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he study of attention has a rich and varied

history. In the late 1800s and early 1900s, the

laboratories of Wundt, Titchener, and Helm-
holtz carried out many experiments examining dif-
ferent aspects of attention. Surprisingly, however,
interest in attention waned over the next 25 years
and was not rekindled until the advent of World
War II. The war challenged psychologists with
many applied problems concerning attention (e.g.,
how long could a radar operator watch a screen
without a decline in attention?). Attention, currently
one of the core themes in psychology, is viewed as
a complex multidisciplinary field of study. Accord-
ing to Parasuraman (1998), research in attention is
being conducted in many areas of the psychological
sciences including cognitive psychology, psycho-
physiology, neuropsychology, and developmental
psychology.

In the sport context, several authors have sug-
gested that attention is a vital aspect of athletic
performance (Abernethy, 1993; Boutcher, 1990;
Moran, 1996; Wulf, 2007). The research examining
the role of attention in sport, however, is underde-
veloped. Furthermore, few studies have examined
the attentional mechanisms underpinning athletic
performance. Thus, a suitable framework to study
the influence of attention on sport skills has not
been established.

In this chapter I review the research and theory
pertaining to attention with a view toward syn-
thesizing various perspectives to develop a better
understanding of the relationship between atten-
tion and performance. The first part of this chapter
focuses on a review of the attention-performance
literature as it has been studied from three differ-
ent perspectives: information processing, social
psychology, and psychophysiology. At the conclu-
sion of this section I present a synthesis of the three
perspectives and an integrated model of attention
in sport. The last part of this chapter focuses on a
more applied perspective, discussing several issues
related to attentional training in athletes.

Theoretical and Empirical
Perspectives of Attention

Attention in sport has been studied from three
perspectives: information processing, social psy-
chology, and psychophysiology. Each of these
research thrusts has emphasized a different but

related perspective of the attentional process.

Research in information processing has established
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the existence of two related forms of processin
control processing requires effort and is slow ap
cumbersome, whereas automatic processin
effortless, quick, and efficient. Social psycholg
gists have focused on individual differences
environmental influences on attentional processe
and have documented the ability of extraneo,
inappropriate cues to disrupt performance. Spo
psychophysiologists have attempted to examine
underlying mechanisms of attention by monite
ing cortical and cardiac activity; both cortical al
autonomic indicants of attention have been uged ¥
successfully to assess attentional style in athletes!
during performance. The following three sectio;
discuss the relevant aspects of these approa
necessaty to develop an integrated model of a
tion and sport performance. ;

Information-Processing
Perspective

‘Cognitive psychologists consider humans tof
processors of information. The information-proce:
ing approach attempts to understand the st
lus-response relationship, stimulus being som
kind of information entering the body through
sensory system and response being the resul
behavior. This approach assumes that a numl
of processing stages occur between the stimulu
and response initiation. Although the names of
different stages vary, most information-process!
models include perceptual, shott-term memory::
long-term memory stages. For overviews of dif
ent information-processing models, see O'Do.
and Cohen (1993) and Schmidt (1999).
Information-processing models providea fr
work for examining the characteristics of perc
tion, memory, decision making, and attenti
Attention is conceptualized as the ability to sW
focus from one source of information to another
as the amount of information that can be attende
atany one time. Thus, attentionisa central cony
in the information-processing approach. Resea
ers working from this perspective have foc
primarily on three aspects of attention—the
interacting processes of selective attention, capa
and alertness (Posner & Bois, 1971). Because th
erature examining these processes is extensive,!
those aspects pertinent to the theme of this cha
are examined here (for more complete overvi
see Abernethy, 1993; Pashler, 1998; Schmidt,
Styles, 1997).
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Attentional Selectivity

lective attention refers to the process by which
rtain information from the internal or external
vironment enters the information-processing
system while other information is screened out or
ignored. In any situation, the organism is constantly
pombarded with a mass of information from both the
& internal and external environments, and it can assim-
ilate only a certain amount at a particular moment.
% Therefore, selection is necessary so that only a few
muli are processed. The organism focuses on
ain aspects that directly affect behavior, whereas
e remaining stimuli serve as background. Selec-
n can be voluntary or involuntary depending on
ether the selection is due to the organism or to the
timuli itself, Selection can take place in a large vari-
oof behavioral situations. That is, an individual
y choose to focus inwardly on certain strategies
d experiences or outwardly on a wide range of
vironmental cues, Thus, selection is multifaceted
ind appears to be an essential condition for sport
formance. William James (1890) expressed this
ccinctly in his classical statement that “without
ective interest, experience is an utter chaos.”
Selective attention is believed to play a central
e in both the learning and performing of sport
kills. But the stimuli that are essential for a particu-
ar performance change as a function of practice and
limprovement. For example, neophytes learning
0 dribble a basketball must devote much attention
0 watching the ball and are unable to lift their heads
focus on the players around them., With practice,
Wever, players can dribble without watching the
» and the skill becomes more synchronized and
\utomatic. Eventually, after many years of practice,
yers can dribble with either hand while simulta-
ously defending theball from an opposing player
monitoring the positions of fellow players. In
8 latter situation, most of the performer’s atten-
n is focused externally on surrounding players
ther than on the process of dribbling. In contrast,
i€ player sent to the foul line does not have to
fettend to much external information, But because
foul shot is typically well learned, attention that
S previously available to focus on teammates
d opponents now has the potential to focus on
k-irrelevant cues and internal information such
S Worry about missing, spectators, and so forth,
This basketball example shows that with prac-
¢ attention can be changed from a cumbersome,
/-ONscious process to a smooth, unconscious process,
These two aspects of attention have been called
Ontrol and automatic processing (Badgaivan,
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2000; Schneider, Dumais, & Shiffrin, 1984). Control
processing is used to process novel or inconsistent
information and is slow, effortful, capacity limited,
and controlled by the individual. In sport, control
processing is involved when decisions are required.
For example, a golfer who is considering distance,
wind conditions, and the position of hazards to
determine club selection would use control pro-
cessing. In contrast, automatic processing, which
is responsible for the performance of well-learned
skills, is fast, effortless, and not under direct con-
scious control. In sport, automatic processing occurs
when athletes have developed skills through many
years of practice. Thus, the professional golfer uses
automatic processing when swinging the club. The
major differences between automatic and control
processing are that automatic processing requires
little effort, attention, or awareness, whereas control
processing requires high awareness, much attention,
and intensive effort. All sports require a combina-
tion of automatic and control processing because
athletes need to perform many skills in a reflexive,
automatic manner yet also must make decisions
and process inconsistent cues and new information.
Closed-skill sports such as golf, archery, and shoot-
ing probably require more automatic processing,
whereas open-skill sports involve a combination
of the two. Thus, control processing (slow, effortful,
capacity limited, and controlled by the individual)
and automatic processing (fast, effortless, and not
under direct conscious control) have the potential
to play important roles in sport performance,

Attentional Capacity

A second aspect of attention that has been exam-
ined relative to performance is attentional capacity.
This term refers to the fact that control processing
is limited in the amount of information that can be
processed at one time, Specifically, a person can
perform only one complex task at a time and thus
would have difficulty focusing attention on two
sources of information simultaneously. Conse-
quently, control processing can be viewed as having
a limited capacity for processing information from
either the internal or external environments, Thus,
performing multiple tasks or attempting to focus
on more than one source of information may impair
performance. An example of control processing
overload in the sport context would be two coaches
simultaneously giving a basketball player a stream
of instructions during a time-out.

The restrictions on attentional capacity are due
to both structural and central capacity limitations.

w
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Structural interference involves two tasks per-
formed at the same time using the same receptor
or effector systems. For example, listening for the
sound of a starter’s gun while at the same time
listening to a voice in the crowd could provoke
auditory structural interference. Capacity interfer-
ence occurs when two tasks compete for limited
central information-processing capacity simultane-
ously. Fixed-capacity and undifferentiated theories
represent two different views for explaining how
task performance will be affected if capacity for
processing is exceeded. Fixed-capacity theories
(e.g., Broadbent, 1958; Keele, 1973; Kerr, 1973;
Norman, 1969) assume that capacity is fixed in
size and remains the same for different tasks, In
contrast, theories of undifferentiated capacity (e.g.,
Kahneman, 1973) view attention as a resource that
can be channeled to various processing operations.
This approach is a more flexible view of attention
and suggests that capacity changes as task require-
ments change. Multiple resource theory (Navon
& Gopher, 1979; Wickens, 1984) is an extension
of flexible attentional capacity and suggests that
attention may consist of a set of pools of resources,
each with its own capacity to handle information
processing. This view suggests that processes
requiring attention may be able to handle more than
one stimulus at any one time (parallel processing).
The ability of the human information-processing
system to process multiple sources of information
simultaneously would depend on the importance
of the tasks involved, task difficulty, and structural
considerations. Resource theory generally is viewed
as an attractive framework for understanding atten-
tion. Critics of the theory, however, have focused
on issues regarding practice and divided attention
and the number of resources necessary to cover all
aspects of attention (see Hirst, 1986; Logan, 1988).
Whereas control processing is fragmentized;
requires much attention, effort, and awareness; and
can handle only relatively simple tasks, automatic
processing is just the opposite. Automatic process-
ing requires little attention, effort, or awareness;
is not serial dependent; and is holistic rather than
fragmentized in nature. The capacity limitations
of automatic processing are less restrictive than
are those of control processing. For instance, per-
forming a golf swing involves a variety of muscles
initiated by millions of efferent neural impulses. If
a person had to monitor this process consciously,
the task would be overwhelming. Thus, control
processing, which may be dominant in the early
stages of learning (Shiffrin, 1976), eventually will
give way to automatic processing if the skill is to be

- performed in an effortless, efficient manner, Bo

- a central visual task decreases the ability to respon

- ate in the peripheral visual field: In sport,

performance, then, the greater attentional ¢,
limitation of control processing compared w
of automatic processing is important.

Attentional Alertness

The third aspect of attention that hag been examin
in information-processing research concerng'
effects of alertness and arousal on the breadth
the attentional field. Easterbrook (1959), in a gg
prehensive review of the available literature; git
numerous research studies supporting the hy
esis that increases in emotional arousal narrg
attentional field because of systematic reduction
the range of cue utilization. Landers (1980a, 1980}
1981) used the work of Easterbrook (1959) to e
ine the effects of emotional arousal on athletes’ vigy3
field during performance. Numerous studies h
indicated that in stressful situations, performane

0
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to peripheral stimuli (Bacon, 1974; Hockey; 197
Landers, Qi, & Courtet, 1985). Thus, it appears th;
arousal can bring about sensitivity loss to cues th

guard play in basketball provides an example of t
overarousal can affect the visual attentional field]
a point guard is looking for teammates outside
key (scanning the periphery of his or her attentional§
field), overarousal may bring about perceptual
rowing. This narrow focus may prevent the p
guard from detecting open players in the péripher
Because many sport skills are performed in arouse
states, the phenomenon of attentional field na
rowing may be an important determinant of spo
performance. Also the attentional narrowing phi
nomenon has been associated with sport injuries. Fors
example, negative life event stress has been showils
to induce peripheral narrowing that is associateds
with increased athletic injuries (Rogers, Alderm
& Landers, 2003; Rogers & Landers, 2005).

Conclusion

Researchers using the information perspec
have focused primarily on selection, alertness, an&g
capacity aspects of attention. Important aspects
selective attention are control and automatic pr
cessing. Control processing is slow, requires effo
and is controlled by the individual. In contrast, aut
matic processing is fast, effortless, and not und
conscious individual control. Control processiiias
is important in the early stages of learning ﬁ“d.'_'-
for dealing with novel and inconsistent informa* =8



i {oh, whereas automatic processing is responsible
i for skills that are so well learned that they require
& [ittle attention or effort. Regarding alertness, it has
& peen demonstrated that increases in emotional
A arousal can narrow the attentional field because of
£ gystematic reduction in the range of cue utilization.
& Researchhasalso shown that the capacity limitation
of control processing is more restrictive than that of
- automatic processing,

¢ well-learned skills, automatic processing appears to
" be an important aspect of athletic performance. But
- successful sport performance also requires use of

control processing. For instance, receivers and quar-
terbacks must constantly monitor the environment
through control processing to attend to vital cues.
In these performance situations, focusing attention

to perform well-learned skills may impair perfor-
mance. Social psychologists have conducted most of
the research about this aspect of control processing
(i.e., the possibility that task-irrelevant rather than
task-relevant stimuli may enter the information-
processing system, thus disrupting performance).
Most theories and explanations concerning this
phenomenon have evolved from research in test

anxiety, self-awareness, and pain. Three areas of
¢ this attentional research are pertinent to the role of
¢! attentional control and performance of well-learned
skills: distraction theories, automatic functioning,
& and attentional style.

':Disfracrion Theories

Distraction theories focus on the loss of attention
‘Caused by factors that attract attention to task-irrel-
evant cues. Thus, if task-irrelevant cues attract an
athlete’s attention, performance may suffer. If an
cher focuses solely on thoughts of missing the
‘target, attention might be disrupted and perfor-
Mance degraded. Similarly, if a baseball or softball
& batter does not focus visual attention on the pitcher,
- {_ht‘_or she probably will not make contact with the
ball. Thus, even momentary loss of concentration
during the initial flight of the ball may have dev-
astating results, ‘

- One factor that may divert attention to irrelevant
E: Stimuli is worry. Sarason (1972) and Wine (1971)

on task-irrelevant information while attempting.

Attentional Processes and Sport Performance

suggested that worry as an emotional state distracts
attention and thus can explain the negative effects of
test anxiety on performance. According to Sarason
and Wine, anxious people typically focus their atten-
tion on task-irrelevant thoughts and ignore critical
task cues during testing. Thus, individuals who
dwell on thoughts such as “I know I'll fail because
I'm not as good as the others” are not focusing their
attention on task-relevant cues and will not produce
performance results that reflect their ability. Acute
anxiety, in the form of self-debilitating thoughts,
has been associated with competitive athletic
situations (Gould, Greenleaf, & Krane, 2006). Thus,
this research on distraction seems to be especially
relevant to the study of sport. Processing task-irrel-
evant information can explain performance decre-
ments in a wide range of athletic settings. In highly
competitive situations, for example, performance
could be hampered because the athlete focuses on
self-defeating thoughts. In contrast, in nonstimulat-
ing, low-arousal environments (e.g., competitions
that occur over hours or days), a lack of intensity in
attention may cause the athlete to miss important
task-relevant cues.

Another source of distraction information is self-
awareness. Carver and Scheier (1981) suggested that
attending to oneself while performing may take
attention away from task cues, thus degrading per-
formance. Other authors (Duval & Wicklund, 1972;
Scheier, Fenigstein, & Buss, 1974) have suggested
that attending to oneself and to the environment at
the same time is impossible. Because social facili-
tation generally tends to increase self-awareness
(Carver & Scheier, 1978), the presence of spectators
and cameras at sporting events has the potential
to increase focus on the self, thus distracting the
athlete. Thus, distraction in the form of worry or
self-awareness is another attentional factor that can
affect skill performance.

Automatic Functioning

The second area of study in the social psychology
research literature that is relevant to the disruptive
effects of inappropriate attentional focus concerns
the automatic execution of sport skills. This concept
relates to the automatic-processing icdea that was
discussed in the section on information process-
ing. Baumeister (1984) suggested that competitive
pressure makes people want to do so well that they
tend to focus on the process of performance. In
competitive situations, when individuals realize the
importance of correct skill execution, they attempt
to ensure success by consciously monitoring the

i
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process of performance. That is, they attempt to
put the execution of a skill, which is typically under
automatic-processing control, under the control-pro-
cessing mechanism. Unfortunately, consciousness
(control processing) does not contain the necessary
information regarding the muscle movement and
coordination essential for effective performance.
Thus, attempting to exert active or conscious control
over the process involved in a skill can degrade per-
formance (Kimble & Perlmuter, 1970). An example
of the effect of consciously controlling well-learned
skills was provided by Langer and Imber (1979),
who demonstrated that attempting to ensure accu-
racy by consciously monitoring finger movements
during typing was detrimental to performance.
Keele (1973) found that focusing attention on hand
movements during piano playing detracted from
performance. Krings et al. (2000), using magnetic
functional imaging, also found that professional
compared to amateur piano players exhibited less
cognitive effort during performance. Baumeister
(1984) demonstrated this effect by using labora-
tory tasks when he found that increasing subjects’
attention to the process of performing debilitated
performance. Thus, attempting to ensure success by
consciously monitoring performance during compe-
tition is another inefficient use of attention.

Attentional Style

Individual differences may exist regarding the
distraction and automatic-processing concepts dis-
cussed in the previous sections. Thus, in competitive
situations, certain athletes might use an attentional
style that hinders performance. Variations in atten-
tional style and their effect on sport performance
have formed the focus of much of the attentional
research in sport psychology. For instance, Nideffer
(1976b), using concepts developed by Easterbrook
(1959), Wachtel (1967), and Bacon (1974), suggested
that the attentional demands of any sporting situa-
tion will vary along two dimensions: width (broad
or narrow) and direction (internal or external). A
broad external focus requires people to focus ona
wide area of the external environment (e.g., a quar-
terback scanning the width of the field), whereas
with a broad internal focus, people focus attention
internally on a variety of strategies and past expe-
rience. A narrow external focus is appropriate for
activities that require people to focus on a nartow
aspect of the external environment, such as a golf
ball or the ring in foul shooting. A natrow internal
attentional focus is most suited to attending to spe-
cific images or cognitive cues.

The challenge for the athlete, according to Nj
fer, is to match the attentional demands of
sporting environment with the appropriate a
tional style. Therefore, an individual who useg
inappropriate style for a particular activity (e
baseball batter who broadly focuses his attenti
players and spectators rather than using a narro
focus on the pitcher) may experience impaired
formance. Nideffer (1976b) also used Easterbro
notion of attentional narrowing to explain the eff
of anxiety and arousal on attentional processes
discussed previously, the suggestion is that aro
produces an involuntary narrowing in atten|
and may interfere with the person’s ability to sh
attentional focus. '

Nideffer (1976b) proposed that individ
may possess a particular attentional style. The
styles, which are relatively stable across situatio
and over time, may affect performance in certain
situations if the athlete’s style is incompatible wif 15
the attentional requirements of that situation. ot
example, a basketball player may consistently
focus on thoughts of missing when shooting |
shots. In contrast, the aspects of attention tha
state dependent are situation specific and thus
amenable to change. Nideffer (1976b) developed

the Test of Attentional and Interpersonal St
(TAIS) to assess the strengths and weaknesses
individual’s attentional style. The subscales o
TAIS are broad external, external overload, bro
internal, internal overload, narrow effective fo
and errors of underinclusion. Although Nideffezs
provided preliminary support for the reliability]
and validity of the TAIS (Nideffer, 1976c), m
recent research has suggested that the TAIS
limited validity and predictive properties for spoz
performance. Landers (1981, 1985a), who reviewe
research examining the TAIS and sport per
mance, concluded that the scale seems to meas
the narrow versus broad dimension but not
internal versus external dimension. Furthermore
found no evidence that the TAIS is a good predics
tor of sport petformance. Other researchers haves
developed sport-specific versions of the TAIS f
tennis (Van Schoyck & Grasha, 1981) and paseba
(Albrecht & Feltz, 1987) in an attempt to increas
reliability and validity of questionnaire assessO\
of attentional style. Although these versions Of
TAIS increased internal consistency and were bet
predictors of performance, the prediction-—peff
mance relationship was still weak. A
Any questionnaire assessment of attentiont
inherently limited in at least two ways. For instané
the assumption underlying questionnaire asse



nt is that athletes are able to make accurate
essments of their attentional focus across vary-
ng situations. The veracity of this assumption has
been established. Second, the assumption that
-analysis and language can accurately describe
" attention has problems. As discussed earlier, the
‘automatic-processing aspect of attention appears
o be free of conscious monitoring (Schneider et al.,
984), Thus, a paradox may exist when athletes are
sked to assess nonconscious attentional states by
jay of conscious processing.
Arelated aspect of attentional style is the associa-
n-dissociation attentional strategies that elite and
nelite marathon runners use. Exploratory inter-
ws with such athletes (Morgan & Pollack, 1977)
e revealed that elite runners were less likely to
dissociative strategies when running (focusing
distractive thoughts to divert attention from
ysical discomfort) than were nonelite runners,
ather, elite marathoners reported that they used
ssociative strategies (focusing onbodily sensations
ich as breathing and feelings in legs) more often
n did nonelite runners.
. Schomer (1986) suggested that postinterview
ata, postrace questionnaires, and anecdotal reports
not accurately assess the continuous thought
ow of runners while running. To test this sugges-
¢ tion, Schomer (1986) used a tape recorder to record
| runners’ thoughts while they ran on a treadmill,
he tapes were then content analyzed by coding
oughts into mental strategies. From this analysis,
0 categories emerged as mental strategy subclassi-
i fications. Comparison of elite and nonelite runners’
of the 10 categories did not support the results
t Morgan and Pollack (1977), who found that elite
arathoners used associative mental strategies,
Nereas non-world-class runners preferred to dis-
Ociate, In contrast, the results of the Schomer study
gest that regardless of the marathon runners’
tus, increased running pace was accompanied by
Predominately associative mental strategy.
* In a second study, Schomer (1987) trained
arathon runners to use associative thinking.
ive-week mental strategy training program
iaught nonelite marathon runners to use associa-
Ve thought processes similar to those of superior
athon runners. Eight of the 10 marathon run-
§ undergoing the program exhibited increased
Sociative thought processes and an increase in
Srceived training effort. Schomer concluded that
SINg associative mental strategies during mara-
ON running and training might enable athletes
achieve optimum running threshold. Overall,

-;A_theSE results suggest that an associative attentional
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focus may be most beneficial for long-distance
sporting events such as marathon running. Acute
(e.g., cycling on a stationary bike for 20 minutes)
and chronic exercise (e.g., walking three times
per week for 40 minutes) have also been found
to influence certain aspects of attention. QOverall,
results indicate that moderately vigorous aerobic
exercise lasting up to 60 minutes enhances cogni-
tive function but that extended exercise reduces
information-processing efficiency. Reviews in this
area include the effect of acute exercise on cogni-
tive ability of adults (Brisswalter, Collardeau, &
Arcelin, 2002; Tomporowski, 2003) and the effect of
chronic exercise on cognitive ability of older adults
(Colcombe & Kramer, 2003).

Social psychologists’ interest in attention has
focused -primarily on the disruptive influence of
nonrelevant task stimuli suchras worry and self-con-
sciousness, In well-learned tasks, inappropriate use
of control processing appears to have the potential
to hamper the performance of well-learned skills
that are typically under the control of automatic
processing. In sport, in which many skills are well
learned, athletes may interfere with automatic non-
conscious performance by focusing on distracting
information such as worry and fear of failure and by
consciously attempting to control movement.

Social psychologists also have been interested
in potential individual differences in attentional
capabilities. These differences in attentional style of
different athletic groups have been assessed through
questionnaires. The rationale behind such question-
naires is that assessment of an athlete’s attentional
style can predict future performance, Unfortunately,
no evidence exists that attentional questionnaires
are good predictors of sport performance. Also,
because of the nature of automatic processing, the
validity of assessing attentional states by retrospec-
tive recall is uncertain. Other ways of assessing
attentional style include interviews and thought-
sampling techniques. The latter strategy may have
greater potential for attentional assessment because
it does not rely on retrospective recall.

Psychophysiological
Perspectives

In contrast to cognitive psychologists who have
attempted to understand attention by studying
the whole process (receptor, information process-
ing, and motor output), psychophysiologists have
attempted to identify the mechanisms of attention

«
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by examining its component parts. In psychophysi-
ological research, electroencephalogram (EEG),
evoked response potentials (ERPs), heart rate, and
gaze behavior primarily have been used to examine
attention and its relationship to performance. For
instance, EEG (obtained by monitoring general
cortical activity through scalp electrodes) has been
studied in relation to a variety of cognitive tasks
including vigilance detection, perceptual structur-
ing, and object recognition and discrimination.
ERPs, which are averaged brain responses to a series
of stimuli, also have been examined as indicants of
attention and have been found to be sensitive to the
level of concentration on a task.

Psychophysiological indicants of attention also
havebeen used in sport research, Hatfield, Landers,
and Ray (1984), for example, examined left and right
brain alpha EEG activity of elite rifle shooters while
subjects were shooting and while they performed
a series of mental tasks. Results indicated that
progressive electrocortical lateralization occurred
toward right hemispheric dominance before the
trigger pull. Thus, secondsbefore pulling the trigger,
shooters exhibited more alpha activity in their left
hemisphere compared with their right. The authors
suggested that elite shooters may possess such a
high degree of attentional focus that they can effec-
tively reduce conscious mental activities of the left
hemisphere, thus reducing cognitions unnecessary
to performance of the task. This cognitive efficiency
phenomenon found in shooting is a robust finding
because a series of recent studies have replicated it
(Deeny, Hillman, Janelle, & Hatfield, 2003; Haufler,
Spalding, Santa Maria, & Hatfield, 2000; Janelle,
Singer, & Williams 1999; Kerick, Douglass, & Hat-
field, 2004; Kerick et al 2001).

Crews and Landers (1992) found similar
decreases in left hemispheric alpha EEG activity
immediately before golfers struck the ball when
putting. Unlike shooters, however, golfers showed
decreased right hemispheric alpha activity before
putting. The authors suggested that the different
EEG responses during putting may be caused by
the need for both hands to be actively involved in
putting.

Landers et al. (1994) showed that as novice
archers improve performance, their EEG asym-
metries change to resemble those of elite archers.
These authors found that left hemisphere alpha
activity of novice archers before releasing the arrow
increased as archers improved performance. An
extreme increase, however, was associated with
poorer performance. Also, after the 15-week archery
class, heart rates of the novice archers were observed

to decelerate seconds before shooting. The authoyg
concluded that EEG asymmetries and heart rate.
deceleration are markers of attention that change
with learning. :
Other sport scientists have examined ERPs befoya
and during shooting, In this research, investigatqyg
record multiple ERPs and then separate them frop,
other electrocortical noise by signal averaging tech.
niques. For example, Konttinen and Lyytinen ( 1992).
and Konttinen, Lyytinen, and Konttinen (1995)
examined an ERP known as slow wave. They found ' |
that increases in frontal negative shifts were associ-.
ated with successful performance if central-right
slow waves were more positive than central-left
slow waves. The authors suggested that the regy]
reflected the ability of elite shooters to eradica
irrelevant motor activity while concentrating on,
visuospatial processing. _
These data support the notion that there ar
general processing differences between the left an,
right cerebral hemispheres of the brain. For exa
ple, studies of split-brain patients’ performan
(LeDoux, Wilson, & Gazzaniga, 1977; Sperry, 19
and EEG patterns (McKee, Humphrey, & McAdam
1973) and lateral eye movements (Schwartz, Davi
son, & Maer, 1975; Tucker, Shearer, & Murray, 19
have demonstrated that for most people, verbal a
linguistic processing occurs in the left cerebral he
sphere, whereas spatial cognitive processing occurs!
in the right hemisphere. Also, the left hemisphere 8
appears to process information analytically, break-:
ing down a concept into discrete parts, whereas
the right hemisphere processes holistically in a
gestaltic fashion (Springer & Deutsch, 1998; Tuck
et al,, 1977). :
Another variable that has been used to explore
attentional states in athletes is cardiac deceleration:s
For example, a number of studies have found heatt
rate deceleration with elite rifle shooters just befo
the trigger pull (Helin, Sihvonen, & Hanninen, 19t
Konttinen & Lyytinen, 1992; Landers, Christin
Hatfield, Doyle, & Daniels, 1980). Similar re
have been found with archers, who exhibited
progressive deceleration in heart rate seconds bef¢
the release of the arrow (Landers et al., 1994)
another study of elite archers did not find heart 18i&
deceleration before arrow release (Salazar et a4
1990). The authors explained the absence of he
rate deceleration in their elite archers becauSe &
the physiological strain imposed when drawing G
14- to 22-kilogram bow. They concluded that cardia&
deceleration can be used as an attentional index Oft
when the preparatory state is not physiologl
demanding. '




{Boutcher and Zinsser (1990) also found similar
celeration effects with elite and beginning golfers
a putting task. Both groups displayed heart rate
eceleration during performance of 4- and 12-foot
(1.2- and 3.6-meter) putts, although the elite golf-
s showed significantly greater deceleration. The
te golfers also possessed significantly less vari-
le preshot routines. The authors suggested that
e different heart rate deceleration patterns may
flect the more efficient attentional control of the
te golfers. Other regearchers who examined old
‘and young golfers found similar results (Molander
& Backman, 1989).

Gaze behavior is another measure used to exam-
e attention and sport performance. Gaze behavior
b isbelieved to represent visual attention organization
\ during closed-skilled performance (Vickers, 1996a)
tand has typically been measured by video-based
e movement systems (Janelle et al., 2000). Vick-
s (1996b) has shown that the quiet eye period,
efined as the duration between the final fixation
‘a target and the initiation of the motor response,
15 a major performance determinant among expert
) and novice free-throw shooters. Highly skilled
free-throw shooters recorded significantly longer
uiet eye periods before performing a free throw
ompared with less skilled players. Vickers (1996b)
uggested that the longer the gaze is fixated on the
arget (the quiet eye period), the more optimal is the
reparatory period. The quiet eye phenomenon has
been shown to be characteristic of elite volley-
all players (Vickers & Adolphe, 1997) and expert
all-bore rifle shooters (Janelle et al., 2000).
 Sport psychophysiologists have studied attention
y monitoring cortical and autonomic responses
ring athletic performance. EEG studies have
dicated that elite shooters display cortical lateral
i asymmetry during shooting performance. Cardiac
eceleration has been associated with attentional
States in archery, shooting, and putting. Eye gaze
1138 been shown to influence the preparatory period
Sports such as basketball, volleyball, and rifle

ioynthesis of Theoretical
Cerspectives

e e review of the research and theory presented
§ 1 the first half of this chapter has revealed that
€ attention—performance relationship has been
¢ "tudied from three different viewpoints, Despite the

“atively diverse nature of these three perspectives,
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they actually represent complementary approaches
and together provide a unique, integrated per-
spective on the relationship between attention
and sport performance. Therefore, I recommend
that future research into the attentional processes
underlying athletic performance take into account
the principles outlined in the previous sections on
information processing, social psychology, and
sport psychophysiological research. Thus, atten-
tion should be viewed as a multifaceted, multilevel
phenomenon that can be assessed through ques-
tionnaires, thought sampling, observation analysis,
performance, and psychophysiological measures.
The appropriateness of the measure would depend
on whether the performer carries out the skill in the
control-processing mode or the automatic-process-
ing mode. Other factors that need to be considered
when investigating the attention-performance
relationship include individual differences, environ-
mental influences, and changes in the performer’s
level of arousal. A preliminary framework based
on this multidimensional approach is illustrated in
figure 14.1, This proposed model integrates relevant
aspects of the research and theory on attention
from all three perspectives. As shown in figure
14.1, enduring disposition (e.g., high trait anxiety),
demands of the activity (e.g., putting versus sprint-
ing), and environmental factors (e.g., spectators and
television cameras) initially will determine the level
of physiological arousal of the individual. During
task performance, the individual could channel this
arousal into control processing, automatic process-
ing, or a combination of both. The nature of the
task would determine the appropriateness of using
either control or automatic processing. The indi-
vidual would achieve an optimal attentional state,
then, by reaching or attaining the exact balance of
control and automatic processing essential for that
particular task. Obviously, disruption in attentional
processes would occur if internal or external factors
caused the individual to reach a level of arousal that
would cause an imbalance in control and automatic
processing,

The arrows linking the ellipses and boxes in figure
14.1 indicate feedback mechanisms that would
allow factors to interact and influence attention both
during and after performance, An example of the
interaction of these factors is a golfer attempting to
hole an important putt. The perceived importance
of the putt (e.g., a putt to win a tournament) could
increase physiological arousal and anxiety, which,
in turn, could reduce the golfer’s attentional capac-
ity. This anxiety could generate thoughts of missing
the putt, which could direct attention away from
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: factors

Flgure 14.1

task-relevant cues. Thus, the golfer may focus
attention mostly on irrelevant information and
be primarily in the control-processing mode. This
state may be detrimental to putting performance,
which the golfer should probably perform in the
automatic-processing mode.

Possible ways to measure either control or auto-
matic processing are illustrated in the end column.
Self-report may be most useful for people engaging
in control processing, although this notion does not
preclude the use of retrospective recall to assess
feelings and emotions associated with automatic
processing. Variables such as facial state, eye gaze
(discussed further in the next section), and psy-
chophysiological variables also appear to have
potential for measuring attention during athletic
performance.

In summary, researchers who study the relation-
ship between attention and performance need to
consider integrated models of attention. Viewing
attention from a multidimensional perspective may
generate more systematic research and provide a
more reliable and valid research paradigm.

Applied Perspectives on
Attentional Control

As shownin this review, attentional theories of sport
performance are not well developed. In addition,
the empirical research that has been conducted
on attention in sport has lacked a unifying model.
Consequently, techniques to improve athletes’ atten-

Interactions between internal and external factors and attentional processing.

tional capabilities have not been developed within
theoretical framework and have proceeded largel
by trial and error. Certainly, applied research needs
to be conducted to advance understandmg of how
athletes’ attentional capabilities can be improve
Specifically, qualitative strategies (e.g., single-su
ject research) should be wedded to the idjo graphic
framework suggested earlier.
Given the lack of empirical research on atten- ¥
tional training, sport psychologists who want to pro-
vide attentional training for individual athletes w
need to develop programs based on the research an:
theory discussed previously. The purpose of
last section is to outline a preliminary attentiona
training program. This proposed training program
is based on the research and theory described
the previous sections. These recommendatio
are consistent with the principles outlined in the
integrated model illustrated in figure 14.1. Consi
erably more field research, however, is needed
test the suitability and efficacy of these propos
techniques. This final section is divided into thr
parts: assessment of athletes’ attentional strengths
and weaknesses, basic attentional training, and s
advanced attentional training,

Assessment of Attentional Strengths and o
Weaknesses :

Before an attentional training program can
designed and conducted for an individual athleté
an assessment of the athlete’s attentional stren,
and weaknesses will be necessary. Given the @
tifaceted nature of attention, it follows that asse



ent strategies will be most effective if they are
o multifaceted. Some possible ways to assess
an individual’s attentional capabilities include
questionnaires, interviews, thought-sampling
“tochniques, observational analysis, performance
tests, and psychophysiological measurement. These
assessment strategies are examined further in the
Following paragraphs,
Sport-specific questionnaires seem to be more
liable and predict more variance associated with
rformance than do general measures of attention
ichkowsky, 1984). As discussed previously, sport-
specific forms of the TAIS have been developed for
is: (Van Schoyck & Grasha, 1982) and baseball
brecht & Feltz, 1987). These questionnaires
ould be used with caution, however, and only as
part of a multidimensional assessment of atten-
n because of their inherent limitations, which
twere discussed previously. The thought-sampling
chnique (Klinger, 1984; Schomer, 1986) appears
be a more valid way of assessing what athletes
focus their thoughts on during performance. This
chnique involves recording individuals’ thoughts
uring actual activity (usually by tape recorder); it
§seems especially appropriate for continuous activi-
ties such as running but could be adapted to other
sports, For instance, golfers could record on a tape
rite on a scorecard (see Boutcher & Rotella,
their thoughts and feelings after shots. The
archers could then perform content analysis and
ate attentional foci during task performance.
thletes’ attentional strengths also could be
sured through laboratory tasks such as choice
tion time tasks, the Stroop test, and the grid
For instance, in research with elite and nonelite
ers, Landers, Boutcher, and Wang (1986) found
the better archers recorded lower reaction times
n performing a reaction-anticipation time task
did their lesser-skilled counterparts. Better
fners’ lower reaction times were due to greater
Sistency across performance trials, not because
¥y Were innately faster. Thus, these elite athletes’
-"Ponses may have been more consistent because
=Y could concentrate more effectively in this test-
ltuation. Whether this difference in concentra-
Nal capabilities is linked to actual performance
Tences between elite and nonelite archers has
. been established.
iAnother laboratory task that could be used to
5SS attentional capabilities is the Stroop test
B 00D, 1935). This test involves watching a series
Slides flashed on a screen at the rate of one per
2°Nd. On each slide is a word of a color in a con-
Sting color, For example, the word red may appear
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in green letters, Participants are required to report
the color of the letters rather than the word. This task
has been used extensively in a variety of research
areas and usually produces heart rate increases of
approximately 10 to 20 beats per minute. The task
requires people to learn to focus attention on the
color aspect of the slide while ignoring the letters.
Stroop performance could be collected and used
to assess both the efficacy of the Stroop as a train-
ing strategy and the efficacy of other attentional
techniques. The grid test is another task that has
been used with athletes (Schmidt & Peper, 2001).
This test involves checking off random numbers
on a sheet as quickly as possible in a one-minute
period. This test is administered easily and requires
little equipment. As discussed in the section on
advanced attentional training, other more sport-
specific attentional strategies involving computers
and videos could be used after initial experience
with these laboratory tasks.

Another form of attentional assessment involves
the use of observational behavioral analysis. Crews
and Boutcher (1987) developed an observational
analysis technique that they have used to assess
the consistency of professional golfers’ preshot
routines, In a series of studies, they found that elite
golfers possessed more consistent preshot routines
than collegiate or beginning golfers did (Boutcher &
Crews, 1987; Crews & Boutcher, 1986). Thus, behav-
ioral analysis through observation or videotaping
appears to be an effective way of examining the
behavioral concomitants of attention during actual
performance.

Another potential indicant of attention is the
assessment of facial or eye states. Awell-developed
body of literature has examined facial reactions as
an indicant of affective states (Camras, Holland,
& Patterson, 1993; Ekman & FPriesan, 1975; Izard,
1977; Tomkins, 1983), although facial reactions
associated with attentive states do not appear to
have been examined. Similarly, the direction and
characteristics of eye gaze have not been tested with
regard to athletic performance. Facial responses and
eye gaze, however, may reflect the general control
and automatic-processing styles discussed earlier.
For instance, Tucker et al. (1977) characterized an
individual’s hemispheric usage by observing lateral
eye movements. As discussed previously, research
has established that most people perform verbal
and linguistic processing in the left hemisphere
of the brain and perform spatial cognition and
perception in the right hemisphere. Kocel, Galin,
Ornstein, and Merrin (1972) suggested that people
who are responding to a question will tend to
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look left if the response requires spatial thinking
and right if the question requires verbal thought.
Thus, lateral eye movement to different types of
questions may indicate primary activation of the
contralateral hemisphere. Although this lateral eye
movement assessment has not been used in sport,
research in cognitive behavioral therapy suggested
that cognitive behavioral methods were most effec-
tive if they employed cognition of the participants’
nonpreferred hemisphere (Tucker et al., 1977). Con-
sequently, it may be possible to characterize athletes
as to their primary patterns of hemispheric usage
based on the frequency of leftward and rightward
eye movement when responding to different types
of sport-related questions,

Psychophysiological indicants of attention also
could be used to assess attention. Equipment to
collect indicants of attentional style is becoming
cheaper, more portable, and easier to use. Several
companies offer relatively inexpensive, user-
friendly biofeedback systems that can collect a host
of physiological variables. Thus, EEG, heart rate,
pulse amplitude, respiration, EMG, skin tempera-
ture, and other physiological variables can be either
used in a biofeedback setting or stored for research
or applied purposes. Autonomic indicants of atten-
tionsuch as heartrate are less affected by movement
and, therefore, lend themselves to collection during
actual performance. For example, wrist telemetry
monitors (Polar heart watches) can record up to 24
hours of heart rate during actual athletic perfor-
mance. The data can then be downloaded to a com-
puter and displayed graphically. Because cardiac
patterns seem to be associated with attentional style
(Boutcher & Zinsser, 1990; Crews & Landers, 1992),
this variable seems to have potential for assessing
cognitive activity during performance.

Finally, techniques to assess the attentional
demands of sporting situations also need to be
developed. As Nideffer (1976a) pointed out, athletes
need to match the attentional demands of the sport-
ing environment with the appropriate attentional
style. Thus, the athlete’s attentional strengths and
weaknesses should be assessed and compared with

Table 14.1 Nature of Sport Skills and External Demands

Natulreof thetask ' External factors
Slow~fast Game demands
Open-closed

Environmental demands

Fine-gross

 Conlrolprocessing

the attentional demands of the particylay Spo
Table 14.1 illustrates some of the factors that |
to be considered when analyzing the attentiop
demands of an individual position in a Part‘iclﬁ'
sport. Open-skill activities involve continupyg
repetitious movement patterns (e.g., swi
or basketball), whereas closed-skill activitieg 5
of a stop-and-start nature (e.g., golf or ﬁfchei’f,f
Fine skills require accuracy and generally inyof;
more delicate movements (e.g., putting origars
throwing), whereas gross skills are more dynami
and involve larger muscle groups (e-g., sprintine) 4
Generally, athletes performing fast, 8ross, opens
skill sports are less prone to sources of distracti
because attentional capacity is more limited duri
performance. In contrast, petformers participatin
in closed-skill activities may be more susceptib
to disruption of attention because of the extra
and capacity available. 7
This section has described possible ways to asg
anindividual’s attentional capabilities. Techniqu
include questionnaires, interviews, thought-s
pling techniques, observational analysis, perfo
mance tests, and psychophysiological measuren
A method to categorize the attentional demand
different sports was also described.

Basic Attentional Training

Based on the multidimensional profile that
be obtained from the assessment of an athlete/s!
attentional capabilities, a training program could be; :
designed around the athlete’s attentional strengtt
and weaknesses. If basic attentional trainin
required, the program would start at a basic |
and gradually progress to more complex, sop
ticated attentional skills. But whether attentio al®
training on laboratory or nonsport tasks will transfe!
to athletic performance is not clear. Considera
more research needs to be conducted to assess:tt
generalizability of attentional training as well
other forms of training (e.g., relaxation and ima
ery). Nevertheless, there appears to be poten
in viewing attentional skills in a similar fashi

Attenlional'proce'ss'ing_“ :

Automatic processing

Combination of control and automatic processing




Ernotor skills in which the learning environment
‘most productive if structured in a graduated
shion (Cote, Baker, & Abernethy, 2003). Thus,
entional training on laboratory tasks such as the
troop, reaction time, and grid tests could form the
st phase of the attention-training program, with
aining on more sport-specific skills conducted in
ter phases. '

Besides the laboratory training tasks already
entified, biofeedback is another technique that
an be used to develop basic attentional skills. Bio-
back requires people to be able to self-monitor
eventually control autonomic and somatic
sponses by interacting with some form of feed-
hack loop (usually a computer), Thus, athletes can
actice basic attentional control by learning to focus
eir attention on a variety of biofeedback cues.
en athletes are directed to watch the screen or
ten to an auditory cue, their attentional efficiency
uld be assessed by monitoring the resultant effects

the physiological variables being used. Because

ofeedback reinforces the subject, this type of
ning task gives instant feedback to the person
ut his or her ability to focus and adjust to the
ropriate cue.
*'Thus, basic attentional training programs could
tructured around a variety of laboratory tasks
organized so that attentional tasks become
gressively more difficult. Through these types of
aining activities, athletes could attempt to acquire
isic control of variables such as heart rate, respira-
ftion, and attentional focus.

anced Attentional Training

xtension of basic attentional training may take
orm of a sport-individualized program. At this
0vanced phase, the first step should be verifica-
10N that the athlete has acquired basic attentional
iontrol and is ready to develop sport-specific atten-
1 skills. For closed-skill athletes, much of the
itial work at the advanced attentional training
€Vel needs to focus on the development of sound,
L ective preperformance routines (Boutcher, 1990;
§r'oran, 1996). Thus, the precursor to successful
stentional control during actual performance may
'e establishment of a series of behavioral, physi-
cal, and cognitive cues, which optimally prime
©20th body and mind for the ensuing skill.

though an increasing number of researchers
Xamining preperformance states, little research
€xplored attentional states during actual athletic
. Ormance. This lack of inquiry is probably due to
§'© Beneral reluctance of cognitive psychologists to
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examine processes that are not readily available to
conscious processing. Consequently, unconscious
or subconscious processing has been confined
largely to psychodynamic theory and has remained
relatively unexplored in cognitive psychology
(Kissin, 1986). In sport, optimal attentional states
have been labeled peak performance (Privette,
1982; 1983) or flow states (Csikszentmihalyi, 1975;
Jackson, 1996), Unfortunately, these states have been
mainly assessed through retrospective self-report of
athletes. This approach views optimal attentional
functioning as an outcome rather than a process
and does not tell us much about the underlying pro-
cess (Hatfield & Landers, 1983). Thus, an outcome
approachmay notbe helpful in designing programs
to improve attentional flow during performance.

A tentative hypothesis based on the concepts of
control versus automatic processing and left versus
right brain functioning, which were discussed ear-
lier, may help stimulate research into the process of
attentional flow. As noted earlier, previous research
has demonstrated that elite shooters exhibit patterns
of left and right brain cortical activity different from
those of less elite shooters (Hatfield & Landers, 1983;
Kerick et al,, 2004). Specifically, the elite shooters
showed suppressed left hemisphere activity and
enhanced right brain activity. This particular pat-
tern may represent the optimal attentional state
during automatic skill execution. Furthermore,
because performing in competitive environments
is likely to generate physiological arousal (Moran,
1996), attentional flow may be achieved when
physiological arousal is channeled into automatic
processing rather than control processing. Thus,
focusing attention on the task at hand when physi-
ologically aroused may increase attentional flow.
Because arousal tends to focus and narrow attention
(Easterbrook, 1959), increased arousal and task-
appropriate processing may generate the positive
emotion, focused attention, and oneness with the
task that are associated with attentional flow states
(Jackson, 1996). Thus, the athlete who directs arousal
away from task-irrelevant information and into the
task itself may create optimal attentional flow. This
relationship is diagrammed in figure 14.1. Conse-
quently, the challenge for the athlete or any other
performer may be to learn how to direct competi-
tion-generated arousal into automatic processing
of the task at hand while suppressing analytical
processing. Thus, athletes who are actively thinking
of “nothing” while allowing themselves to perform
skills reflexively and automatically may be using
the most efficient attentional style for performing
in competitive, challenging situations.
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Because a large body of research indicates that
brain-wave activity canbe self-regulated, sport-spe-
cific EEG biofeedback seems to be of value in teach-
ing athletes appropriate attentional focus during
performance. For instance, research has established
that people can learn to suppress cortical activity by
learning to enhance alpha waves (Bauer, 1976; Elder
et al., 1985; Jackson & Eberly, 1982). Other studies
have demonstrated that participants can self-regu-

late EEG activity. For example, Schwartz, Davidson,

and Pugwash (1976) trained participants to develop
both symmetrical and asymmetrical EEG patterns.
Sutet, Griffin, Smallhouse, and Whitlach (1981) also
found biofeedback control of EEG asymmetries.

In the sport context, one study has examined the
effect of brain-wave biofeedback on archery per-
formance. Landers et al. (1991) administered right
hemispheric alpha feedback, left hemispheric alpha
feedback, or no feedback to three groups of archers.
The left hemisphere group improved performance,
whereas the right hemisphere group exhibited sig-
nificantly worse performance.

Although the efficacy of these EEG biofeedback
techniques has yet to be established in sport, the
increasing use of biofeedback in a variety of ath-
letic situations (Landers, 1985b) suggests that this
technique has potential. For example, biofeedback
techniques could be combined with sport-specific
videos. Thus, the athlete could be trained to produce
the appropriate attentional focus while participat-
ing in a video experience of the sport. Progressing
from the video to sporting situations on the practice
ground and then eventually to the actual com-
petitive setting appears to be logical. But research
is clearly needed to establish the efficacy of these
techniques in the sport domain.

Exploration of applied aspects of attentional con-
trol in sport is only beginning. Many of the ideas and
suggestions expressed in this section are specula-
tive and unsubstantiated by empirical research. My
intent was not to provide the reader with untried
techniques but rather to provide a broad review of

potential strategies that need to be investigateq
hope that this attempt to synthesize related resey
in attention to applied interests in sport will gep,
ate both basic and applied investigations into g,
attention phenomenon.

Conclusion

In this chapter I have attempted to integra
tesearch examining different aspects of attentic
from the areas of information processing, soqj
psychology, and psychophysiology. Each of the
research thrusts has emphasized a different p
related perspective of the attentional proce
Research in information processing has established
the existence of two related forms of processing
Control processing requires effort and is slo
and cumbersome, whereas automatic proce
is effortless, quick, and efficient. Social psychol
gists have focused on individual differencesia
environmental influences on attentional process,
The ability of extraneous, inappropriate cues
disrupt performance has been established, Sp
psychophysiologists have attempted to exami
the underlying mechanisms of attention by mo;
toring cortical and cardiac activity. Both corti
and autonomic indicants of attention have be
used successfully to assess attentional style
athletes during performance. I outlined a prelimis
nary model encapsulating these principles. This
multileveled, multifaceted nature of attenti
was developed further in the applied section, 2
I described a variety of assessment and trai
strategies. Assessment strategies included questi
naire, performance, thought-sampling techniqu
behavioral analysis, and psychophysiological in
cants, I outlined a preliminary model of atten
flow during peak performance and then describeg
training strategies to enhance attentional abil
including performance tests, computer and Vi
tasks, and biofeedback strategies.



