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ABSTRACT

This thesis 1s concerned with the relationship between arousal

mechanisms, attentional processes and competitive sports performance.

Theoretical 1nterpretations of the arousal-performance
relationship have traditionally followed the 1inverted-U hypothesis.
Based on this approach, the generally accepted view 1in sports
psychology 1s that high levels of arousal are detrimental to good
performance. A review of the relevant psychological literature reveals
the limited nature of such an approach and draws attention to
alternative perspectives such as those offered by the work of Apter and
that of Cox and Mackay. These more recent theoretical approaches allow
more sophisticated 1interpretations of the individual's experience of
arousal to be realised. Important here are other aspects of the
individual's psychological state (cognition and emotion) as these are
thought to affect his or her interpretation of arousal. Interestingly,
the two theories, developed :ndependently by Apter and by Cox and
Mackay, appear consistent, one with the other, and have not previously

been applied to the study of competitive sport.

Several ‘different research techniques were 1ncorporated 1into a
research design which used squash players of varying levels of ability
to examine the various psychological factors 1important 1in their
experience of and performance in competitive squash. The research
techniques, some of which were innovative, proved effective 1in
*dentifying the interaction of arousal and stress 1n relation to

competitive performance.

It was concluded that psychological preparation and experience
(1.e. number of years, number of times per week played), along with

personality characteristics and attentional strategies, contribute to
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success 1n competitive squash. Fluctuations in emotional responses
characterised players whose performance was unsuccessful. By way of
contrast, successful players' (1.e. successful in terms of 1level of
ability attained, skill performance and winning games) psychological
responses were more consistent. They achieved and maintained high
levels of arousal both prior to and during performance. High arousal
was, for successful players, accompanied by low stress and positive
hedonic tone when they were subject to the demands of competitive

squash games.

Overall, successful players (that 1s skilled players in Study 2
and winners from Study 3) were highly extravert and significantly less
neurotic (Eysenck) than other groups of players. Telic dominance was
not a discriminating characteristic 1i1n this 1i1nvestigation, but
successful players' attentional styles were significantly different, as
defined by Nideffer's BIT and INFP subscales, to those styles or
strateglies employed by less capable players. Successful players
generally employed psychological preparation strategles prior to and
during play to a greater extent than other players. When doing so, they
were more concerned with cognitive strategies, in the form of focussing

and planning, than arousal modulation strategies.

The present research investigation advanced knowledge about the
processes involved in competitive sports, providing new and relevant
information. As a result, a number of suggestions for squash coaching
and player development, along with 1mplications for cognitive

intervention with sports performers, have emerged.
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PREFACE

This thesis 1s concerned with the relationship between arousal

mechanisms, attentional processes and competitive sports performance.

My interest in the applications of psychology to the area of sport
developed from my undergraduate student days at Loughborough. Here 1
was able to combine a study of psychological theory with my own
experilences as a first class rugby player. This combination of study
and personal experience continued for some 10 years, during which time
I became 1ncreasingly unhappy with the way sports psychology,
particularly the "accepted" explanations of the effects of arousal, was
being used to 1nterpret behaviour 1in sport. My 1interest eventually
became professional, and I was able to embark on this 1nvestigation,
which arose from a need to demonstrate that, contrary to widely held
opinion 1n sports psychology and the arguments of optimal arousal

theory, high arousal can be a positive and pleasant experience 1n

sport.

Chapter 1 reviews the literature which relates such psychological
concepts as arousal, attention, stress and personality to the
psychological processes 1involved 1n performance and competitive sport.
For those 1involved in the study of what has become known as sports
psychology, the concept of arousal 1s one of central importance. A
traditional view of the arousal concept, the inverted-U relationship
and optimal arousal theory, is presented initially and then, in view of
limitations associated with this approach, two alternative, independent
but consistent approaches to the understanding of arousal are
presented. These are the orthogonal model of stress and arousal (Cox,
1978; Mackay et al., 1978) and reversal theory (Apter, 1982). A central
feature of both these approaches is the importance of subjective

interpretation of arousal by the individual. Based on these two
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theoretical approaches, implications for cognitive intervention
strategies in sport are explored (Kerr, 1987a). Claims that increases
in level of arousal cause attentional narrowing (Easterbrook, 1959;
Nideffer, 1976) are then addressed in a discussion of theoretical views
of the relationship between arousal and attention. Towards the end of
the chapter, previous research work which has examined personality and
sport 1s reviewed. Of importance in this review is the proposition of
Eysenck, Nias and Cox (1982), which suggested that better sports
performers score high on extraversion and low on neuroticism scales.
Finally, the small number of research studies which have focussed on
squash, the context 1n which sports performance was examined 1in this
thesis, are discussed. Only a few of these studies dealt with
psychological aspects of squash, and then in a rather haphazard and
unsystematic fashion. As a result of these considerations, the research
reported in this thesis focussed on the psychological state of players

and their 1nterpretation of arousal prior to and during competitive

squash.

In Chapter 2, discussion 1initially centres on the advantages and
disadvantages of "field" as opposed to "laboratory-type" research 1in
sports psychology. The conclusion reached was that the best features of
both types of research could be maintained by incorporating simulations
into the research design. Secondly, the research methodology adopted 1in
this thesis is described. The strategy involved the use of a number of
different research technigues to examine psychological aspects of
squash performance. Questionnaire survey, "laboratory type"” study and
simulations were incorporated into the research design. Squash players
of differing abilities were the subjects in these studies, and special
interest focussed on their ongoing mood reactions during performance
and developing play. A description of the psychological measures used
with this end in mind, along with information about reliability and

previous use, are also included in this chapter.

The study reviewed in Chapter 3 investigated the psychological

preparation of squash players before competitive play. "Skilled"”,

"average"” and "novice" Canadian and British squash players completed a
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questionnaire specially designed to explore their psychological state
before and during play, in particular those aspects which were
deliberately controlled or planned by players. Differences were found
in the psychological strategies used by novice players when compared
with skilled and average plavyers, before and during competition. In
particular, the study attempted to draw out the salience of "arousal
inducing” compared to "arousal reducing" or "calming" strategies. It
was concluded that the use of arousal reducing technigques was generally

not appropriate 1n squash.

Extending the analysis provided by Chapter 3, Chapter 4 describes
an experimental analysis of squash performance. A relatively controlled
experimental environment was set up in the familiar surroundings of a
squash court. The reactions of skilled, average and novice players to
manipulations of task diff:culty were measured under game-like
conditions. Again, differences between the ability groups were found
with respect to personality, attentional style and self-reported mood

as well as performance.

Players' psychological reactions under competitive tournament
conditions were a central feature of the third study, discussed 1in
Chapter 5. Simulations characterised by high ecological validity, that
is all the "normal" features of competition, were used as a means of
drawing out the complexities of individual behaviour 1in competitive
sport. Differences in psychological states and responses between
successful ("winners") and unsuccessful players ("losers") were
obtained. As players progressed through the tournament, losing games
produced greater variations in mood than winning did. In addition,
differences in attentional strategies and personality traits which

corresponded with the findings from the previous study were found.

Chapter 6, the final chapter, presents the overall discussion of
findings and conclusions which are discussed in the light of Cox and
Mackay's (Cox, 1978; Mackay et al., 1978) and Apter's (1982)
theoretical approaches, described in Chapter 1. It was concluded that

successful players can be differentiated from other groups of players
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in terms of their personalities, their psychological preparation prior
to games and the attentional strategies they use during play. It was
also concluded that successful players were either less affected by, or
more resistant to emotional responses during competition than less
successful players. Successful players achieved and maintained high
arousal levels which were experienced as non-stressful. In view of
these conclusions, this research has implications for theoretical
interpretations in sports psychology, and for squash coaches 1involved

with the development of players at different levels within the game of

squash.

John H. Kerr
May 1988
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CHAPTER 1

REVIEW OF LITERATURE

INTRODUCTION

This review of 1literature is an attempt to gather together and
eval_uate the relevant research literature concerned with arousal,
attention, personality and, to a lesser extent, anxiety and stress. Of
particular concern 1is the relevance of such material to the
understanding of the psychological processes involved 1in competit:ive
sport. Greater attention has been paid to some areas of the literature
than to others, thus sacrificing a comprehensive account of all the
possible areas of knowledge that might contribute to what 1s known to
be of i1mportance to, for example, motivation and performance. Perhaps,
therefore, a word of caution 1is appropriate, as many of the
psychological topics referred to are complex and any review runs the

risk of presenting an over-simplified view of the processes 1nvolved.

Firstly, literature dealing with the concept of arousal :s
reviewed. Research evidence from a number of different fields 1s
presented in a comparison of a traditional view of the arousal concept
with two relatively new alternative approaches to 1its understanding.
Following this, and based on these new 1nterpretations, some
theoretical implications for cognitive intervention- strategies, used
for affecting arousal levels prior to and during sports performance,
are explained. The next section draws out the theoretical connection
between arousal and attention, explored through an examination of
research studies dealing with performance under dangerous and other
conditions. Leading on from this section 1is a rev:ew of those studies
which have investigated the personality characteristics of sports
populations. Finally, before the summary, a few relevant research

studies dealing with the game of squash are covered.
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THE INVERTED-U HYPOTHESIS AND OPTIMAL AROUSAL THEORY

e e e e et ettt et )£ LIS AEAAS R AN S

The 1nverted-U relationship was first identified by Yerkes and
Dodson (1908) using rats and mice in laboratory experiments. They found
that there was a curvilinear relationship (inverted-U shape) between
motivational level (arousal) and performance. The well-known
psychophysiological work of Lindsley (1951), Hebb (1955), Duffy (1957)
and Malmo (1957), although individually different, did much to
establish the notion of optimal levels of activation (arousal) for
performance. Later, following on from drive theory (see e.g. Hebb,
1955), the 1nverted-U hypothesis became the basis for optimal arousal
theory, (e.g. Broadhurst, 1959; Malmo, 1959; Fiske & Maddi, 1961;
Duffy, 1962; Berlyne, 1967). The underlying premise of this theoretical
view was that, up to a certain point (the "optimal" point), the
performance 1level of the subject improved as the arousal level
increased. Any further increase 1in arousal once this point had been
reached would result in a deterioration of performance. Consequently, a

graph of performance against arousal would take on an inverted-U shape,

as shown 1n Fig. 1 below.

PERFORMANCE _9

AROUSAL _>

FIG. 1. Relationship of level of performance to level of
arousal according to the inverted-U hypothesis.



In addition, the nature of the task was recognised as an important
consideration, with low levels of arousal thought to be more conducive
for difficult tasks than for simple ones (Corcoran, 1965). The
1inverted-U hypothesis/optimal arousal approach is based on a uni-
dimensional conceptualisation of arousal, an approach which was
questioned by, for example, Lacey (1967), who claimed that the evidence
pointed to behavioural, autonomic and cortical components of arousal.
More recently, factor analysis of the results of empirical work which
incorporated self-reported arousal (e.g. Thayer, 1967; 1978) indicated
that arousal was more complex than the optimal arousal theory uni-

dimensional view. Self-reported arousal and the work of Thayer are

returned to later in this review.

Optimal arousal and sports performance

Where optimal arousal theory has been applied to sport, the main
considerat:on has been the so-called optimal point, thought to be the
point of 1nteraction between arousal and performance which was most
conducive to high-level sports performance and the point at which
performance was maximised. As a result, the reader often finds
Oxendine's (1970) rather simple generalisations about the 1level of
arousal required for different motor tasks quoted 1n the sports

psychology literature. He stated that:

"(1l) A high level of arousal is essential for optimal
performance in gross motor activities 1nvolving
strength, endurance and speed.

(2) A high 1level of arousal 1interferes with performance
involving complex skills, fine muscle movements,
coordination, steadiness and general concentration.

(3) A slightly above average level of arousal 1s preferable

to a normal or subnormal arousal state for all motor
tasks."
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In line with the optimal arousal theory approach, much of the research
work which has examined arousal effects in sport (see e.g. Landers,
1978; Rushall, 1979; Landers & Boutcher, 1986 for reviews) has been
restricted by this uni-dimensional view of arousal. The general
consensus has been that if arousal levels are too high or too low, in

order to maximise performance, arousal must be increased or decreased

to some "intermediate”", optimal level. Martens (1974) stated:

"Greater physical energy requirements combined with
increasing task difficulty reduce the range of optimal
arousal even further. High energy requirements with high task
difficulty are the precise task conditions that exist in many
well known sports such as tennis, basketball and wrestling.
Thus, because these activities have such a narrow range for

optimal performance, 1t 1s easy to understand why it 1s so
difficult to achieve and maintain an optimal arousal level
when performing these tasks."”

An example 1s provided by a field research study undertaken by
Klavora (1978). Canadian senior high school basketball players (n=145)
were the subjects of the study. The arousal levels of players prior to
games were measured using the State-Trait Anxiety Inventory developed
by Spielberger, Gorsuch and Lushene (1970). In addition, subjective
evaluations of each player's performance 1n relation to the player's
performance ability were provided by the coach after the game. For most
players, scores were obtained on these two dimensions for a minimum of
elight and maximum of fourteen occasions. When the players' arousal
levels prior to the game were plotted graphically against their
basketball performance scores, bell-shaped curves supporting the
inverted-U relationship were obtained. Klavora claims that players were
found to be performing poorly because they were either under or over-
aroused, a finding which is not unusual 1in studies of this type. The
position of the "bell-shape" along the pre—-game arousal axis was found
to vary and two distinct groups were found. This led to Klavora to
conclude, based on the :nverted-U hypothesis paradigm, that both groups
required additional arousal prior to games, albeit to a different
degree. Klavora also claimed to be able to identify a "customary level
of arousal", recognisable as a range of scores on an arousal continuum

for each athlete.



However, Klavora's research, along with most similar studies of
sport, still provided little detailed information about the form or
nature of the 1interaction between arousal and performance during
competitive sport. In addition, a common feature of this type of
research has been the use of measures of anxiety to measure high
arousal. Arguments are presented in the following sections which draw

attention to the erroneous assumptions associated with this practice.

Limitations of the optimal arousal theo approach

Optimal arousal theory has a number of theoretical 1limitations
which have been highlighted both by psychologists concerned with sport

and those working 1n other areas of psychology. Baddeley (1972) stated:

"One of 1ts major weaknesses as a theory 1s 1ts ability to
account for almost any result so long as the exact location
on the U-curve 1s not specified 1n advance." (p. 542).

It becomes very difficult to disprove the hypothesis and many authors
are guilty of "manipulating" the theory to fit in with experimental
findings. There have been few studies which have convincingly
demonstrated the inverted-U relationship; most have produced findings
that relate to either ascending or descending parts of the curve so
that "the 1inverted-U relationship 1s more of a post hoc explanation
than a hypothesis" (Martens, 1974). Naatanen (1973) provided a critical
review of the inverted-U hypothesis which showed that performance
decrements were caused by particular features of experimental designs,
a criticism supported by Cooke (1981). Welford (1976) was also
concerned about the limitations of the inverted-U relationship and

posed a number of guestions:

"While the model seems accurate as far as 1t goes, 1t does
not advance our understanding very much. Where for 1instance
does the optimal point come? Why does it seem to differ from
one task to another? Does performance beyond the optimum
point merely revert to what it was before the optimum was
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reached, or are the imperfections different above and below
the optimum." (p. 131)

Murgatroyd (1985, p. 3) has pointed out that the homeostatic
nature of optimal arousal theory has been subject to criticism. He has
listed a number of psychologists, including Maslow (1954), Buhler
(1959) and Frankl (1969), along with Harlow (1953) and Allport (1960),
who are at odds with the basic premise of the homeostatic construct and
l1ts use 1n the attempt to provide a satisfactory explanation of
motivation. Apter (1982,'p. 86) has also questioned the ability of the
theory to distinguish between four nouns: "anxiety", "excitement",
"boredom” and "relaxation", which are reflections of pleasant,
unpleasant, and high and low arousal. The possibility of low or high
arousal being experienced as pleasant by individuals under certain
circumstances 1s not easily encompassed within the optimal arousal
theory approach. Explanations which have suggested that excitement 1s a
reflection of moderately high arousal whilst very high arousal 1s
reflected i1n feelings of anxiety (e.g. Hebb, 1955) are not compatible
with experience, since feelings of excitement would always have to
experienced before an individual could become anxious. Finally, optimal
arousal theory seems unable to account for the pleasant feelings
1ndividuals experience during risk-taking behaviour. In, for example,
dangerous sports such as parachuting, mountaineering and motor-racing,
ntrinsic high levels of arousal are experienced as pleasurable by the

participants (Kerr, 1985a; in press-a).

There would appear to be two possible approaches to overcoming the
problems of a uni-dimensional concept of arousal. One approach would be
to develop multi-dimensional models contrasting behavioural,
psychological and physiological aspects of arousal. This approach 1s
croblematic 1in that it tends to weaken the original concept and
introduces an unnecessary set of paradoxes and complications associated
with the poor correlations which have been found between psychological
and physiological measures. These inherent difficulties have been

discussed by Cox (1985). A second apprcach would be to keep the
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strength of the original uni-dimensional concept of arousal but be more

sophisticated by placing it in a context of other psychological states

such as pleasantness or stress.

The purpose of the next section i1s to present two alternative
theoretical views which, although developing independently and
originating from different theoretical backgrounds, share some common

ground and may prove to be beneficial in the understanding of arousal

effects 1n competitive sport.

ALTERNATIVE APPROACHES TO UNDERSTANDING AROUSAL

Experimental work has already shown that the 1individual, depending
on the circumstances, can 1interpret arousal 1n different ways.
Schachter and Singer (1962) used injections of epinephrine to 1ncrease
subjects' 1level of physiological arousal. By manipulating the
environmental conditions they then found that subjects, i1gnorant of the
effects of epinephrine, interpreted their high arousal as either
euphoria or anger depending on the pertinent conditions. Levi (1967)
contradicted the notion held by some researchers that adrenaline
release could be related to particular emotions such as fear and anger.
His findings indicated that both unpleasant and pleasant stimull were
just as likely to result in catecholamine release. More 1importantly,
however, adrenaline release was shown to reflect the 1intensity of
arousal, but no connection could be made between adrenaline release and

particular emotional responses.

The work of Cox and his colleagues at the University of Nottingham
on the study of stress, particularly in occupational settings (see e.q.
Cox & Mackay, 1981), has led to the development of an orthogonal model
of the relationship between stress and arousal (Cox, 1978; Mackay, Cox,
Burrows & Lazzarini, 1978). The development of a self-report Stress-
Arousal Checklist (SACL) using factor analysis (Mackay et al., 1978;

Cox & Mackay, 1985; see Chapter 2), based on Thayer's work (1967,
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1978), has provided research findings which support the idea of a
stress and an arousal factor, existing as independent bipolar factors.

A graphical representation of this relationship is shown in Fig. 2.

HIGH STRESS

OVERSTIMULATION UNDERSTIMULATION
( ANXIETY) (BOREDOM/FATIGUE )
AROUSAL
EXCITEMENT SLEEP

(DROWSINESS)

LOW STRESS

FIG. 2. Orthogbnal model of arousal and stress (from Cox, 1978).

Research studies carried out over a 1l0O-year period, 1n a variety of
settings and using a number of different methods of measurement, have
1ndicated the resilience of the orthogonal model over time (Cox, Mackay
& Thirlaway, 1978; Cox, Thirlaway & Cox, 1982; Surawy, Stepney & Cox,
1985). The use of self-reported mood (stress and arousal) techniques
allows the measurement of the 1individual's response to particular
situations or environments. There are, of course, advantages and

disadvantages associated with the use of self-report technigques (Mackay
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& Cox, 1987). However, such information could, especlally 1f used 1n
combination with measures of performance or physiological responses,

provide a more complete picture of, for example, mood changes during

compet:tive sport.

Referring back to Fig. 2, here clearly high or low arousal can be

combined with either high or low stress. Depending on the particular
combination, the experience of the individual is characterised by
feelings of excitement, over-stimulation (anxiety), under-stimulation
(boredom) or drowsiness. Kerr (1985b) has argued that this postulated
inter~relationship between stress and arousal can be 1linked with
reversal theory (Apter, 1982) which is based on what is known in the
theory as "structural phenomenology"; the provision of pattern and
structure to experience. A description of some of the basic features of

the theory will allow the role that arousal plays to be understood.

Arousal 1n reversal theory terms 1s defined as "the degree of
motivational i1ntensity which an individual experiences at a given time"
and known as "felt arousal”. (For a glossary of reversal theory terms
see Appendix D). Also conceptualised within the theory are a number of
"metamotivational states" which exist together as paired opposites 1in a
bistable system with two alternative preferred states. One of the pair
of phenomenological states 1s thought to be operative at any particular
time, however, a reversal to the opposite state 1s always possible.
Three types of 1inducing agents: contingent events, frustration and
- satiation, may trigger a reversal from the operative state to 1its
opposite. The importance in terms of arousal can be seen 1f the telic-
paratelic pair is examined. In the telic state, the 1individual prefers
low arousal, is geared towards achieving goals, and behaviour tends to
be future oriented. In the paratelic state, high arousal 1s preferred,
behaviour 1is present-oriented and concerned with the pleasure of
immediate sensation, usually of high 1intensity. The Telic Dominance
Scale (TDS; Murgatroyd, Rushton, Apter & Ray, 1978; see Chapter 2), has
been developed to measure any consistency in subjects' disposition for
the telic or paratelic state over time. (A related state version of the
TDS, the Telic State Measure (TSM; Svebak & Murgatroyd, 1985) has also

been developed).
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A graph of "hedonic tone", or experienced pleasure against felt
arousal (see Fig. 3), shows how in the telic state low arousal is
preferred and gives rise to pleasant relaxed feelings. High arousal in
this state 1s usually considered unpleasant and leads to feelings of
anxliety. Low arousal in the paratelic state, however, is experienced as
unpleasant boredom and high arousal as pleasant feelings of excitement.

Clearly there are many examples which 1illustrate that this

interpretation 1s compatible with what is often experienced in everyday

life.

Relaxation

Excitement ~

o

Pleasant

N\
Unpleasant | ~_Boredom Anxiety _

"

Low €«— Felt Arousal —> High

FIG. 3. The relationship between arousal and hedonic tone for the
telic state (solid line) and the paratelic state (broken
line). The dotted line indicates the single curve of
optimal arousal theory (from Apter, 1982).

In his comparison of the inverted-U hypothesis with reversal
theory, Apter (1979) argues that, depending on which state 1s

operative, either high or low arousal can be equally pleasant to the
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individual. It can be seen in Fig. 3 that the X-shape of the curve has
contained 1n 1ts lower half an inverted-U shape. Under the terms of
reversal theory, 1intermediate levels of arousal would still be
experienced as pleasant, and this might conceivably provide an
explanat:on for some of the research evidence which tends to support
the inverted-U relationship. In this way it could be said that reversal
theory subsumes the optimal arousal theory interpretation. Cox and
Mackay's approach has also identified four separate stress/arousal
interactions. The sleep/drowsiness condition proposed by them may not
be exactly the same as Apter's concept of low "felt arousal”.
Nevertheless, 1f the orthogonal model of arousal and stress suggested
by Cox and Mackay (Cox, 1978; Mackay et al., 1978) 1s superimposed over
the hypothetical curves representing hedonic tone and arousal (Apter,

1982) a certain similarity becomes apparent (see Fig. 4).

LOW STRESS
Pleasant Relaxation Excitement
SLEEP _-
(drowsiness) /»’
LOW AROUSAL HIGH
AROUSAL
UNDER /"
Hedonic STIMULATION /_-' OVERSTIMULATION
tone /{'. .
,I
/e
/. .
/-
/.
/-
y
/.°
,_/-' HIGH |STRESS TN
Unpleasant ,.+ Boredom Anxiety

low «—————— Arousal ——————  » High

FIG. 4. Superimposing the orthogonal model of stress and arousal

on the graph of hedonic tone against arousal (from Kerr,
1985Db) .
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Perhaps the most important difference between these two approaches and
optimal arousal theory is that they both allow for high levels of
arousal to be interpreted in different ways depending on the hedonic

tone of the 1individual at the time. These approaches together offer an

interpretation of arousal which has to be considered in relation to

other psychological states.

Other common ground between these two approaches concerns the idea
of the in@ividual expending effort to compensate for any discrepancy in
level of arousal. Reversal theory distinguishes between "felt" and
"preferred"” arousal, where preferred arousal is the level of arousal
that the 1ndividual would have preferred at any given time, rather than
that which was actually experienced (see Telic State Measure,
Chapter 2). A discrepancy between these two levels of arousal will lead
to the 1individual experiencing "tension-stress" (Apter & Svebak, 1in
press) . Effort on the part of the individual to reduce the discrepancy
1n arousal levels, often accompanied by unpleasant negative hedonic
tone, 1s thought to result in "effort-stress”". Cox, 1in developing a
model and methods of measurement of mood states, has also described a
cognitive mechanism which contributes both to the emotional experience
and the control of behaviour which 1s based on the discrepancy between
actual levels of arousal (self-reported) and required 1levels
(determined by internal and situational factors). A marked discrepancy
between these two may lead to "compensatory" behaviour, while the
threat implied by an 1inappropriate (actual) 1level of arousal and the
effort of compensating contribute 1n turn to a negative emotional
experience (self-reported stress) (Cox, Thirlaway & Cox, 1982). They

state:

"It 1s suggested here that self-reported arousal (SACL)
reflects the actual level of energy or activity within the
overall psychophysiological system (arousal) as experienced
by the person. It is also suggested that self-reported stress
(SACL), 1n part, reflects the effort expended 1n balancing
this actual level of arousal against that required for
effective behaviour (activation)." (p. 125).

There would appear to be 1little difference between the two

approaches in terms of their definitions of arousal and in their
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conceptualisation of stress as described above. These ideas can be
applied to the understanding of arousal effects :in sport and have

particular 1mplications for the use of cognitive intervention

strateglies prior to or during competition. These implications are

discussed i1n the next section.

Arousal effects and sports performance: implications for cognitive

intervention

Rushall (1979) claimed that athletes rarely experience large
changes in arousal levels because they develop a method of controlling
activation which evolves through trial-and-error learning and
experience. There 1is some evidence to suggest that top-level sports
performers are able to adjust their activation levels according to the
particular demands of the situation (Genov, 1970; Fenz & Jones, 1972;
Barry; 1979). Langer (1966) has shown that, prior to competition, the
level of tension is reasonably stable in proficient athletes. Vanek and
Cratty (1970) pointed out that arousal 1levels can be 1ncreased,
decreased or sustained for as long as necessary at particular levels by
the better sports performers. Evidence 1is provided by Rushall (1977)
and Barry (1979) that elite sports performers have a heightened self-
awareness, enabling them to recognise the bodily sensations and
feelings that concur with different arousal levels. It appears that top
sports performers may be able to develop "naive" strategies for
affecting arousal levels based on trial and error and the experience of
what has been successful in similar predictable environments. Outside
predictable environments, these naive strategies are likely to break
down and lead to poorer performance. If the performers understood why
the naive strategies had been successful, then it s possible that the

strategies might have been adapted successfully to unpredictable

environments.

Although top performers are generally thought to be able to

control arousal, for some, emotional feelings may be more difficult to

regqulate. Kerr (1987a; in press-b) has drawn attention to the



14

increasing frequency of references to the use of cognitive 1intervention
in the sports context. Intervention techniques 1nitially developed and
ut:lised 1in clinical psychology are primarily oriented towards altering
the 1ndividual's level of arousal (e.g. progressive relaxation,
Jacobson 1938; biofeedback, Basmajian, 1962; 1963) and are largely
concerned with arousal reduction. These techniques have been advocated
for use by sports performers as possible aids to adapting and coping
during competition (see e.g. Bell, 1976; Blais & Orlick, 1977;
Zaichkowsky, Dorsey & Mulholland, 1977; Bennett & Stothart, 1978;
Layman, 1978; Tomayko, 1978; Pressman, 1979; Pulos, 1979).

Rushall (e.g. 1982) 1s one of those who advocates the use of "on-
site” intervention techniques should it be necessary. He has formulated
detailed strategies and competition-specific plans for top level sports
performers based on evaluations of their behaviour, the nature of
specific sports situations, and the characteristics of the sports and
their participants. Rushall has included the possibility of "on-site"
cognitive 1ntervention to be 1mplemented when the mental state of the

performer was thought to be 1nappropriate for the demands of the
particular competition environment. Obvious requirements for the
success of such techniques are the necessity of prior training of the
sports performer in the relevant technique and an ability on the part
of the sports psychologist to recognise situations where 1intervention
1s appropriate. Many of the reports of the use of these techniques in
this context are positively biased and, as Mahoney (1984, p. 14-15) and
Heyman (1984, p. 269) have both pointed out, caution 1s required until

further research has been carried out.

An enduring theme, undoubtedly the outcome of optimal arousal
theory, 1is the notion of over-arousal, the 1dea that the 1i1ndividual
performer's level of arousal becomes so high that 1t 1nterferes
negatively with performance. Reducing arousal, however, may not always
be an appropriate strategy to use. Research reported by Heide and
Borkovec (1983) and Budzinski, Stoyva and Peffer (1980) has shown that
some subjects are unable to achieve a state of low arousal and that,

for others, relaxation training can paradoxically 1induce anxiety (see
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also Smith, 1985). More recently, there are some researchers and
authors (e.g. Railo, 1982; Stallings, 1982; Caudill, Weinberg &
Jackson, 1983; Mahoney, 1984; Garfield & Bennett, 1984) who have
recognised the importance for some sports performers of achieving high

levels of arousal prior to and during competition.

In attempting to provide a theoretical background which would

support such recognition, Kerr (1987a; 1in press-b) argues, from a

reversal theory viewpoint, that there are three other equally effective
intervention possibilities for affecting arousal levels 1n sport. The

four possible strategies are 1llustrated in Fig. 5.
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FIG. S. Possible options for affecting felt arousal (from
Kerr, 1987a; in press-b).

Arousal reduction (1) would be appropriate for the individual 1n

the telic state, resulting in unpleasant feelings of anxiety being
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changed to pleasant feelings of relaxation. For the individual in the

paratelic state, where low levels of arousal are experienced as

unpleasant boredom, an increase in arousal (3) is required, to a level
which would then be experienced by the individual as excitement. Svebak
and Stoyva (1980) have suggested that this might be achieved by, for
example, using biofeedback to teach subjects to voluntarily increase
arousal rather than the opposite. Inducing reversals (2 & 4) would

result 1n a reinterpretation of arousal, as perceived by the

individual, thus changing hedonic tone.

Equally, 1f Cox and Mackay's (Cox, 1978; Mackay et al., 1978)
model of arousal and stress, where the feelings experienced by the
indiv:idual are dependent on the interaction between arousal and stress,

is considered, then similar possibilities for affecting the level of

arousal and its 1interpretation exist.

This moderation of arousal level or reinterpretation of arousal by
induced reversal 1leads back to Duffy's (1962) concept of level of
energy and the degree of accompanying pleasant or unpleasant feelings.
It does not, however, deal with sports performance i1n terms of content
and strategy. These elements of performance should be considered

because they may be dependent on level of arousal through the concepts

of alertness and effort.

ATTENTION, AROUSAL AND PERFORMANCE

Posner and Boies (1971) have underlined the central or Kkey
components fundamental to the study of human attention. These are (a)
alertness, (b) the ability to select information, (c) limitations on
the central processing capacity. Little progress since the early 1deas
of William James (1890) was made until the appearance of Welford's
(1952) single channel hypothesis, followed by Broadbent's filter theory
in 1958. Deutsch and Deutsch (1963) decided that Broadbent's limited

concentration channel was positioned further along in the 1nformation

processing stages, and processed 1ncoming sighals relatively
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automatically. Treisman (1964) followed relatively quickly with an

approach that also accommodated the processing of unattended

information. Rather than the complete rejection of stimuli at the
"bottleneck”, Treisman (1964) argued that attenuation took place,
allowing all incoming signals to pass through the limited concentration
channel 1n a weakened form. Attenuation was thought to involve the
analysis of incoming information on a hierarchical basis. The findings
of experiments carried out by Cherry (1953) on the now well-known
"cocktail party phenomenon" provided some support for these ideas. The
differences between the theories of Deutsch and Deutsch (1963) and

Treisman (1964) led to a whole series of experiments which have been

comprehensively described and evaluated by Eysenck (1982).

Norman (1969) and Keele (1973) made later valuable contributions.
In particular, Norman's more flexible model permitted the parallel
processing of incoming information. Selection was thought to take place
on the basis of "pertinence" with the performer choosing, prior to the
task and on the basis of past experience, those cues which were thought
to be most relevant to the performance of the task. In addition, all
input 1nformation was subject to a sensory analysis which, depending on
threshold values or relative Importance, automatically activated stored
representations 1n memory. Kahneman (1973) 1introduced the 1idea of
attent:ion and effort. He suggested that, within the limits of capacity,
parallel processing could take place throughout information processing.
Cognitive assessment of task demands largely controls the proportion of
capacity or effort accorded to a particular task. Capacity was seen as
variable and could change i1n response to differ:ng demands. This view
of capacity or effort as var:iable was, of course, 1n conflict with
previous theories 1in which capacity was regarded as fixed. Some
theorists have taken their 1deas a stage further and proposed that

information processing 1tself may be flexible.

The interaction of automatic processes and conscious attention was
examined by Posner and Snyder (1975a and b). The results obtained
provided some foundation for the authors' two predictions that

performance is facilitated by activation of memory by the priming
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stimulus, and that decision-making would be speeded up when an expected
event occurred by the reactions of conscious attention to the
probab:lities of expected events. Unexpected events were thought to
require an additional shift and therefore additional time. In a second
experiment, Posner and Snyder's (1975a) hypothesis focussed on the
proposed improvement in the speed of operation of automatic activation
with practice. Again their results supported their theoretical
predictions. The outcome of this work was the development of a
conceptual difference in the meaning of the terms "automatic process"
and "conscious attention”. Posner and Snyder (1975a and Db) proposed
that automatic processes should occur without intention, should not

give rise to any conscious awareness, and should not interfere with any

other ongoling mental activity.

In general, these different approaches have explained the

influence o0of arousal on attention in terms of the 1inverted-U
hypothesis. Moderate 1levels of arousal have been considered most
conducive to attentional demands during performance. Often quoted 1in
this respect 1s a paper by Easterbrook (1959) (see also Teichner,
1968), where he arqued that 1i1ncreases 1n emotional arousal produce
greater attentional selectivity and reduce the range of cue

utilisation. Eysenck (1982) summarised the situation:

"The beneficial effects of moderate arousal are primarily
attributable to increased attentional selectivity, which
leads to a greater proportion of the available processing
resources being allocated to task performance. In addition,
the natural speed of processing 1s enhanced as arousal
increases above its resting 1level, and there may be an
increase in total attentional capacity. The detrimental
effects of high arousal largely revolve around a reduced
ability to engage in shared or parallel processing. High
arousal also leads to increased distractibility to both
external and internal informational sources and an 1mpaired
ability to make perceptual discriminations. Finally but more
speculatively, high arousal may reduce attentional capacity.”

(p. 177).
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Attention and arousal under dangerous conditions

Weltman and Egstrom (1967), using novice divers, found that the
ability to monitor a faint peripheral light whilst performing a central
task was affected when the task was performed under high arousal
conditions during diving. Baddeley and his colleagues, in a series of
experiments which examined manual dexterity during diving (Baddeley,
1966; Baddeley & Fleming, 1967; Baddeley, De Figueredo, Hawkeswell-
Curtis & Williams, 1968; Davis & Osbourne, 1970) , found that
performance deteriorated as the depth of dive and level of anxiety,
dependent on the apparent risk involved, increased. In a more elaborate
experiment, in which anxiety responses were measured, Weltman, Smith
and Egstrom (1971) again found that detection of peripheral information
deteriorated, but performance on the central task remained the same.
The results of these experiments suggested that in dangerous situations
attention becomes more narrowly focussed on that aspect of the
situation that 1is of greatest immediate importance. Baddeley (1972)
goes on to discuss how some individuals with experience can adapt
themselves to dangerous environments. An often-quoted study in an
ongoing seriles by Epstein and Fenz (1965) on parachutists has produced
results which corroborate the 1dea of experience and adaption to
danger. Novice and experienced parachutists were compared on self-
rating reports and physiological measures at a number of stages during
the parachute jump. As the jump approached, culminating with the ready
signal, novice jumpers became 1ncreasingly more and more adverse to
jumping. For the experienced jumpers, feelings of maximum aversion to
jumping were apparent on the morning of the jump and on landing. As the
Jump approached, contrary to the novices, their enthusiasm and
eagerness to jump 1ncreased. According to Epstein and Fenz (1965), the
experienced jumpers learn to 1nhibit anxiety since 1t tends to 1inhibit

performance.

Most of the mater:ial reviewed in the section above has supported
the i1dea of 1i1ncreases 1n arousal bringing about a narrowing of
attention, with a resultant detrimental effect on performance. Yet some

of the Epstein and Fenz (1965) findings suggest that this may always be
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the case. Kerr (1985a; in press-a) has reviewed the anecdotal
observations of some top level sportsmen proficient in high risk
sporting activities (e.g. mountaineering, motor sports) where
attentional factors are crucial to their survival. For them the
intrinsic high arousal associated with such activities was reported as
being experienced as pleasant and constituting an essential element in

their continuing participation and high level performance.

There 1s, however, some evidence from other non-sports literature
(Kerr, 1987b) which would appear to indicate that unpleasant high
arousal (anxiety) can be beneficial to performance. In an experiment
1investigating visual angle (Schmidt, 1964), subjects were required to
distinguish peripheral cues. The Taylor Manifest Anxiety Scale (Taylor,
1953) was used as a measure of trait anxiety. Subjects who recorded
high scores on the scale revealed a broader reporting of stimuli than
those with low levels of trait anxiety. Similar results were obtained
by Solso, Johnson and Schatz (1968) which indicated an increased range
of percept:ion of stimuli: with highly trait-anxious subjects. Again the
Taylor scale was used and the task 1n this experiment involved a broad
stimulus layout, from which subjects had to pick out as many stimuli as
possible. Cornsweet's (1969) findings, supported by Landers (1978) and
Sarason (1980), showed that when peripheral cues were relevant to the
central task, the threat of shock 1increased the extent to which they
were used. Research work by Mendelson and Griswold (1967) found that
moderately anxious males were most restricted with respect to
utilisation of task—-relevant peripheral cues; a curvilinear
relationship was found between trait anxiety and the range of task
relevant peripheral cues utilised. They have suggested that, given
peripheral cues which are relevant to the central task, 1increasing
levels of anxiety cause a narrowing of the attentional range up to a
certain point, beyond which further 1i1ncreases produce a wider range.

Also, with reference to incidental learning:

"The assumption that under certain conditions anxiety may
produce a broadened range of cue utilization also helps
clarify an otherwilise confusing state of the data on the
relationship between anxiety and incidental learning. Taking
into account the Easterbrook hypothesis only, one would have
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to predict that high levels of anxiety would be associated

with relatively poor incidental learning, because utilization

Oof cues necessary to such learning would be hampered".
(Geen, 1980, p. 48).

Dusek, Mergler and Kermis (1975) and Dusek, Kermis and Mergler (1976),
1n two research studies examining trait anxiety on intentional and
1ncidental learning, have found rather different results. Children who
scored high on anxiety were found to be inferior in 1learning the
central task but superior in terms of learning the incidental stimuli.
Here the performance of high test-anxious subjects on the central task
1s not unusual 1in that increased anxiety is thought to produce task
lrrelevant responses. However, the superior performance in incidental
learning by the same group of subjects conflicts with Easterbrook's
(1959) position. An analogy used by Watchel (1967) may be helpful in
the i1nterpretation of these results: attention was compared to a beam
of light which may be broad and diffuse, or conversely rather more
narrow and focussed. Watchel's analogy goes further than Easterbrook's
notion, where the breadth or narrowness of attentional focussing was
considered to be related to the individual's level of arousal, and
described how the "beam" might be limited to a small range or might
scan a much wider area. Increases 1n arousal were assumed to have a
dual role, bringing about 1i1ncreases in the range of scanning and
causing the focus of attention on particular points of the field to
become narrowed. Furthermore, Teichner (1968) argued that searching or
scanning was dependent on attention, which 1n turn was dependent on
activation (arousal). This led to the assumption that band width was
inversely related to activation, with increases in activation resulting
in decreases 1in band width and therefore 1i1ncreases 1n attentional

processing speed and searching behaviour.

The results of these anxiety studies provided some evidence that
high arousal could be beneficial to performance. There are of course
other, more general exceptions to the idea that low levels of arousal
are always associated with broad attention and high levels of arousal
with a narrowing of attention. Arousal reduction techniques, such as

meditation or progressive relaxation (Jacobson, 1938) or yoga-type
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techniques like transcendental meditation, are associated with a narrow
range of attention. In spite of inconsistencies in the interaction
between arousal and attentional factors in performance, the ut:ilisation
of peripheral cues and incidental stimuli are an obvious concern of the
sports performer. This is especially true for racquet sports such as
squash where these factors could be crucial to good performance.
Consequently, experimental investigations which examine the use of
peripheral cues, incidental stimuli and attentional range with

corresponding changes in arousal are important.

One approach developed by Nideffer (1976) has generated interest
among sports psychologists. It has attempted to measure such

attentional differences using a paper and pencil test; the Test of

Attentional and Interpersonal Style (TAIS).

Attentional and interpersonal style

The theoretical foundation of Nideffer's (1976, 1981) work 1is
based on the two-dimensional approach to attention, comprising both
breadth and direction of focus (Easterbrook, 1959; Watchel, 1967). This
notion has been coupled with the 2dea that individuals can direct their
attention either 1internally or externally (Heilbrun, 1972; Shakow,
1962), allowing Nideffer to produce a graphical representation of what

he terms "attentional styles”.

Individuals are thought to maintain a balance between narrow and
broadly focussed attention and internally or externally oriented
attention, shifting from one to another. Incorporated within this

approach are certain basic assumptions which Nideffer (1981l) makes

explicit:

"(1l]) There are several attentional dimensions that are
related to effective performance including width and
direction of attentional focus.

(2) Attentional processes can be thought of as having both
state and trait components.



23

(3) The ability to control attention, and to shift from one
attentional focus to another, is related to arousal.

(4) Individuals tend to have preferred attentional styles.
There are individual differences in attentional

abilities and each of us has our own relative
attentional strengths and weaknesses."

These interpretations led to the development of the Test of Attentional
and Interpersonal Style (TAIS) by Nideffer (1976; see Chapter 2) to

measure attentional and interpersonal characteristics involved in

performance. Nideffer (1981) extended his ideas and the use of his test

to performance 1in sporting activities. A two-dimensional graphical

representation of "attentional style", described in terms of width and

direction, is shown in Fig. 6.

EXTERNAL

Preoccupied with environmental stimuli.
Responses occur without reflection.
Reinforcement comes from the environment.
Behavior is stimulus-response pairing at
the extreme there is almost a complete
external locus of control.
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When effective integrative
however, may become overloaded,
confused by environment.
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Persistent, dedicated, focused.
May be underinclusive, lack
ability to generalize.

Broad internal leads to
theoretical analytical thought
processes. Can be overideational.

May appear rigid and inflexible.

E

Internal locus of control in that external
controls are not readily apparent. May be
withdrawn, cognitive reinforces are most potent.
May tone out environment and have difficulty

expressing affect.

FIG. 6. Theoretical consequences of particular attentional styles
(from Nideffer, 1976).
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Nideffer (198l1) claims that, in complex and rapidly changing
sports situations, it is likely that performers would need to be able
to shift both the width and direction of attentional focus. Performers
who could do this in a controlled and voluntary manner, rather than be
subject to uncontrolled shifts or the inability to shift attention,
were considered to have an advantage with respect to performance.
Futhermore, 1increases in arousal were thought to interfere with the
ability of the sports performer to shift attentional focus and also to

result 1n an involuntary narrowing of attention.

Sports—-based research which has examined the predictive ability of
the Nideffer test has produced ambigquous results. Landers and Courtet
(1979), for example, obtained more accurate performance scores from
shooters who reported being able to effectively integrate ideas and
information from many different areas, as measured by the broad
internal attentional focus subscale. Again in a study of shooting,
Landers, Furst and Daniels (198l) found attentional differences (broad
external and broad internal attentional focus) between skeet/trap (open
ski1ll) shooters and rifle/pistol (closed skill) shooters. Using a very
small sample of 9 subjects, Kirschenbaum and Bale (1980) correlated
mean golf score and each of the seventeen TAIS subscales. Coefficients
for four subscales: overloaded by external stimuli, broad 1internal
attentional focus, reduced attentional focus, obsessive, were reported

as surpassing the p<0.05 level of significance.

Generally, some support has been found for the: - broad-narrow
breadth of attention dimension and for 1identifying those sports
performers who become "overloaded" by stimuli and reduce attention too
much. More problematic is Nideffer's claim that the 1internal-external
direction of attention can be predicted. Indeed, the current test 1items
appear to be more concerned with "band width”" than with the 1internal-
external source of information. According to Van Schoyck and Grasha
(1981), following a TAIS study involving 90 tennis players as subjects,
a multi-dimensional view of band width, consisting of both a scanning

and a focussing component, was preferable to Nideffer's broad-narrow

concept.
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The Test of Attentional and Interpersonal Style, 1n addition to
subscales concerned with attentional ability, does have a number of
subscales which measure personality variables. The subject of
personality and performance in sport has been one that has been the
focus of some research activity. The findings from this research

activity are relevant to this investigation and are reviewed in the

following section.

PERSONALITY AND SPORTS POPULATIONS

Research began as early as the 1930's and 40's (e.g. Cowell, 1935;
Carter & Shannon, 1940; Sperling, 1942). Although some research
studies, especially in the United States, were undertaken using the
Minnesota Multiphasic Personality Inventory (MMPI; Hathaway & McKinley,
1951) for example, it was with the development of the Eysenck
Personality Inventory (EPI; Eysenck, 1964) and later the Eysenck
Personality OQuestionnaire (EPQ; Eysenck & Eysenck, 1975), along with
Cattell's 16 Personality Factor Questionnaire (Cattell, Eber &

Tatzucka, 1970) that real i1nterest began.

Of 1i1nterest to the present 1i1nvestigation are previous research
studies which have examined the personality characteristics of sports
populations using the EPI and EPQ. Personality scores for 152 physical
education students were listed among the data from 46 occupational
groups presented 1n Eysenck and Eysenck (1975). Apart from two other
small occupational groups, mean extraversion scores were the highest,
while neuroticism scores were close to the average and psychoticism
slightly below average for these students, when compared with other
groups equivalent in age. In a similar unpublished study (cited 1in
Eysenck, Nias & Cox, 1982, p. 12), 118 first-year physical education
students produced average scores on neuroticism but scored much higher
than average on extraversion. Brooke (1967) had obtained similar
results. A further group of 39 British athletes had similar scores,
i.e. average for neuroticism but above average for extraversion. Knapp

(1965) studied Wimbledon-standard tennis players. Mean scores again



26

showed higher extraversion and average neuroticism scores for this

group when compared with the general population.

In another unpublished study, Olympic athletes (n=192) who
completed the EPQ scored significantly higher on extraversion, lower on
neuroticism and higher on psychoticism than 500 control subjects,
(cited i1n Eysenck, Nias & Cox, 1982, p. 10). The subjects in this study
came from a variety of different sports, but there is some other
evidence which indicates that sport performers from different sports
(e.g. Kane, 1966), or even within different disciplines of the same
sport (e.g. Coleman, 1979), differ in personality. Coleman (1979)
examined personality using the EPI in relation to different types of
shooting sports 1i1nvolving a variety of skills. For example, trap
shooting 1involves hitting a moving target on a trajectory while the
free pistol event allows the competitor more time to concentrate on
precision shooting. Extraversion scores seemed to be related to the
degree of difficulty of the event, the number of factors to be
controlled, and possible decis:ions to be made. The rapid-fire pistol
group, who must rapidly move the pistol between targets under very

tight time restrictions, were found to be the most extraverted group.

Although there are many methodological problems associated with
research work examining the relationship between personality 1in sport,
several of which are underlined by Eysenck, Nias and Cox (1982), they
have i1dentified a number of reasonably well-supported conclusions. The
most important of these in the present context are that sportsmen and
sportswomen tend to be extraverted, and that outstanding sports
performers score low on neuroticism. The relationship between

psychoticism and performance or success 1n sport 1s much less clear.

In the light of the evidence summarised above, and the tentative
conclusions arising from previous studies which incorporated the EPI or
EPQO in the study of personality and sport, it seemed worth 1ncluding
such measures 1n the present research investigation, especially as the
extraversion~-introversion dimension has been linked to variations 1in

levels of chronic arousability. Introverted subjects have been shown to
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have higher 1levels of chronic arousal when compared to extraverted
subjects. As a result of this, introverts have been shown to be better

performers, for example under monotonous conditions where arousal tends

to decrease (see Welford, 1976, p. 137).

Unfortunately, despite studies on personality, other research
which has concentrated on psychology and sport, although growing each
year, could by no means be said to be substantial. Little research has
focussed on the psychological processes invoked during competitive
sport and even less has involved the game of squash, the subject of
this research. This may be due in part to the relatively recent growth
of squash as a popular sport available to all classes of people. Those

research studies which have investigated squash are reviewed in the

next section.

PREVIOUS RESEARCH ON SQUASH

An examination of the relevant sports literature revealed little
research concerned with psychological aspects o0of squash performance.
For example, a computer-based search using the Dialog system, 1listed
some 2,444 studies on performance and arousal and 8,778 on performance
and attention. None of these, however, focussed on squash. Using the
keywords "stress", "motivation", "personality", "training”™ and
"performance", 131,665 studies were 1identified, but only 157 remained
when t<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>