
tions armong the no competition subjects, There were

significant correlations between heart rate change and



performance changg, and between perceived rleasantness
change and performance change, This first correlation
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