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ABSTRACT

The purpose of this thesis was to examine the effects of various
cognitive strategies on the performance of a 400 metre swimming task.
The experiment consisted of three replications of a single subject design.
The independent variables were the three forms of cognitive strategies
presented to each subject. The major dependent variable was the length
of time it took each subject to perform a 400 metre swim. One treatment
per session was presented. The order of the treatment conditions was
randomly selected from a 3 x 3 Latin square. Where performance was
indicated as being superior for one particular condition, then that condi-
tion was applied more frequently.

The results indicated that two out of the three subjects (subjects
1 and 2) performed better using a task specific strategy. No differences
in effect of the treatment conditions were indicated for the other
subject (subject 3). Posttest and postexperiment questionnaires indicated
that: (a) subjects 1 and 2 experienced more discomfort using the task
specific strategy; (b) that pain was not a major limiting factor in
performance; (c) all subjects could concentrate on the assigned strategy;
(d) a learning effect occurred for subject 1 using the task specific
strategy and for subject 3 using the task specific and voluntary distraction
conditions; (e) pretest expectations to do well or poorly might have
affected performance for subjects 1 and 3; and (f) all subjects preferred
the task specific strategy, and considered it to be the best and most

effective condition for improving performance.
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Chapter I

INTRODUCTION

Statement of Purpose

The purpose of this thesis was to examine the effects of various
cognitive strategies on the performance of male swimmers in a maximum

effort swimming task.

Significance of the Study

There is an ever growing body of opinion amongstrcoaches, sports
psychologists and exercise physiologists that psychological and not
physiological factors are the major limiting factors in improving sports
performance (Kane, 1979; Morgan & Pollock, 1977; Rushall, 1979; Taylor,
1979). Why on numerous occasions do athletes in the peak of physical
condition fail to meet expectations? Obviously psychological considera-
tions must play a commanding role. Whilst recognizing that there are
many different factors involved in psychological preparation for competition,
this study was solely concerned with cognitive strategies which were used
during the event itself to try and alter pain coping capacities. This
concentration evaluated one major psychological determinant of performance.

Many athletic events, including the 400 metre swim, incur varying
amounts of pain owing to the onset of lactic acidosis and the discomfort
of muscular fatigue. In many events these physiological parameters are
unavoidable. They can be delayed by improvgd physical training but they
are still unavoidable. The athlete therefore has to face and endure pain
which is obviously a limiting factor in performance.

It has been sho&n that cognitive strategies are successful in

altering pain coping capacties (Barber & Hahn, 1962; "Beers § Karoly, 1979;



Blitz & Dinnerstein, 1971; Peterson, 1978). Howevegwxmost of the

research in this field has been conducted in the laboratory using methods
of pain stimuli such as cold pressors and radiant heat. There have been
few attempts to study the effects of pain reducing strategies in the
actual sporting environment. Crossman (1977) attempted to assess the
effectiveness of cognitive strategies on the maximum endurance of inter-
collegiate wrestlers whilst treadmill running. All subjects preferred
strategy conditions to unaided conditions. Selkirk (1980) tested endurance
runners performing in a maximum endurance run on a treadmill. Running
performance of endurance runners was increased when a planned strategy

was used. Two areas of criticism of Selkirk's design were: (a) the
athletes only had one attempt at each of the strategies and as such were
incapable of becoming skilled in their use, and (b) the athlete performed
on the treadmill as opposed to the actual athletic track.

This experiment attempted to answer these criticisms by (a) allowing
the subjects many attempts at performing the strategies, (b) allowing the
subjects time to prepare and rehearse the strategies, and (c) testing
the effectiveness of these strategies in the actual sporting environment.

Significant results from this study would have direct implications
for improving athletic performance. Pain is a major limiting factor in
athletic performance. The successful implementation of pain coping
strategies would provide invaluable assistance to athletes throughout a
great variety of sports.

This thesis extended the work of previous researchers by using an
improved research design. The demonstration of an effective psychological
strategy that improves performance would make a significant contribution

to coaching science.



Delimitations

This thesis was delimited to the study of the performance of club
swimmers on the specific task of 400 metre swimming. Three male swimmers
were used. Their ages ranged from 14 to 16 years. The swimmers were all
of the elite level for their respective age groups.

The independent variable was three forms of cognitive strategies
used by the swimmers. The three strategies were as follows: (a) unaided,
(b) task specific, and (c¢) voluntary distraction. These strategies
were selected because they (a) have been used in similar experiments by
Crossman (1977), and Selkirk (1980); (b) have been successfully used in
pain reducing experiments; (c) are simple to understand and employ; and
(d) have been used in sporting situations.

The dependent variable was the length of time it took each subject

to perform a 400 metre maximum effort swim.

Limitations

This study was limited to the performance of three male club swimmers.
The following assumptions were made: (a) that the subjects were able
to understand qnd employ the learned strategies; (b) that the strategies
were performed as instructed; (c) that the pain control strategies were
applicable for controlling extreme fatigue; (d) that any performance
improvements were due to treatments and not to subject expectancies; (e)
that a 400 metre swim was an appropriate distance for employing a cognitive
strategy; and (f) that the subjects performed at maximum effort for each
400 metre swim. For differences to be deemed significant, obvious visual
patterns of change had to be displayed in the data. The requirement that
the subjects performed at maximum effort was employed to maintain the

assessment of practicality in the findings.



Definitions

Cognitive Strategy refers to a consistent perceptual methodology

or mental plan employed by an athlete during an endurance activity in
order to alter or transform the experience of pain from extreme physical
fatigue (Selkirk, 1980).

Unaided Strategy refers to the uninstructed individual plan, or

lack of it, employed by the athlete as a thought control procedure
during an athletic feat (Selkirk, 1980).

Task Specific Strategy refers to the instructed plan which involves

total concentration on technique associated with the activity as a
thought control procedure during an athletic feat (Selkirk, 1980).

Voluntary Distraction Strategy refers to the implementation of one

of numerous uninstructed self-chosen plans such as counting backwards,
goal setting, or singing as a thought control procedure during an athletic

feat (Selkirk, 1980).

Maximum Effort is the highest degree of effort that can be given

during the 400 metre swim.

Performance Time refers to the number of seconds that a subject swims

under a specific condition in an attempt to perform at maximum effort

over a distance of 400 metres.

Club Swimmers refers to the three, male subjects aged 14, 15 and 16

years. The swimmers compete provincially and nationally.



Chapter IT

REVIEW OF LITERATURE

Although cognitive strategies have been extensively used in pain
reducing experiments their application has been somewhat neglected
within the sporting arena. In the laboratory, cognitive strategies have
been successfully employed in altering the pain threshold and pain
tolerance levels of a wide variety of individuals (Beers & Karoly, 1979;
Blitz & Dinnerstein, 1971; Spanos,'Horton & Chaves, 1975). Few attempts
have been made to alter the pain coping capacities of athletes in relation
to the pain caused by the lactic acid and muscular fatigue which accompanies
a maximum effort performance. Crossman (1977) and Selkirk (1980) compared
the effects of different cognitive strategies in alleviating the pain
experienced in a maximum endurance task. The fact that there has been
limited research into increasing pain coping capacities during athletic
performance, necessitates a concentration in this review on the control
of experimentally induced pain, and the pain associated with medical
problems. It would be debatable that the pain associated with muscular
fatigue and lactic acidosis is a similar experience to the pain associated
with laboratory experiments or clinical ailments. However, Cautela (1977)
did establish certain criteria for clinical pain which are satisfied by
the pain experienced in sporting events.

Pain threshold and pain tolerance have been the most frequently used
experimental yardsticks whereby an individual's pain coping abilities can
be measured. The relationship between pain threshold and pain tolerance
is unclear. Clarke and Bindra (1956) found a high correlation between the

two concluding that, "attitudinal variables are responsible for a large



part of the individual differences in both pain threshold and pain
tolerance levels, and that these attitudinal factors are primarily
affective (anxiety, timidity) rather than cognitive in nature" (p. 75).
Gelfand (1964) reported a low correlation, and concluded that pain
tolerance had a larger number of psychological components than pain
threshold. This research supported the work of Hall and Stride (1954)
who reported that 'major variations in pain tolerance can be attributed
to central attitude or pain conceptualization and not to differences in
peripheral sensitivity" (p. 59). Athletes and non-athle;es have been
compared in experimental tests, and whilst ﬁain threshold levels were
of a similar magnitude, athletes displayed a marked capacity to tolerate
pain (Nowlin, 1974; Ryan § Kovacic, 1966; Walker, 1971). However,
experimentation has not shown that the greater pain coping capabilities
of athletes are a direct result of cognitive strategy implementation.
Moore (1976) reported that non-elite marathoners used cognitive strategies
to dissociate their thoughts from the feelings of pain. In direct contrast,
none of the elite marathoners interviewed by Moore followed this procedure,
but instead associated with the pain, and concentrated on task specific
thoughts. Concentrating on the feedback from the pain, to control and
determine task specific actions and thoughts, could in itself be classi-
fied as a cognitive strategy. Whatever the case, it is becoming
increasingly apparent that success in a wide variety of sports is as
equally, if not more, dependent on psychological than physiological
factors (Kane, 1979; Taylor, 1979).

The effects of pain have been altered by a variety of cognitive
strategies. Blitz and Dinnerstein (1971) found that cold pain was reduced

to an equal degree either by suggestion to imagine only the cold aspect



of the water, or interpret the water as pleasant. Beers and Karoly

(1974) compared the effectiveness of four cognitive pain-attenuation
strategies. These were: (a) task-irrelevant condition where the subject
counted backwards in threes; (b) incompatible-imagery condition, which
involved imagining a pleasant, warm scene; (c) compatible imagery condi-
tion, that is, imagining a pleasant but cold-related scene; and (d)
rational-thinking condition, which had the subjects making positive self-
statements designed to emphasize the positive, and minimize the unpleasaﬁt
aspects of the noxious stimulation. All the strategies had the desired
effect of increasing pain tolerance. Rational thinking and compatible
imagery were generally the most effective. Spanos, Horton and Chaves
(1975) reported that the employment of the relevant étrategy (imagining

a situation inconsistent with pain) was more effective in raising pain
thresholds than an irrelevant strategy (imagining a situation unrelated
to pain). However, those results were only applicable to those subjects
who had shown high pre-test pain thresholds. It would seem that those
with low pain thresholds did not have sufficient time to employ the
strategies. Jaremko (1978) used a cold water treatment with 70 subjects
and found that the reversal strategy (imagining a hot day and concentrating
on the cool, refreshing aspects of the water), and the rationalization
strategy (rationalizing the pain in terms of receiving course credit for
participation in the experiment) were the most effective for increasing
pain tolerance. Jaremko also reported that those subjects who became
highly involved in their strategies tolerated pain for longer periods.
Multiple strategies were used by Scott and Barber (1977) when they
subjected 80 subjects to cold and pressure pain. Four treatments aimed

at reducing pain were administered. They were: (a) the collective use



of five cognitive strategies; (b) the same instructions to use five
strategies, but given in a brief form (45 secs.); (c) instructions to

use one specific cognitive strategy; and (d) control. Both of the
instructions to use five cognitive strategies raised average pain tolerance
about 100% above the control level. The employment of the multiple
strategies was also significantly greater than the single strategy, which
in turn, was better than no strategy at all.

Cognitive strategies have been frequently used in the control of
clinical ailments as an alternative to pain medicationf Levendusky and
Pankratz (1975) in dealing with patients suffering chrbnic abdominal pain,
mahaged to execute a successful drug withdrawal procedure by teaching
self-control of pain through relaxation, covert imagery, and cognitive
relabelling. Ribstein-Blinchik (1978) used three different types of
cognitive strategies to reduce persistent pain. They were: (a) reinter-
preting the painful stimuli; (blv_diverting attention from the painful
stimuli; and (c) concentrating on the sensation itself. Peterson (1978)
successfully used a combination of relaxation, distractive imagery, and
comforting self-talk to;minimize pain and anxiety in hospitalized children.

Experiments have clearly shown a high correlation between the ability
to cope with pain, and an individual's current state of anxiety. Bronzo
and Powers (1967) reported that pain threshold was lowered by an anxiety
producing situation as measured by an increase in pulse and blood pressure.
Hasset (1978) reported that dental patients who were highly anxious displayed
lower pain tolerance levels. Feelings of anxiety and the resultant per-
ceptions of pain have been reduced by allowing subjects some measure of
self-control over the pain producing stimulation. In experiments using

electric shock as a noxious stimulation, subjects who perceived they had



no control over the shock rated less shock as more painful than subjects

who perceived they had some control over avoidance of the shock (Ball §&
Vogler, 1971; Bowers, 1968; Staub, Turksy & Scharwtz, 1971). Staub and
Kellett (1972) demonstrated that subjects who received information about

the characteristics and effects of the aversive stimuli, displayed increased
pain tolerance levels.

The correlation between anxiety and pain tolerance levels were
supported by Barber (1959) who hypothesized that pain results when the
individual concentrates on and Teacts to noxious stimulation with anxiety,
or worry and concern. Sternbach (1968) in supporting the role of hypnosis
as a pain reducer stated that, "in hypnotic énalgesia 'it is the absence
of anxiety about stimulation which is the single necesgary,and sufficient
condition for perceiving the stimulus as a non-painful sensation'" (p. 141).
However, Barber and Hahn (1962) found that although hypnotically suggested
analgesia was an effective pain reducer, it was no more effective than
waking imagined analagesia. Greene (1971) investigated the effectiveness
of hypnotically suggested analgesia and pleasant imagery conditions in
modifying the tolerance of an increasingly intense electrical stimulus.
The hypnotically suggested analgesia condition proved most effective in
modifying pain tolerance, and the subjects reported that they experienced
diluting rather than additive effects in the analagesia plus pleasant
imagery condition. Spanos, Radtke-Bodorik, Ferguson, and iones (1979)
assigned subjects to one of four groups according to their hypnotic
susceptibility. The groups were: (a) hypnosis and analgesic suggestion;
(b) hypnosis alone; (c) suggestion alone; and (d) no hypnosis - no
suggestion. Hypnotic and non-hypnotic subjects reported no difference in

their report of pain reduction.
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Johnson (1974) used relaxation suggestions and found them effective
as a pain reducer. Davidson and McDougall (1969) reported relaxation
and cognitive rehearsal to be effective in increasing subjects$' pain
tolerance with the relaxation technique proving to be the most effective,
Bobey and Davidson (1970) investigated methods of reducing pain from the
noxious stimulation of heat and pressure. They reported that pain tolerance
levels were increased after the subjects listened to a 12-15 minute
relaxation tape. Cautela (1977) successfully combined relaxation
techniques and incompatible imagery to reduce the experience of pain.
Whenever the subject felt pain he was told to yell, '"Stop, Relax,“ and
then imagine a reinforcing scene. Feurerstein (1978) also:successfully
used relaxation strategies on 43 subjects who suffered frequent muscle
contraction headaches.

The contribution the expectancy factor made in pain reduction was
investigated by Chaves and Barber (1974). It was repofted that pain
reduction occurred for those subjects who were assigned to the expectancy
group. However, the groups employing cognitive strategies showed greater
reductions. These findings were supported by Beers (1976) who reported
that the expectancy factor did not make a significant contribution to
pain reduction.

The effectiveness of cognitive strategies in altering pain coping
capacities appears to be independent of the type of noxious stimulation
which is presented. Scott and Barber (1977) reported no significant
difference in effects of the application of cold or pressure pain. Clarke
and Bindra (1956) used three stimulators to deliver noxious intensities
of electric current, pressure, and radiant heat. They found no significant
difference in the type and source of stimulation on pain threshold or pain

tolerance levels.
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The relationship between personality and pain sensitivity is unclear.
Brown, Fader, and Barber (1973) found a consistency of pain responsivity
among four personality measures--anxiety, neuroticism, extroversion, and
sensation seeking. The conclusion was drawn that none of the personality
measures was significantly related to measures of pain responsivity.

Lynn and Eysenck (1961) reported a high correlation between extraversion
and high pain tolerance. This view is supported by Shephard (1978) who
stated that reducers (people who consistently underestimate size) were
capable of tolerating more pain than augmenters (people who consistently
overestimate size). Shephard stated that reducers were generally more
extroverted than augmenters. Nowlin (1974) used gross pressure and ischemic
pain with four athletic groups. Nowlin reported that gross pressure pain
does not significantly correlate with 16 personality factors; however,
those athletes high in ischemic pain tolerance possessed the personality
trait of being self-sufficient, whereas athletes low in ischemic pain
tolerance displayed the trait of group dependence.

There is evidence to show that athletes can tolerate more pain than
non-athletes (Ryan & Kovacic, 1966; Walker, 1971). Moore (1976) expressed
the marathoner's view that the key to overcoming the discomfort of pain
was knowing what to expect, and was not related to the fact that these
elite athletes might possess increased pain threshold levels which were
genetically determined. Moore reported that the elite marathoner preferred
to associate with pain, using the physiological signals it gave to make
adjustments in pace, length of stride, and other tasks, specific to the
event. Non-elite marathoners were reported by Moore (1976) as using
cognitive strategies to dissociate from the pain, which they managed to

achieve with varying degrees of success. Crossman (1977) examined
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cognitive strategies as employed in the performance of a maximum endurance
task. The subjects reported a preference for strategy conditions over |
unaided conditions with the employment of the former resulting in an
improved mean performance time. Selkirk (1980) further examined the
effects of cognitive strategies in a maximum endurance task. Four
strategies were used: (a) unaided; (b) imagery manipulation; (c) task
specific condition; and (d) voluntary distraction condition. The
strategy conditions showed a percentage improvement in performance time
over the unaided condition. Although the voluntary distraction condition
was marginally superior, Selkirk (1980) concluded that the task specific
strategy would seem to provide the greatest potential as '"athletes could
concentrate on the maintenance of proper technique in order to direct
their thoughts away from noxious stimulations'" (p. 38).

The successful implementation of strategies will not necessarily
have an immediate positive effect on performance. The athlete may
require a number of trials to learn and effectively use the strategies.
This learning effect was reported by Rushall (1979) in connection with a
world class swimmer, who took 3 days and 5 trials to learn specific mental
rehearsal to the extent where it was more effective than not rehearsing.

In conclusion, it is clear that cognitive strategies can be success-
fully employed to alter the pain coping capacities of: (a) individuals
who are subjected to the noxious stimulation applied in laboratory experi-
ments; and (b) individuals suffering clinical pain. It would appear
possible that athletes are also capable of reducing the limiting effects
that pain may have on performance, by methods similar to those used in
the laboratory setting. The demonstration that cognitive strategies could
be successfully used to improve performance time in a maximum effort task

would be a significant contribution to the field of sports coaching.
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Chapter III

METHODS AND PROCEDURES

Experimental Aims

The aim of this experiment was to assess: (a) the effects of
various cognitive strategies on the performance of swimmers in a 400 metre
maximum effort swim; (b) the degree of difference, if any, between the
effects of different cognitive strategies on performance; and (c) whether
learning occurred, leading to an improvement in mental control of the

strategies.

Experimental Design

The experiment consisted of three replications of a single subject
alternating treatments design (Hersen § Barlow, 1976). This design was
utilized to avoid the intersubject variability that exists in group designs,
and the problems associated in generalizing results from the group
average to the individual subject. The design eliminated intersubject
variability and allowed effects, if any, to be directly observed. State-
ments about other individuals can be made through the process of replica-
tion and '"'logical generalization'" (Barlow § Hayes, 1979). The design
consists of two distinct stages:

1. Baseline stage. During the baseline stage the performance time

of each individual was recorded until stability was reached.

2. Experimental stage. During the experimental stage the two

treatment conditions were applied as well as maintenance of the original
baseline condition. One condition per session was presented. The order
of the administration of the treatment conditions was randomized using

a 3 x 3 Latin square.

——
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It should be noted that when the subject was unable to perform a
trial on a particular day then the treatment condition as specified for
that trial was missed out completely. On the next trial, the subject
would perform using the treatment condition as previously determined by
the Latin square.

It should be noted also that if it became obvious that the subject
performed better under one particular treatment condition then that condi-
tion was to be applied more frequently. The unaided condition then
assumed a '"'probe" status being given periodically to assess the stability
of extraneous variables.

Rogue scores, if any, were determined as those performances which
differed greatly from the norms for that condition. The occasions when
illness or injury greatly impaired performance were considered as rogue
scores. Such scores were not included in the visual inspection for

trends in the experimental data.

Independent and Dependent Variables

The independent variable comprized three conditions under which the
subjects performed. They were as follows: (a) unaided condition;
(b) task specific condition; and (c) voluntary distraction condition.
In the unaided condition, the subject was to think of those things, apart
from technique, that were his usual fhoughts whilst swimming the event.
This is the '"mormal' circumstance for swimming. In the task specific
condition, the subject was instructed to concentrate on the specific
technique aspects and performance requirements of freestyle swimming. In
the voluntary distraction condition, the subject was instructed to use a

strategy or strategies of his own design.
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These three conditions were selected because: (a) they have been
used in similar experiments by Crossman (1977), and Selkirk (1980); (b)
they have been successfully used in pain reducing experiments; (c) they
are simple to understand and employ; and (d) they have been used in
sporting situations.

One major dependent variable, performance time, was measured.
Changes in performance time would be the best measure of the effects, if
any, of the independent variable. It has direct relevance to the actual
competitive swimming situation.

Posttest and postexperiment questionnaires (see Appendix A) were
adapted from Selkirk (1980), and administered to obtain information
regarding the following: (a) the amount of discomfort (pain) experienced
by the subject; (b) the degree of the subject's pretrial expectancy;
(c) the percentage of time that the subject was able to employ the
developed strategy; (d) what the subject's thoughts were whilst perform-
ing the unaided condition; (e) the subject's preference and estimate of
effectiveness of each condition; and (f) a description of extraneous

factors that might have confounded the performance.

Subjects

Three male swimmers from the Thunder Bay Thunderbolts Swim Club
were selected by the coach of the club on the basis of suitability,
availability, and reliability. The subjects were tested in the swimming
pool of the C. J. Sanders Fieldhouse at Lakehead University. The swimmers
were all young males aged 14, 15 and 16 years, and had been assessed by
their coach as good swimmers for their age <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>