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Previous research using the dual-task paradigm to assess the time course of
attention has been conducted with many sport-specific movements, such as a tesnis ser
a volleyball set, a horseshoe pitch, and a basketball free-throw. Howevenelaos li
research has not been applied to a golf putting stroke which differs from previaus spor
skills because it requires that participants strike the ball with a cludr thn propelling
it directly from their hands. In the current study, a dual-task paradigmsealsto
investigate the time course of attention during two golf putts: one from 6 &3t (e
condition) and one from 12 feet (difficult condition). A sample of experienced g@Ners
= 20) with a handicap of 17 or less participated in the study. Participantaskecd:to
respond verbally to an auditory tone presented at three probe positions during the two
putts. The order of the putts and the presentation of the auditory cue at each probe
position were randomized and catch trials were used to prevent anticip&aty.efThe
first hypothesis of this study stated that the time course of attention vatiold &
similar pattern for both shots. Specifically, it was hypothesized that atiahtdtemand
would be greatest just before the putter contacted the golf ball. The second $igpaithe
this study stated that the increased task difficulty of the 12-foot putt wesidt in
greater overall attentional demand during this putt than during the 6-foot putt.

The results of a repeated-measures analysis of variance (ANOVp)ttorg
performance indicated no significant differences in the level of perfaengn> .05) for

probe positions across the short putt. However, a repeated-measures ANOVAirigr putt
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performance on the long putt indicated that participants’ level of performhanged

based on probe position (p <.05). Based on previous research, these findings suggest
that the time course of attention cannot be accurately assessed in the totgsput
conclusion is due to a reprioritization of the primary and secondary tasksitidicated

by inconsistency in performance across probe positions. The results of adepeat
measures ANOVA for reaction time during the short putt showed that thereavere
significant differences in reaction time at each probe position (p > .05), imdi¢hét
attentional demand remains constant throughout the putting stroke. The results of a
repeated-measures ANOVA for reaction time also indicated that redotiesan the

long putt were significantly higher than reaction times for the short putt@p)<

indicating that the long putt required an overall higher level of attentionalndetnan

the short putt. These findings suggest that experienced golfers demamstrastant

level of attentional demand throughout the putting stroke on a 6-foot putt. These findings
also suggest that experienced golfers were unable to maintain primaryrfaskaece

on the 12-foot putt and that the 12-foot putt required higher attentional demand than the

6-foot putt as a result of increased task difficulty.
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CHAPTER

INTRODUCTION

In the field of psychology, attention has been studied extensively since the
nineteenth century. Intuitively, it is clear that we can only attend to adimumber of
things at one time, and our performance on a task may suffer if attentionakcessare
strained. William James (1890) defined attention as “The taking possessiardahmi
clear and vivid form, of one out of what seem several simultaneously possible objects
trains of thought. Focalization, concentration, and consciousness are of its eisence.
implies withdrawal from some things in order to deal effectively with othéKp. 381-
382). This definition suggests that attentional capacity is limited and that@assci
effort is required to focus on the desired object or task; in other words, a person must be
selective about where to allocate attentional resources.

The capacity theory of attention states that each person possesseslapaniera
of attentional resources and this pool has a general limit with regards to méorma
capacity (Knowles, 1963). Attention may be allocated freely between muitgils, tout
interference will occur and task performance will suffer if the combirtedtainal
demands exceed capacity. The amount of interference that occurs is dalattly to
the amount of attention that each task requires. Therefore, a task requiring a low amount
of attention would leave plenty of attentional resources to complete anothetissa

task requiring a high amount of attention would leave fewer resources to camplet



another task and be more likely to cause interference. When attentionalycepacdt
meet the task demands, interference will cause performance to suffér or fai

In order to determine the time course of attention of an activity, the dkal-tas
paradigm is often used. In this paradigm, participants are asked to perforrsksvo ta
simultaneously: a designated primary task and a designated seconkléi§ataseman,
1973). Performance on each task is first measured independently in order tahestablis
baseline for performance. Then both tasks are performed together, and tlyeofjualit
performance on the secondary task provides a measure of the attentional load logpose
the primary task. Although the primary task could be almost anything thatagquir
attention, the secondary task typically involves a different form of sengauy to reduce
interference between the two tasks that is due to sensory overload as opposed to
attentional demands (Beauchet, Dubost, Aminian, Gonthier, & Kressig, 2005). For
example, a primary and secondary task that both involved auditory stimuli would lead to
greater interference than having one task that involved mainly visual stmdudinether
that involved mainly auditory stimuli. The secondary task is also often much less
demanding than the primary task to help ensure that the tasks are not reguliostiz
secondary task may consist of a verbal response to an auditory cue as in Sibleyeand Etn
(2004) or Price et al. (2009). Performance on the secondary task may be assagsed us
form of the dual-task paradigm called the reaction time probe technique.

The reaction time probe technique assumes a fixed, non-changing attentional
capacity to perform two tasks simultaneously; the secondary task is dedigaa

reaction time task (Abernathy, 1988). If the primary task requireg@ éamount of a



person’s attentional capacity, he or she will have less attention to devote tactimnrea
time task and reaction time will suffer as a result. Reaction timeseasured over the
course of probe positions that are established for an activity, and both the peak of
attentional demand during the activity and the time course of attention duriactithty

may be mapped. Slow reaction times indicate a large amount of attention being devote
to the primary task at a particular time while fast reaction times iredecamall amount

of attention being devoted to the primary task at a particular time. Essgitiprson’s
reaction time on the secondary task will vary in order to maintain performanioe on t
primary task. The reaction time probe is a useful technique for determiningnéhe t
course of attention for tasks in sport settings.

The reaction time probe technique has been used to measure the time course of
attention in several sport-related tasks. Castiello and Umilta (1988) conductexs ake
studies using the dual-task paradigm on sports such as volleyball, running, and tennis. In
the first study, volleyball players received a serve and results indliteteattention was
greatest just before the ball was received. In the second study, spridtargders
were tested. For both events, the time course of attention was similartesmtoagl
demand being greater at the first and last probe positions of the race whenetbtopa
probe positions in the middle of the race. In the third study, tennis players wede test
using the reaction time probe technique during the return of a serve. Resultsdndicate
that attentional demand was greatest when the ball contacted the grounébpesthise

player returned the serve.



Additional studies of various sport-specific tasks have also been conducted. Ina
study of precision pistol-shooting as a function of skill level, Rose and Chri$888)(
found that reaction time results were distributed similarly across skellsle Results also
demonstrated that the level of attention directed toward the primary task ahghoot
increased linearly until the point immediately prior to the shot. Prezhuy aret Etni
(2001) asked experienced horseshoe pitchers to perform horseshoe throws under dual-
task conditions at two levels of task difficulty by manipulating the height oftétke.s
Results showed that reaction times were fastest during the backswintp gpherpitch,
suggesting that the least amount of attentional resources were focusegasition.
Results also indicated that reaction times were slower at all positiong tli difficult
task condition when compared with the easy task condition, suggesting grestisorat
demand during the difficult condition.

In a study of time course of attention and decision-making during a volleghall s
Sibley and Etnier (2004) had participants perform either a simple set in \alleyla
decision-based set in which they had to choose between either a front set or back set.
Results showed that overall attentional demand was increased when compared to the
simple condition, and reaction times were slowest at the beginning of thedbdlbfhid
fastest during the middle portions of the ball flight. There was also an inanease
attentional demand during the last portion of the ball flight while participaotegsed
proprioceptive information and made accuracy adjustments during contact. Haranot
study of sport-related attention, Price (2009) examined free throw shootingduradter

task conditions. Results showed significant differences between basetitheréae



and Probe Positions 1 and 2, which took place as the ball was being brought up to the
chest and just before the ball was released, respectively. These resuks thagdlee
pre-shot routine of a basketball free throw requires the greatest attedeorend,
followed by the upward motion of the ball just before release.

Although research on the time course of attention has not examined all sports, this
research suggests two broad attentional patterns for sport activities: tme $auation
in which the athlete is about to receive a moving object and one for the situationfhin whic
the athlete is about to propel a stationary object. In the first pattern, attedeorend is
increased when the object is about to be received because the athlete isngttempt
determine critical information such as its direction and velocity. This paitettention
may be seen in the results of Sibley and Etnier (2004) and the volleyball and tennis
studies of Castiello and Umilta (1988). In the second pattern, in which an athlmets a
to propel an object, attentional demand is greatest just before the object is propelled
because the athlete is attempting to process important sensory informatiedh ey
prior to performing the task, and he or she is making last-second adjustments| that wil
lead to a successful outcome. This pattern of attention may be seen in the rédogts of
and Christina (1990), Prezhuhy and Etnier (2001), and Price et al. (2009).
Purpose and Hypotheses

The purpose of this study was to use a dual-task paradigm to determine the time
course of attention during a task that required a participant to accuratpé} pr
stationary object using an implement. Specifically, the task to be examasea golf

putt which may exhibit different attentional requirements than have preyioesh



observed as a result of the need to control an implement to strike and propel a gtationar
object with great accuracy. The most similar task which has been studied ouprevi
research is a tennis serve (which differs because the object to be struckng aralithe
accuracy demands are not high). In this study, the effect of task complexity on
attentional demands was examined by asking participants to perform gslapio
different distances. Understanding the attentional demands of this typeoofskititand
examining potential differences as a function of task complexity extendsyse
psychology and motor control literature concerning attentional demands of kpstly,
the data collected for this study was divided into two tiers based on handicap and thre
tiers based on putting performance. Low-handicap golfers were compared-to high
handicap golfers, and good putters were compared to poor putters on patterns of
attentional demand to see if any differences exist. Ultimately the findiftdpis study
may help improve putting performance and training techniques by identifying theapoint
which attentional demand is greatest during a putt.

Based on previous research, the first hypothesis of this study was thatehe tim
course of attention is similar for both putts. Specifically, attentional désnare
expected to be the highest just before the putter impacts the golf balloindaunts will
be slowest during this probe position). Previous research indicates that tasikyliffic
may be defined as a function of the complexity of the task and the performer®pzpe
with the task (Wulf, 2007). In regards to this study, the longer putt was considered more
complex than the shorter putt because of the increased force required to propeltthe ball

the cup. As aresult, the second hypothesis of this study was that the overadhattent



demand of the longer putt is greater than that of the shorter putt. Also based upon Wulf’s
(2007) research, the third hypothesis of this study was that the attentionaldddema

observed differ as a function of the skill level of the performer



CHAPTERIII

REVIEW OF LITERATURE

William James (1890) defined attention as “The taking possession of mind in
clear and vivid form, of one out of what seem several simultaneously possible objects
trains of thought. Focalization, concentration, and consciousness are of its eisence.
implies withdrawal from some things in order to deal effectively with othéKp. 381-
382). This definition suggests that attentional capacity is limited and reqonmes@us
effort to focus on the desired object or task; in other words, a person must beeselecti
about where to allocate attentional resources.

There are three major models for describing attention. The structurat tfeor
attention suggests that information processing is limited by structuralrpesps the
system (Kahneman, 1973). Another name for the structural model of attention is the
bottleneck model, which suggests that a person’s motor response to sensory input is
constrained by a “bottleneck” in the various stages of attention. According tnadel,
people attend to things in three steps: sensory registration and storagatiupérce
analysis, and response selection. While we can register many things wsténeas at
once, information flows into the bottleneck in the stages of perceptual analysis and
response selection so that we can only analyze multiple stimuli or seleienult

responses in succession rather than simultaneously.



An example of a bottleneck model of attention is the filter model put forth by
Broadbent (1958), which suggests that information enters the senses and short-term
memory store and is subsequently passed through a selective filter thatheeeps
information processing system from becoming overloaded (Styles, 2006). Tiwo ma
types of filter models include early and late filter models. Eatigrfihodels suggest that
multiple streams of information can only be processed in parallel in the esyés if
stimulus identification such as sensory encoding and perceptual analysrsdSand
Lee, 2005). Once these streams of information reach the filter, only one stimaulus at
time is processed through it in a single channel. In contrast, a late fithey tife
attention suggests that the bottleneck comes later in stimulus identifieatichat
multiple streams of information can be processed in parallel right up to the respons
selection stage (Styles, 2006). Only the information that passes throughehenters
a single limited capacity channel, where it is passed on for further prugessl
eventually long-term memory. Information that does not pass through thesfitst.

Another model of attention is called multiple resource theory, which suggests that
there are several “pools” of attentional resources rather than a siegé! oesource.
Some examples of these pools include auditory attention, visual attention, and spatial
attention. Each of these pools has its own capacity and is designed for $peesiof
information processing. During information processing, this theory proposes tieat the
are a number of resources that may be required by a task and that multiplaltaskyg w

interfere with each other if they compete for the same resource (208). Thus,



tasks that are similar in nature will likely involve skills that requirelaimfiorms of
attention.

As discussed by Young and Stanton (2007), a good example of multiple resource
theory can be seen in a study conducted by Babel (1991), in which participants were
required to give verbal commands to a processing control system while alsanpegfar
secondary task. The secondary task varied by being either verbal or spatial inamature
results showed that participants were quicker if the secondary task wakraffaiathan
verbal. These results are consistent with multiple resource theory bdcsuggeists that
the verbal secondary task interfered more with the verbal primary task théwe djoktial
secondary task; presumably because the two verbal tasks were drawirtbdrsame
limited attentional resource pool. By drawing from the same pool, the tworsiasks
placed greater requirements on the system than did the two different tasks and
performance decreased as a result.

The final major theory of attention is the capacity model, proposed by Knowles
(1963). Unlike structural theories, this model assumes that there is a geneddl pool
processing resources, and this pool has a general limit with regards toatibor
capacity. Attention does not have to be directed toward one task at a time as in a
bottleneck model; instead, capacity theory states that attention may e Isbtaveen
tasks in degrees (Styles, 2006). Although capacity is limited, it can be diveedg fr
among several activities. Different mental activities require diffeamounts of
attention, and interference will occur between activities if attentiopaloty is

exceeded. When the supply of the limited capacity does not meet the demand,

10



performance will falter or fail entirely. While the structural modheltleneck model)
suggests that interference is specific and caused when tasks call for ¢h@eamanisms
of perception and response, the capacity model suggests that interference isiftonspe
and depends only on the demands of both tasks. Capacity theory also states that
interference occurs even when the total load on the system is below totalygapac
however, the amount of interference increases as load on the system increases.

The capacity model suggests that attention is selective, which means ttsatra pe
can intentionally control the allocation of attention. The amount of attention that is
allocated to a perceived object or event affects processing in severdKaayeman,
1973). Attended events are more likely to be perceived consciously and in detail, they
have a better chance of eliciting responses, and they are more likelytdodokeirs
permanent memory. This connection between attention and memory is an important one.
In order for information or events to be coded into long-term memory from short-term
memory and sensory processing stores, they must be attended to in some way. To
differentiate between conscious (controlled) and unconscious (automattijpattesome
researchers have divided attention into two domains: Domain A and Domain B (Styles,
2006). Domain A is high-capacity, unconscious, and requires no effort on the part of the
individual. Domain B is small-capacity, conscious, and must be actively contrglled b
the individual.

Capacity theory states that attention can be allocated between two itaisks w
great deal of freedom, but it also states that different tasks will demaekdtfamounts

of attention. Demand denotes that an activity cannot be performed without a certain

11



required allocation of attention. A task classified as “easy” will reditile attention
and leave adequate attentional resources for the secondary task. In conshst, a ta
classified as “difficult” will require greater attention and leasdr resources available
for the secondary task (Styles, 2006). To test the effects of task difficuitigentional
resources, Posner and Rossman (1965) asked participants to retain threerettenef
interval while simultaneously performing mental tasks of increasinguliffi. The
amount of retention decreased with increasing difficulty of the mental tagesting
that the task of highest difficulty led to the most capacity interferencttenmtian. In
order to test task difficulty and the amount of attention required for a giskentie dual-
task paradigm was developed.

Generally, there are two distinguishable modes of controlling information
processing that are relevant to expertise: “automatic” processing ancbfieatit
processing (Styles, 2006). Automatic processing takes place outside of conscious
awareness, it occurs rapidly, it is parallel in nature, and it is carried out ireudllynt
(Schmidt and Lee, 2005). In contrast, controlled processing is deliberaakirsadture,
and conscious, and it can only deal with a limited amount of information at a particular
time. Controlled processing requires attention whereas automatic proasssngot,
and it tends to be slow, particularly when there are numerous environmental cues and
possible responses (Abernathy et al., 2007). Since automatic processing is ingadtunta
is not interfered with by other tasks and it cannot be inhibited. Controlled procisssing
subject to interference from other tasks, but it can also be used flexibly acdording

person’s intentions. Although sports skills require both automatic and controlled

12



processing, physical skills become more automatic when they are @dacter time,
which means that they are carried out using increasing amounts of automaticahtrol
subsequently require less attention as expertise is achieved.

Skilled performance of a task generally requires two elements: strategnitive
planning and rapid, accurate motor response (Styles, 2006). While physical skilks ca
improved through practice and experience, attentional skills can also be improved by
training. Individuals who have become skilled (experts) through practice reggsre |
attention to perform both cognitive and motor aspects of a task than novices because
these aspects of task performance have become automatic in experts angktherefo
involve little demand on working memory. Research by Beilock et al. (2004) has
demonstrated, for example, that experts actually improve under speed conditiens whi
novices’ performance declines. It is hypothesized that this differencesdmcause
experts are using automatic processes that are rapid, while novicesgreomsiolled
processes that require more information processing time.

In research on the time course of attention or attentional demand, the dual-task
paradigm is often used. In the dual-task paradigm, participants are asked to pgdorm
tasks simultaneously: one task that has been classified as the primary task tasé one
that has been classified as the secondary task. Initially, participardspéne primary
and secondary tasks separately in order to assess performance on eathesectasks
before combining them. This step gives researchers a performance baselmedoec
with performance observed during the dual-task conditions. Then performance on the

secondary task is measured while both tasks are performed simultaneously to order
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determine the attentional demands of the primary task. Although the primacptagk
be almost anything that required attention, the secondary task typically in@olves
different form of sensory input to reduce interference between the two tasksctit,
Dubost, Aminian, Gonthier, & Kressig, 2005). For example, a primary and secondary
task that both involved auditory stimuli would lead to greater interference than having
one task that involved visual stimuli and one that involved auditory stimuli. In order to
help ensure that the tasks are not reprioritized, the secondary task is often much less
demanding than the primary task. For example, the secondary task may consist of
pressing a button or providing a verbal response to an auditory cue as in Sibley and Etnier
(2004). Performance on the secondary task may be assessed using the reaction tim
probe technique.

There are many different types of secondary tasks that may be usedtoanea
performance in the dual-task paradigm. However, the two main categoriesdaey
tasks are continuous tasks and discrete tasks (Abernathy et al., 2007). As the name
suggests, a continuous task places demands on attentional resources for the duration of
the primary task, whereas a discrete task may be used at specific points.npteexfaa
continuous task would be asking participants to perform mental arithmetic. While the
difficulty of a continuous task can be manipulated to provide an index of attentional load,
it is not very effective for identifying attentional changes during spediises of the
primary task. Discrete secondary tasks are better suited for preuisg ¢if attentional
demands, and one of the most commonly used discrete secondary tasks is the reaction

time probe technique.
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In the motor learning and sport psychology literature, the attentional demands of a
motor task have typically been measured using a form of the dual-task paraliiggin ca
the reaction time probe technique (Castiello & Umita, 1988). This technique assumes a
fixed, non-changing attentional capacity and researchers designatedhdary task as a
reaction time task and establish probe positions that take place over the colese of
primary task. Participants are then given a stimulus that requires someffogsponse
at each one of these probe positions, and the reaction time of this response is measured a
each position and compared with a baseline performance to assess differences in
attentional demand of the primary task. The rationale behind this technique is that the
primary task will require a certain portion of the participant’s attenticayaécity, and
this requirement will affect performance on the secondary task. Therdfarges in
performance (reaction time) on the secondary task indicate changes teiiorzl
demand of the primary task.

It is important to note that when using the reaction time probe technique,
performance on the primary task must be maintained when the secondary taskts prese
If performance falters on the primary task under dual-task conditions, it is jpabsibl
the participant has reprioritized the two tasks and thus confounded any conclusions that
might have been drawn (Young and Stanton, 2007). Such a scenario can be monitored in
a research design by including a measure of participants’ performance omritey pri
task. As in Price et al. (2009), a points system was used with basketball free throw
shooting in which participants received zero points for a complete miss, one point for

hitting the rim, and two points for making a basket. In order to ensure that free throw
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shooting remained the primary task in this study, participants were requiredhta@im
their level of performance based on the scoring system in both single-task arekkual-t
conditions. Decrements in performance of the primary task are more likelyvoideca
if the secondary task requires a different attentional resource than tlaeyprask. For
this reason, verbal response to an auditory tone is typically chosen as the setamhkdar
in studies involving motor skills. Under this condition, the reaction time probe is a useful
technique for determining the time course of attention for tasks in spargsett

In a series of studies by Castiello and Umilta (1988), the reaction time probe
technique was used to measure the time course of attention for several spatisgncl
volleyball, running, and tennis. In their first experiment, volleyball playeesved two
types of serves (a floating serve and a jump serve), and the reaction timeeckihimg
players was measured with three probe positions during the course of the senviltevhe
ball was about to be served, when the ball was above the net, and when the player was
about to receive the ball. Overall, results indicated that attentional demarteaser
for the floating serve than for the jump serve, and attentional demand was foghest
both serves as the player was about to receive the ball.

In a second experiment by Castiello and Umilta (1988), eight 100-meter sprinter
and eight 110-meter hurdlers were tested with the reaction time probgtechihere
were four probe positions throughout the race for sprinters while there wepdbe
positions throughout the race for hurdlers. For both events, the time course of attention

was similar with attentional demand being greater at the first and ¢dost positions of
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the race when compared to probe positions in the middle of the race. Overall attentiona
demand was also greater for the hurdlers than the sprinters.

In a third experiment by Castilello and Umilta (1988), eight tennis players w
tested with the reaction time probe technique during the return of a serve. E€here w
four probe positions that were tested including the initiation of the serve, when the ball
reached the net, when the ball contacted the ground, and when the player was about to
return the ball. Results indicated that all probe positions showed a significaaisiean
reaction time when compared to the control condition, which simply consisted of
participants’ response to the auditory cue alone. Results also indicatetiethiadrzal
demand was greatest during the probe position in which the ball contacted the ground.

Rose and Christina (1990) performed a study of the time course of attention
during precision pistol-shooting using a dual-task paradigm. Participants included
novice, sub-elite, and elite shooters, and they were asked to respond to an auditory tone
by pressing a button. The auditory tone was presented through headphones at six
different probe positions. Results indicated that probe reaction time resudts wer
distributed similarly across all skill levels. Results also demoesittaat the amount of
attention directed toward the primary task of shooting increased lineadlyhenpoint
immediately prior to the shot.

Under dual-task conditions, Prezhuy and Etnier (2001) asked experienced
horseshoe pitchers to perform horseshoe throws (the primary task) at two laasls of
difficulty by manipulating the height of the stake (the target). The sacpmask in this

study was to respond to an auditory tone presented at three probe positions that were
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designated during the throw. Probe position 1 was the initiation of the pitch, probe
position 2 was full extension of the backswing, and probe position 3 was the point just
prior to the release of the horseshoe. Catch trials, in which there was no aodiory t
were used randomly throughout the experimental procedure in order to prevent
anticipation effects. Results showed that reaction times were faspesba position 2,
suggesting that the least amount of attentional resources were focusegasition.
Results also indicated that reaction times were slower at all positiong tlei difficult
task condition when compared with the easy task condition. This finding suggests that
participants were using more attentional resources during the diffiskilctadition.

In a study of time course of attention and decision-making during a volleghall s
Sibley and Etnier (2004) had participants perform either a simple set in \alleyla
decision-based set in which they had to choose between either a front set or back set, a
they used the dual-task paradigm to measure participants’ reaction tinmgsttase two
conditions. Results showed that reaction times were slowest at the beginningaif the
flight, when participants were using visual resources to gather infameltiout the
speed and direction of the ball in order to intercept it. Reaction times werst fasting
the middle portions of the ball flight (indicating lowest attentional demand), arel ther
was an increase in reaction time and attentional demand during the last portiobalf the
flight while participants processed proprioceptive information and made agcurac
adjustments during contact. In the decision-making condition, overall atterdemahd

was increased when compared to the simple condition, and the addition of the decision-
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making requirements led to a small but significant decrease in settioghpence when
compared to the simple condition.

In Price et al. (2009), a series of free throws constituted the primary sk an
response to an auditory tone was the secondary task. Participants (n=30) responded
verbally to the tone, and their reaction time was measured at each of four proleapositi
that were distributed over the course of a free throw. Reaction time waseraand
each of these probe positions was compared with baseline reaction time. stesuéd
significant differences between baseline reaction time and Probe Po%iaods?, which
took place as the ball was being brought up to the chest and just before the ball was
released, respectively. These results suggest that the pre-shot routhaskéihall free
throw requires the greatest attentional demand, followed by the upward motiorbaflithe
just before release.

In 2002, Beilock et al. performed an experiment to assess the effects oflthe dua
task paradigm on experts in golf. In this study experienced golfersmpeda putting
task under both single-task and dual-task conditions. In the single-task condition,
participants were asked to say the word “stop” at the end of their putting strdtke;
dual-task condition, participants were asked to putt toward a target while responding to
auditory tones by saying the word “tone”. Results showed that experienced golfer
performed better in the dual-task condition than the single-task (termed tHealskd)
condition. Under single-task conditions, it was suggested that the expert golfers we
consciously processing specific steps of performance rather thaingllauwomatic

processes to take over and that their performance suffered as a resekeHamder
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dual-task conditions their performance on the putting task was suggested to beiautomat
due to the addition of another task and thus their performance was not negatively
affected.

Previous research on different sports suggests that the time course ajrattenti
should be measured for specific tasks. Although research on the time courseiohattent
has not examined all sports, this research suggests two broad attentional atigrod f
activities. The first pattern occurs when the athlete is about to receiveirgnobject.
Attentional demand is increased when the object is about to be received because the
athlete is attempting to determine critical information such as itstidineznd velocity.

This pattern of attention may be seen in the results of Sibley and Etnier (2004¢ and t
volleyball and tennis studies of Castiello and Umilta (1988). The second pattern occurs
when an athlete is about to propel an object, and attentional demand is greatest just before
the object is propelled because the athlete is attempting to process imporsany s

information immediately prior to performing the task. The athlete is alkehgkast-

second adjustments that will lead to a successful outcome. This pattern of atteytion m

be seen in studies such as Rose and Christina (1990), Prezhuhy and Etnier (2001), and

Price et al. (2009).
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CHAPTERII1I

METHODS

Participants

Participants consisted of 20 male golfers ranging in age from 20 to 71 years
(mean age of 35.85 with a standard deviation of 17.78 years). All participantsgiére ri
handed and the inclusion criteria required that participants have a moderangiatp
or better. Inclusion was based on self-reported golf handicap. Participantktaps
ranged from -17 to 2.4 strokedgl£-9.31;3D=5.83 strokes). Each participant also
reported their cumulative number of years playing golf. The range for yego# of
experience was from 9 to 581€21.75; SD=14.72 years). Additionally, 10 out of 20
participants had competitive golf experience at the high school level and,tbasef10,
three had competitive golf experience at the college level.
Design

This study utilized a 2 x 3 design with repeated measures on both factors. One
independent variable for this study was task complexity; this variableefimed as
either a putt of 12 feet (high difficulty) or 6 feet (low complexity). The second
independent variable of this study is probe position. Probe position consisted of three
levels for reaction time analyses: probe position 1 (PP1) at the initiation of the
backswing, probe position 2 (PP2) at the end of the backswing, and probe position 3

(PP3) just before the putter impacted the golf ball. These probe positions were
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determined by photocells that emitted a beam of light; when the beam of ligbroken
by the putter, the auditory stimulus (beep) was generated. For perferaradgses,
probe position consisted of these same three levels plus a fourth level for theialatch tr
The dependent variables of this study were participants’ performance on thg {astk
and their reaction time to the auditory tone.
Materials

A putting green was constructed out of plywood sections that measured 8 feet
wide, 16 feet long, and 4 inches high when combined. A regulation size golf cup (4.25
inches) was placed in the center of the platform and the surface was couargreemn
indoor/outdoor carpet. Two black dots were placed on the carpet to mark the distances of
6 feet and 12 feet. Participants used their own putter and were provided with &2 Titlei
Pro V1 golf balls. The auditory stimulus in this study consisted of a brief tone thaep
was generated by the computer software program Lab View 2010. Teesr¢hnee
software programs that were used in conjunction with each of the three prdmmposi
The appropriate program was chosen prior to each trial based on a sequence of randomly
generated numbers, and this sequence was the same for all participants. Tdre softw
program had to be manually started by the experimenter prior to each triedkrygcthe
“run” function within the program; this step was done once the participant addriessed t
golf ball. The tone was generated by computer speakers when the putter brakech bea
light emitted by one of two photocells near the putter. The first photocell wddars
PP1 (initiation of the backswing) and PP3 (prior to impact of the golf ball) wigle t

second photocell was used for PP2 (the end of the backswing). Due to the fact that the
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putter shaft is very thin, a 3 x 5 index card was taped to the shaft of the putter Be that t
photocells would work consistently. The index card provided a surface area that was
large enough to break the beam of light emitted by the photocell. An Olympus WS-400S
Digital Voice Recorder was used to record participants’ verbal respon$esaoditory
stimulus. An Olympus microphone was used in conjunction with the voice recorder and
was clipped to each participant’s shirt. The participant kept the voice recoeder
pocket while putting and the microphone cord was placed under the participant’s shirt s
that it would not interfere with the putting task. Finally, the audio software pnogra
Audacity 1.3 was used to analyze participants’ verbal responses and acaution teae
data.
Procedure

Participants performed in one study session lasting approximately one haur. Pri
to the start of each session, participants reviewed and signed an informetd conse
agreement that had been previously approved by the university’s Internal FB®aedv
and filled out a demographic questionnaire (see Appendix A). Upon completion of these
forms, the experimenter provided instructions to each participant with regaxtisit
they would be doing for the duration of the study, how many putts they would be hitting,
and how they should respond to the auditory tone. Participants were then asked to select
a piece of paper at random to determine whether they would perform the short putt or the
long putt first. With this procedure, eleven participants did the long putt first wimé
participants did the short putt first. If the participant chose the piece af lphpked

“short”, he would then perform the experiment in the following order: short baseline,
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long baseline, short experimental, and long experimental. If the participasttbleos
long putt first, he would perform the experiment as follows: long baseline, shelinbas
long experimental, and short experimental. Baseline performance wasshsthbh the
primary task (putting) by allowing participants to warm-up by hitting 6 pragutts that
were not scored followed by 6 putts that were scored. Putts were scored hyimgeas
the distance from the edge of the cup to the center of the golf ball to the neantest qua
inch after each trial. A putt that was made was counted as 0 inches. A puwitnhatf
of the putting surface was counted as a performance error and later réedlbyla
scoring it as two standard deviations from the individual's mean score. Theeaverag
score of these baseline trials served as a baseline performance scovera§je a/as
calculated for the short putt and the long putt separately. Baseline performahee on t
primary task was monitored because participants’ performance onrerptask
should not degrade when switching from single-task to dual-task conditions. listlaere
statistically significant difference in performance under sing$&-tind dual-task
conditions, this suggests that the participant reprioritized the tasks (Aberb@88). If
this occurs, it becomes difficult to determine whether changes in secorglary ta
performance are a result of the attentional demands of the primary &askmsequence
of the reprioritization.

After completion of these baseline putting trials from both 6 feet and 12 feet,
participants established a baseline performance on the secondary tagkrésgrbnse).
Participants performed 12 trials in which they verbally responded to aoudine by

saying the word “ball” as quickly as possible. The appropriate volume of thresewas
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selected based on the need for the participants to hear the tone while not beauy startl
This volume level was established during pilot testing and was not adjusted for the
duration of the study. For the duration of these trials, participants took their putting
stance and addressed the golf ball as if they were going to putt, and the exgeriment
generated the auditory tones by breaking the beam of light being enottethie

photocell from behind a partition so that participants would not be able to see movement
and potentially anticipate the auditory tone. The average reaction timesefthseline

trials served as a baseline reaction time score.

In the next stage of the study, participants performed under dual-task conditions,
in which they hit the same putts (the primary task) while monitoring the auditory tone
and responding verbally (the secondary task). Participants were instautdeds
primarily on putting and were told that the primary goal was to make as mang$putts
possible. Putting performance was monitored during the experimental trregsthoesi
same methods as in the baseline trials. Catch trials, in which there waditooya
stimulus during randomly-selected dual-task trials, were used to prevampaioty
effects as participants became accustomed to hearing the auditory tone. The
experimenter informed participants that such trials would be randomly includeck Si
there was no auditory tone during these trials, only putting performance data was
collected during catch trials.

Participants were asked to perform a total of 54 experimental triadatfar
collection at each distance (for a total of 108 experimental trials). Of tm@S4at each

location, 12 trials were presented relative to each of the three probe positions and 18
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catch trials were performed. This number of experimental trials wasrchased on
requirements for sufficient data collection and subjective feedback abhgueféiom

pilot subjects. The number of catch trials was chosen based on the recommendation by
Abernathy (1988) that at least 33% of the total experimental trials shoultcheras.

The order for the presentation of probe position trials and catch trials was chosga usi
random order generator; this presentation order was used for all participants dreboth t
short putt and the long putt (see Appendix B). The lack of a response to the auditory tone
or a response to a catch trial was recorded as a reaction time error on tlodeflztarc

sheet.

The golfers in this study were allowed to place the ball on the distance raadker
use a pre-shot routine prior to each putt. During this pre-shot routine, the photocells and
the software operating them were not active. Once the golfer placedtkish@inind the
golf ball, the equipment was then activated to generate the auditory tone. The fghotocel
were placed uniquely by the experimenter for each participant based on theedib&a
putter head was placed behind the golf ball and the length of the putting stroke. This
action had to be performed at both the beginning of the short experimental trials and the
long experimental trials because of changes in the length of the puttikg. skor
consistency in the administration of the auditory tone, the photocells were not moved for
the remainder of the trials once they were properly placed.

Performance on the putting task was measured by calculating the avstageedi

from the cup. A separate average was maintained for short and long putts. Since there
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were 12 golf balls, the experiment was performed in trial blocks of 12 putts, and
participants were given the option to take a break after each trial block.

Data Reduction

Data were collected in this study by recording participants’iceatitnes at the
three established probe positions and by recording performance on the putting task. The
auditory software Audacity 1.3 was employed to identify the moment when thergudit
tone began and verbal response to the tone began. As in Price et al. (2009), nection t
is defined for the purposes of this study as the time from the start of the atamli@ty
when the verbal response reaches an amplitude of 0.1 dB. The reaction times of all
participants were recorded in this way in order to ensure a standardizedentdasur
reaction time and limit the impact of subjective judgments regarding weesotind
recording indicated that the word “ball” was verbalized. Audio files from tieadli
voice recorder were loaded onto the computer and audio waveforms were then analyzed
in Audacity 1.3 to determine reaction time. The beginning of the auditory tone and the
beginning of the verbal response were identified by a visual and auditory s@acevity
on the waveform file. Within the Audacity software program, the envelope editihg t
was used to mark the point at which the waveform reached 0.1 decibels. By zooming in
on the waveform, reaction time was measured with a resolution of 0.0001 seconds. The
time at which the auditory stimulus began was then subtracted from the time fathehic
verbal response began in order to achieve a reaction time for each trial. Thgatoes
entered this information for baseline and experimental trials into a Miclesoé

spreadsheet and reaction time for each trial was calculated. Additiohalgpreadsheet
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column for trial number and probe position remained hidden during data reduction so that
the experimenter would not be aware of which probe position was being analyzed.
Data Analysis

In the dual-task paradigm, attentional demand cannot be accurately assessed
unless the primary task is given the most attentional weight. If particigegonteritize
the tasks, conclusions about attentional demand can no longer be drawn (Abernathy,
1988). To ensure that primary task performance was maintained from baseline to
experimental trials, a two-way repeated-measures analysisiafiega (ANOVA) with
task difficulty (2) and trial block (baseline, PP1, PP2, PP3, catch) as the independent
variables was performed to assess primary task performance. For thsssanal
performance (distance from the cup) was the dependent variable. For theepuipbss
comparison, the last 6 of the 12 baseline trials were used due to a leveling off of
performance around trial 6 or 7 (see Figure 1). If significant effectsial block or trial
block by task difficulty were observed, follow-up analyses were conductedify the
nature of these effects.

Performance error data was described relative to the various trial biatksasa
statistically examined using a task difficulty (2) by trial block (baselPP1, PP2, PP3,
catch) repeated measures ANOVA.

To examine the time course of attention, reaction time data was examined using
two-way ANOVA with repeated measures on both factors: task difficulty (2) and probe

position (3). For this analysis, reaction time was the dependent variable, and#ye ave
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reaction time was used since the auditory tone was sounded several timaspableac
position.

Reaction time error data were described relative to the probe positiongend w
statistically examined using a task difficulty (2) by probe position (PP1, X}, P
repeated measures ANOVA.

Additionally, participants were divided into handicap groups based on their golf
handicap. Lower- handicap golfers (those possessing a handicap of 9 or better, N = 9)
and higher-handicap golfers (those possessing a handicap of 10 or worse, N rell) we
compared. This division was chosen based on the average handicap (-9.31) and the fact
that this division provided each group with a similar number of participants. 8eree t
was a wide range of handicaps represented in this study, this analypierfeasied in
order to examine the time course of attention separately for the two groups.uil® ens
that putting was maintained as the primary task, a two-way repeatsiHas analysis of
variance (ANOVA) with task difficulty (2) and trial block (baseline, PP1, PP3, P
catch) as the independent variables was performed to assess primasrfiaskance. If
significant effects for trial block or trial block by task difficulty eesbserved, follow-up
analyses were conducted to clarify the nature of these effects.

Finally, using a tertiary split, the participants in this study were dividsedan
overall putting performance. Average performers were discarded froamgigsis
(N=6) and high performers (N=7) were then compared to low performers (Nhi5.
analysis was performed in order to determine if there were any difésr@mattentional

patterns (reaction time) for high performers and low performers. Toestigirputting
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was maintained as the primary task, a two-way repeated-measatgsis of variance
(ANOVA) with task difficulty (2) and trial block (baseline, PP1, PP2, PP3hias the
independent variables was performed to assess primary task performangafidaat
effects for trial block or trial block by task difficulty were observed, follggvanalyses
were conducted to clarify the nature of these effects. For all ANOVAsfisant
interactions were followed up with univariate ANOVAs and any significanh refiects

were followed up with dependent samples t-tests to further explore the results.
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CHAPTER IV

RESULTS

Inter-Observer Reliability

A secondary observer analyzed reaction time data for one participant imthe sa
manner as the principle investigator in order to establish reliability ohdeségurement.
A correlation showed that the reaction time measured between the two obsereers we
highly reliable (=0.92), suggesting that the standardization guidelines for measuring and
entering reaction time, and data that were entered could be reliably reggdjucther
observers.
Putting Perfor mance

Putting performance as a function of trial block and task difficulty is dieplay
Figure 2 and descriptive data is presented in Table 3. A 2 x 5 repeated-measures
ANOVA for putting performance indicated that there was a main effegeidormance
based on task difficultys (1,19) = 15.525p < .05,n% = .45, such that performance was
better on the short puttd= 3.66,SD = 8.02) than the long putii(= 5.62,SD = 9.05).
Based on this analysis, there was also a main effect for probe pdsi{fd,7) = 6.044p
<.05,n° = .516. Finally, there was a trend for a distance by probe position inter&ction,
(3,17) = 2.716p = .077,n* = .324. Given the importance of ensuring that performance

of the dual task does not affect putting performance, that the main effect for probe
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position was significant, and that the interaction was nearly significarfiefuahalyses
were conducted for each distance to further examine this effect.

For the short putt, a dependent samples t-test showed that there were no
significant differences when comparing baseline performance to exqgain
performancet (19) = -.205p > .05, two-tailed. Additionally, repeated-measures
analysis showed that there was no significant difference between puttiogarte
when comparing performance across probe positions during the experimalstdt tr
(3,16) = .476p > .05,n° = .082. These findings suggest that participants were able to
keep the short putt as the primary task and maintain putting performance undesklual-ta
conditions.

For the long putt, a paired samples t-test showed that there were no significant
differences when comparing baseline performance to experimental panfoetn(19) =
297, p>.05. However, repeated-measures analysis showed that there was a
significant difference between putting performance as a function of prolimpdsi
(3,16) =5.658p < .05,112 = .515. This finding suggests that participants reprioritized the
primary and secondary tasks because performance changed across praives pdahie
3 shows the mean and standard deviation for each condition. Paired-samplesft-tests
performance on the long putt further revealed that significant differempesformance
could be found between the following probe positions: PP 1 andtRP9Q,= 2.835p <
.05, PP 1 and PP 8(19) = 4.016p < .05, and PP 1 and catch tridl§19) = 4.156, p <

.05 . Performance at PP1 was significantly worse than performance abéithenther
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probe positions or during the catch trials. Twelve out of twenty participants exxqeui
a performance decrement at PP 1 when compared with other probe positions.
PerformanceErrors

A performance error was defined for the purposes of this study as anygbutt t
went off of the putting surface. Performance errors were not counted duritigegprac
trials. After practice trials were completed, the number of short bageifamance
errors ranged from 0-2. However, 18 out of 20 participants had O performance errors for
short baseline trials. The number of long baseline performance errgesifaom 0-1.
However, 16 out of 20 participants had O performance errors for long baseline trials.

For experimental trials, a 2 x 5 repeated-measures ANOVA indicatieithéna
was a main effect for putting errors based on distdn¢g,19) = 14.615p <.05,1° =
435, indicating that significantly more performance errors occurred dinenigng putt
(M =.260,9D = .495) when compared to the short pitt<£ .06,SD = .232). Based on
this analysis, there was also a main effect for putting errors by tridd, bidd,16) =
3.485,p < .05,1° = .466, such that significantly more performance errors occurred during
PP 1 trials than during other trial blocks. Finally, there was a signtfinteraction for
distance by trial blocks (4,16) = 3.137p < .05,n% = .440. Figure 2 shows that, overall,
more performance errors occurred during the long putt but these errors weaséalcat
PP 1.
Reaction Time

Reaction time as a function of trial block and task difficulty is displayedgar€i

3 and means and standard deviation are presented in Table 4. A 2 x 3 repeated-measures
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ANOVA for reaction time indicated that there was a main effect farti@atime based
on distanceF (1,19) = 12.194p < .05,n° = .405. Overall reaction time was significantly
higher for the long putt conditioMA = .423,3D = .130) when compared with the short
putt condition 1 = .392,9D = .110). There was no main effect for probe positto(E,
18) = .530p > .05,n° = .056. Finally, there was no interaction for distance and probe
position,F (2, 18) = 2.079 > .05,n° = .188.
Reaction TimeErrors

A reaction time error was defined as a response to a catch trial or no regponse
an experimental tone. Reaction time errors at PP 1 ranged from 0-3, and 12 out of 20
participants had no reaction time errors at PP 1. Reaction time error2 aairged from
0-2 and 15 out of 20 participants had no reaction time errors at PP 2. Reaction time
errors at PP 3 ranged from 0-1 and 14 out of 20 participants had no reaction timaterrors
PP 3. Reaction time errors on catch trials ranged from 0-1 and 19 out of 20 participants
had no reaction time errors on catch trials.

For experimental trials, a 2 x 4 repeated-measures ANOVA indicatieithéna
was no main effect for putting errors based on distdn¢g,19) = .856p > .05,1° =
.043. Based on this analysis, the main effect for putting errors by probe paston
non-significantF (3,17) = 3.021p > .05,n” = .348. Finally, there was no interaction for
distance by probe positioR,(3,17) = .028p > .05,n> = .005.
Between-Subjects Factor: Handicap

For the high-handicap group, a 2 x 5 repeated-measures ANOVA showed that

there were significant differences in putting performance by taskuliffi F (1,10) =

34



17.902p < .05,112 =.642. Performance was better for the short pitt 3.93,3D =

4.07) than for the long puti(= 6.56,SD = 3.24). There were also significant

differences in putting performance by probe posittof4,7) = 4.403p < .05,112 =.716.
Dependent samples t-tests indicated that there were no significargrasierin

performance on the short putt when comparing probe positions, but there were significa
differences in performance on the long putt when comparing probe positions.
Performance was significantlif10) = 2.375, p < .05, better for PPN € 6.96,5D =

2.87) than PP 1M = 9.05,3D = 3.23)., and performance was significantly, t(10) =

3.108, p < .05, better for PP 8 € 6.96,SD = 2.87) than PP 1. Additionally,

performance was significantly, t(10) = 3.604, p < .05, better for catch tatsy.26,SD

= 2.87) when compared with PP 1, and performance was significantly, t(10) = 2.678, p <
.05, better for catch trials when compared with PP 2. There was no significaattinter
between task difficulty and probe positiéh(4,7) = .866p > .05, = .331.

For the low-handicap group, a 2 x 5 repeated-measures ANOVA showed that
there were no significant differences in putting performance by taskutlyfi€ (1,8) =
2.098,p > .05,n? = .208. There were also no significant differences in putting
performance by probe positiof,(3,6) = 1.722p > .05,n° = .579. There was no
significant interaction between task difficulty and probe posifiof,5) = 2.465p >
.05,1% = .663.

Since there were no significant differences in putting performance fanthe |
handicap group, an additional two-way ANOVA was performed to examine redoi®n t

for this group. Results indicated that there was a significant differeneadtian time
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by task difficulty,F (1,8) = 7.806p < .05,n2 =.494, such that reaction times were higher
for the long putt condition =.431, SD = .089) than the short putt conditiod & .397,

D =.076). However, there were no significant differences in reaction time by probe
position,F (2,7) = 1.474p > .05,1% = .296, nor was there a significant interaction
between task difficulty and probe positién(2,7) = 2.114p > .05n* = .377.
Between-Subjects Factor: Performance L evel

For the high-performance group, a 2 x 5 repeated-measures ANOVA showed that
there were significant differences in putting performance by taskuliffi F (1,6) =
56.786,p < .05,1° = .904. Performance was better for the short pditt (L.00,SD =
1.33) than for the long putt= 3.67,3D = 2.28). However, there were no significant
differences in putting performance by probe positf(8,4) = 2.087p > .05,1° = .736.
There was no significant interaction between task difficulty and probe pos$it{@y) =
1.620,p > .05,1° = .684.

For the low-performance group, a 2 x 5 repeated-measures ANOVA showed that
there were no significant differences in putting performance by taskudiiffi F (1,6) =
2.478,p > .05,n? = .292. However, there were significant differences in putting
performance by probe positiof,(3,4) = 634.984p < .05,1° = .999. Dependent samples
t-tests indicated that there were no significant differences in perfoentemthe short
putt when comparing probe positions, but there were significant differences in
performance on the long putt when comparing probe positions. Performance was
significantly,t(6) = 3.906, p < .05, better for PPM € 7.65,3D = 3.16) than PP 1M =

11.87,9D = 1.70) and performance was significantly, t(6) = 3.109, p < .05, better at PP 3
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(M =8.00,9D = 2.52) than PP 1. Performance was also significantly, t(6) = 5.164, p <

.05, better on catch trial(= 6.06,3D = 2.73) than PP 1. There was no significant

interaction between task difficulty and probe positiei3,4) = 1.140p > .05,n° = .603.
Since there were no significant differences in putting performance forghe hi

performance group as a function of probe position, an additional two-way ANOVA was

performed to examine reaction time for this group. Results indicated that teee w

significant difference in reaction time by task difficulfy(1,6) = 13.229p < .05,112 =

.688, such that reaction times were higher for the long putt condiien434, D =

.111) than the short putt conditioM(=.396 SD =.094). However, there were no

significant differences in reaction time by probe positi2,5) = 3.809p > .05,n% =

.604, nor was there a significant interaction between task difficulty and probepdsiti

(2,5) = 4.702p > .05,n = .653.
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CHAPTER YV

DISCUSSION

The capacity theory of attention suggests that an individual has a fixed, limited
pool of attentional resources that may be allocated freely between miadtgse If an
individual attempts multiple tasks or a difficult task, more attentional researe
required than when one task or a simple task is attempted. Consequently, since this pool
of resources is limited, performance will suffer if the maximum c#patiattentional
resources is exceeded. When the dual-task paradigm is used to assess attentional
resources, a participant is asked to perform a primary task while perforneisgt a |
demanding secondary task that acts as the mechanism through which attentional demand
is assessed on the primary task. When using the dual-task paradigm, it isntrfporta
the participant to maintain primary task performance from baseline to equeal
conditions so that attention may accurately be assessed. If theppattg&performance
level changes from baseline to experimental conditions or across probe posit®ns, it i
possible that the participant has reprioritized the tasks and attention may ndoenge
accurately assessed.

Putting Performance

Overall, there were no statistically significant differences betweerage

baseline (single-task) putting performance and average experintrabtgsk) putting

performance (See Figure 4). However, while participants were ablaindam
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performance across probe positions for the short putt, they were unable to do so for the
long putt.

Participants displayed a trend on both the short putt and the long putt to perform
better (i.e., reduce average distance to the cup) as the reaction time poolvestddater
in the putting stroke. While this trend was non-significant for the short putt, diferenc
in performance across probe positions were significant for the long putt. In addition,
there were significantly more performance errors on the long putt whepacedwith
the short putt, and performance errors occurred most often at PP 1 (See Figure 5). As a
result of these findings, attentional demand cannot be accurately assesseddng
putt because it is likely that participants either reprioritized the pyiarad secondary
task or found the long putt to be too difficult to maintain a consistent level of
performance while also attempting to respond to the reaction time probe.

Although the fact that performance was impacted by probe positions limits our
ability to interpret the reaction time data as an indicator of the aahtiemands of the
task, the performance data and error data as a function of probe position may provide
insights into the requirements for execution of the putting task. In partihéarend
for performance to improve as probe position becomes increasingly lateyslilesto
the distracting nature of the auditory tone to a golfer. Since golf shotparaltytaken
during silence for the purpose of concentration, an auditory tone may disrupt a golfer's
performance, regardless of skill level. However, late probe positions gigelteeless
time to be distracted by the beep and, therefore, seem to result in lessHaualges in

the putting stroke. Additionally, the individual relies on sensory feedback to adjust the
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putting stroke during early probe positions, while motor commands and subsequent
adjustments have largely been executed during late probe positions. Therefore, a
auditory tone administered during early probe positions may disrupt the putting stroke
In the current study, the performance of experienced golfers undetextsisiy
condition that was not skill-focused was compared with performance under a #ual-tas
condition. Previous research has shown that expert putters tend to perform better under
dual-task conditions rather than a skill-focused single-task condition arfththizeen
attributed to the emergence of more automatic modes of processing undasslual-t
conditions (Beilock et al., 2002). Although the single-task condition of the present study
was not designed to have patrticipants be skill-focused as in the Beilock et al. (2002)
study, the dual-task condition of this study was very similar to the dual-taskicondit
the aforementioned study. In Beilock et al., participants listened to auditosydonde
responded by saying “tone” as quickly as possible; however, these responses were not
recorded and the tones were intended to be a distraction. The results of the Bailock e
study indicated that participants improved significantly from a skill-fatusadition to
a dual-task condition. However, in the present study there were no significargraiéfer
in performance when comparing single-task and dual-task conditions. Thetbéor
finding of the present study suggests that a performance decrementlthbe created
by using a skill-focused condition) is necessary to produce significantediéfes in
performance when comparing single-task conditions to dual-task conditions.
As stated previously, it is suggested in Beilock et al. (2002) that the dual-task

condition produces an improvement in putting performance because it enhances the
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participant’s use of automatic processing. However, the results of the mesbnt
suggest that the auditory tone used in the dual-task paradigm may hurt or help
performance as a function of timing. Results indicate that performaRée h
(Initiation) is significantly worse than performance at other probe positidhs
statement is not only true when PP 1 is compared with PP 2 and PP 3, but also when PP 1
is compared with catch trials that featured no auditory tone. Additionallg mor
performance errors and reaction time errors occurred at PP1 than atemngrobe
position. This finding suggests that an auditory tone at the beginning of the putting
stroke can actually hinder performance. Therefore, the amount of improvenreimt see
an experienced putter under dual-task conditions may be a result of the position of the
putting stroke during the administration of the auditory tone.
Reaction Time

When compared with baseline reaction time, the increase in reaction time that
occurs during probe positions suggests that the putting task selected for this study i
attentionally demanding. In support of the original hypothesis of this studg wasra
main effect for difficulty level when comparing the long putt (difficult dition) with
the short putt (easy condition). Reaction time was significantly higher foorigeplitt
when compared with the short putt, suggesting that the long putt required greater
attentional resources than the short putt (see Figure 6). This greaterailota
attentional resources was likely due to the increased task complexity of tee portig
Since both the short putt and the long putt were on the same putting surface and had a

similar line and break, the increased length of long putt made it moracaatteiyt
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demanding and more difficult to execute. This finding is interesting because the
mechanics of the putting stroke remain identical from the short putt to the long pultt,
while only one parameter - the force applied to the golf ball - changes.

According to the dual-task paradigm, the time course of attention during a given
task should indicate where attentional demands are the highest and lowest for various
stages of a task. As previously stated, performance differences at @aelppsition of
the long putt prevent an accurate assessment of the time course of attenhimtésks
however, attentional demand may be accurately assessed for the short puttabt tint
the expectation that reaction time should be greatest at PP 3 (Pre-contaetuliseof
this study indicate that there are no significant differences in reactieratisach probe
position during the short putt, suggesting that the golf putting stroke for aeblati
simple putt requires similar levels of attention throughout the task. Whitdoe times
for the short putt demonstrated an increasing trend from PP 1 to PP 3, theseadiffere
were non-significant. Based on the dual-task paradigm, the lack of signifitfargmtes
in reaction times at these probe positions is due to a consistent attentional detiand tha
maintained throughout the putting stroke. This consistency in attentional demand may be
influenced by the short range of movement in the putting stroke, especially for short
putts. A movement with a larger range of motion, such as the full golf swing, might
demonstrate larger differences in attentional demand than those present in tite curre

study.
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Between-Subjects Factor: Handicap

Since there was a wide range of handicaps for the present study, a binargsplit
performed at the average handicap of -9.3 to form two groups, including low-handicap
participants and high-handicap participants. Results demonstrated thatheilgh-
handicap group (less-skilled golfers) showed significant differences ingutt
performance based on both task difficulty and probe position, the low-handicap group
(more-skilled golfers) showed no such significant differences (Seedsiq@ and 8).
Both groups performed similarly on the short putt, but the low-handicap golfers
performed better on the long putt than the high-handicap golfers. This suggesis that t
6-foot putt is not difficult enough to produce a difference in performance based on
handicap while the 12-foot putt is difficult enough to produce such a difference.
Additionally, in the high-handicap group, there were significant differefuces
performance by probe position while there were no such significant difesr@mc
performance in the low-handicap group. Since the high-handicap group denednstrat
changes in performance across probe positions, no assertions about attentiomal dema
can be made. These findings suggest that the high-handicap group may have found the
putts selected for this study to be too difficult to maintain primary task penficenahile
the low-handicap group was skilled enough to maintain primary task performance.

Since there were no significant differences in performance as a functaskof
difficulty, probe position, or their interaction for the low-handicap group, reactien t
data was examined for this group. Results indicated that there was aagnific

difference in reaction time as a function of task difficulty, with the long pqtiiring

43



greater attentional demand. Results also indicated that there were noasgnif
differences in reaction time for probe position or for probe position by task diffioult
the low-handicap group, indicating that both putts had similar levels of attentional
demand throughout the putting stroke (See Figure 11).
Between-Subjects Factor: Performance L evel

Since there was a wide range of performance levels in this studyaayteiit
was performed to separate low performers and high performers. Inteernaslfmrmers
(N = 6) were excluded from this analysis. Low performers showed no significant
differences in performance as a function of distance but did demonstratieangni
differences in performance as a function of probe position. In contrast, high pggorm
showed significant differences in performance as a function of distancesitbiléeng no
significant differences in performance as a function of probe position (§ee$9 and
10). Since there were differences in performance by trial block in thpdofermance
group, no additional conclusions about attentional demand may be drawn. However,
since there were no differences in performance by trial block in the hrfgripance
group, conclusions about attentional demand may be drawn. The high-performance
group showed a slower reaction time for the long putt, indicating that this putt was mor
attentionally demanding, but there were no differences in reaction time bypusitien,
indicating that attentional demand remains steady in this group throughout the putting
stroke. These findings relative to the high-performance group mirror thdse lofv
handicap group. Finally, it is interesting to note that low performers cemniyst

displayed reaction times that were faster than high performerspablé positions for
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both putts (see Figure 12). In conjunction with the performance differences abieerve
this group, this may suggest that the low performers reprioritized the tasksiéntbopa
attention to the RT task than to the putting task.
Conclusions

While this study used past literature concerning investigations of attdntiona
demand during sport-specific movements using the dual-task paradigm to formulate a
sound study, the present study still has weaknesses. Although this study used photocell
to detect the movement of the putter and administer the auditory tones at the same probe
position each time, the photocells were also not sensitive enough to detect the narrow
shaft of the putter. To compensate for this problem, an index card had to be attached to
the putter shaft of each participant. During baseline trials, each partieipa given a
chance to warm-up and perform under single-task conditions with the index card
attached. However, the potential impact of the index card on the puttingieretself
may impact the generalizability of the results of this study. The dcaloglidity of this
study is also challenged because participants were performing ihsidentrolled
environment of a lab and were putting on a carpeted platform that was created
specifically for the purposes of this study. Thus, results may not geea@lputting
outdoors.

As stated previously, this study examined a sport-specific movement that
involved striking a stationary object with an implement. The unique results involving the
time course of attention that were found in this study may be a direct resét of t

methods employed to execute this movement. Future studies should involve additional
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sport-specific movements that are similar to a golf putt such as a hockey(stra field
hockey strike), a croquet strike, or a full golf swing. Studies such asviloedd
determine whether the golf putting stroke has a unique pattern of attentiorzaddiem
all movements that involve striking a stationary object for accuracy disgiayilar
pattern. Additionally, future studies should examine differences in task diffiouttrder
to ascertain the distance at which a putt becomes too difficult to maintain steonsi
level of primary task performance. As described in this study, a 6-foot psithot
sufficiently difficult enough to disrupt primary task performance while b2 putt was
difficult enough to disrupt primary task performance. There may be a defidistzance
in between this range at which primary task performance suffers. A siciaas this
one may determine the distance at which a golfer perceives a putt to Isterulysi
makeable versus inconsistently makeable. Future studies involving golf and ltheesslua
paradigm should investigate whether or not it is detrimental to use a response to an
auditory tone as the secondary task. Since golf shots are taken during silleece
secondary tasks that are visual or somatosensory in nature may be moneegffecti
employed than an auditory task. Finally, since both the low-handicap group and the high-
performance group were able to maintain primary task performance poobss
positions, future studies should select golfers of a lower handicap (i.e., less tham10) tha
those used in the current study.

This study is unique when compared with past literature involving the dual-task
paradigm not only because it examines the time course of attention duringhg putti

stroke but also because it demonstrated a consistent level of attentional demand
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throughout the short putt. Sport-specific studies in past literature have deneoinstra

declines and peaks in attentional demand throughout a movement. However, the results

of this study suggest that the putting stroke is unique because attentional demamsl rema

consistent throughout the motion when participants are performing a relaasslyutt.

The results of this study also indicate that experienced golfers, as a geoupahble to

maintain primary task performance on a putt of 12 feet due to an increase in task

difficulty. A primary reason for this finding may be that the administratiom afualitory

tone during the initiation of the putting stroke dramatically impacts argobility to

successfully execute the task. The results of this study also supportegpasitrit that

suggests that a task that is high in difficulty will result in higher rea¢imes and

greater attentional demand when compared with a task that is low in taskgifficul
Furthermore, low-handicap golfers were able to maintain consistent levels of

performance under dual-task conditions when compared with high-handicap.golfers

Similarly, those golfers who performed in the top third on the putting task \geralae

to maintain their performance while executing the reaction time task. Whamreng

the attentional demands of the more difficult (longer) putt, both the low-handicapsgolfe

and the better performers maintained a consistent level of attentional démoagthout

the putting stroke, thus, supporting the contention that for putts that are viewed as “make-

able”, attentional demand does not change across probe positions. However, for tasks

that are viewed as more difficult (i.e., the long putt for the high handicapperseand t

poorer performers), the attentional demands of a putt can become high enough that they
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are not able to perform the reaction time task without compromising theiy &bilit

perform the putting task.
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APPENDIX A

TABLES

Table 1. An Explanation of Probe Positions.

(@)

r

Probe Number Probe Name Probe Description
1 Initiation The start of the backswing
2 Mid-Stroke The peak of the backswin
3 Pre-Contact The point immediately pri
to contact with the golf bal
4 Catch No tone is sounded — use

to minimize anticipatory
effects

2d
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Table 2. Participant Demographics.

Total Competitive
Participant Experience Experience
Number | Gender Age Handedness (Years) Handicap (Years)
1 Male 20 Right 12 -9 None
2 Male 28 Right 13 -12 None
3 Male 31 Right 16 -10 None
4 Male 24 Right 16 -15 High School - 5
5 Male 25 Right 12 -15 None
6 Male 23 Right 14 -17 None
High School - 4,
7 Male 20 Right 15 2.4 College - 2
8 Male 23 Right 10 -16 High School - B
9 Male 24 Right 10 -16 None
10 Male 24 Right 13 -11 High School - 4
High School - 5,
11 Male 25 Right 22 0 College - 2
12 Male 21 Right 9 -6 None
13 Male 62 Right 50 -5.5 High School - 3
14 Male 55 Right 30 -11 None
15 Male 71 Right 15 -15 None
16 Male 68 Right 56 -10 High School - 3
17 Male 50 Right 43 -4 High School - B
18 Male 58 Right 37 -8 None
High School - 4,
19 Male 42 Right 35 1 College - 4
20 Male 23 Right 7 -9 High School - B
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Table 3. A Comparison of Performance for Each Condition.

N

Condition Mean Standard Deviatic
Short Baseline 3.5185 3.5984
Short Overall 3.6398 7.9889
Long Baseline 5.9302 4.6196
Long Overall 5.4877 9.0859
PP 1 Overall 5.8316 10.0707
PP 2 Overall 4.6357 9.1588
PP 3 Overall 4.1588 7.5051
Catch Overall 3.9399 7.7228

Short PP 1 4.0719 8.7050

Short PP 2 3.7897 8.6742

Short PP 3 3.3156 7.2020

Short Catch 3.4681 7.5175

Long PP 1 7.5912 11.0122

Long PP 2 5.4816 9.5624

Long PP 3 5.0020 7.7208

Long Catch 4.4117 7.9051

Note: Short = Short Putts; Long = Long Putts; PP = Probe Position; Catcthtridsc
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Table 4. A Comparison of Reaction Times for Each Condition.

Condition Minimum| Maximunl Mean Standard Deviation
Baseline 0.1981 0.6038 0.3185 0.0604
Short Putt Overall 0.1721 1.2665 0.3914 0.1122
Long Putt Overall 0.1759 1.2011 0.4238 0.1333
PP 1 Overall 0.1721 1.2011 0.4028 0.1367
PP 2 Overall 0.1762 0.9650 0.4034 0.1070
PP 3 Overall 0.2095 1.2665 0.416b 0.1271
Short PP 1 0.1721 1.2002 0.3832 0.1162
Short PP 2 0.1762 0.7996 0.3937 0.1003
Short PP 3 0.2108 1.2665 0.3973 0.1194
Long PP 1 0.1759 1.2011 0.4224 0.1523
Long PP 2 0.1783 0.9650 0.4131L 0.1126
Long PP 3 0.2095 1.1639 0.4359 0.1318

Note: Short = Short Putts; Long = Long Putts; PP = Probe Position; Catcthredsc
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Table 5. A Comparison of Performance and Reaction Times by Handicap.

High
Handicap

Low
Handicap

Performance Reaction Time
Probe

Position Mean SD Mean SD

Short PP 1 4.53 4.72 0.38 0.088
Short PP 2 4.62 4.11 0.39 0.08
Short PP 3 3.42 3.82 0.39 0.04
Short Catch 3.42 3.63

Long PP 1 9.05 3.23 0.42 0.13
Long PP 2 6.96 2.87 0.41 0.1
Long PP 3 5.98 2.98 0.41 0.0%
Long Catch 5.26 2.29

Short PP 1 3.51 3.1 0.39 0.09
Short PP 2 2.78 2.76 0.4 0.07
Short PP 3 3.19 3.55 0.4 0.06
Short Catch 3.63 2.51

Long PP 1 5.8 3.92 0.42 0.09
Long PP 2 3.67 2.76) 0.41 0.08
Long PP 3 3.82 2.48 0.46 0.09
Long Catch 3.37 2.7

Note: Short = Short Putts; Long = Long Putts; PP = Probe Position; Catcth+ridsc
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Table 6. A Comparison of Performance and Reaction Times by Performarate Le

High

Performers

Low

Performers

Performance Reaction Time
Probe

Position Mean SD Mean SD

Short PP 1 1.18 1.49 0.38 011
Short PP 2 0.53 1.09 0.42 0.10
Short PP 3 0.48 0.71 0.39 0.07
Short Catch 1.02 0.90
Long PP 1 4.48 2.89 0.41 0.12
Long PP 2 3.05 2.19 0.43 0.13
Long PP 3 2.74 0.68 0.45 0.09
Long Catch 2.85 1.46

Short PP 1 7.85 3.55 0.36 0,05
Short PP 2 6.67 3.63 0.37 0.04
Short PP 3 6.22 3.82 0.39 0.03
Short Catch 6.18 3.04

Long PP 1 11.87 1.70 0.36 0.05
Long PP 2 7.65 3.17 0.37 0.06
Long PP 3 8.00 2.52 0.41 0.08
Long Catch 6.06 2.73

Note: Short = Short Putts; Long = Long Putts; PP = Probe Position; Catcthredsc
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APPENDIX B

FIGURES

Figure 1. Mean Baseline Performance on the Long Putt by Trial.
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Figure 2. Mean Performance by Trial Block.
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Figure 3. Mean Reaction Time by Probe Position.
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Figure 4. Mean Performance by Condition.
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Figure 5. Performance Errors by Trial Block and Task Difficulty.
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Figure 6. Mean Reaction Time by Condition.
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Figure 7. Average Performance on the Long Putt by Handicap Level.
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Figure 8. Average Performance on the Short Putt by Handicap Level.
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Figure 9. Average Performance on the Long Putt by Performance Level.
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Figure 10. Average Performance on the Short Putt by Performance Level.
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Figure 11. Reaction Times across Probe Positions by Handicap Level
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Figure 12. Reaction Times across Probe Positions by Performance Level.
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APPENDIX C

DEMOGRAPHIC QUESTIONNAIRE

D
1. Gender

2. Age

3. What is your current occupation?

4. Do you play golf right-handed or left-handed?

5. Did you play golf competitively in high school? ___If so, how many years?

6. How many total years have you been playing golf?

7. What is your handicap? (Estimate and mark with an * if you are uncertain.)

8. When was the last time you played a full round of golf?

9. What was your score?

10.What is the style (e.g., two ball, blade, belly) and brand of your putter?

11.How long have you had this putter?

12.Do you have any previously diagnosed hearing problems? Y /N

a. If yes, is your hearing corrected to normal with a hearing aid devicé®? Y /
13.What is your current level of fatigue? (1 = none at all, 5 = very tired)

1 2 3 4 5

14.When did you eat last?

15. Are you currently taking any prescription medications? If yesepleas

describe:
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RANDOMLY GENERATED LIST FOR PUTTS

APPENDIX D

Randomly Generated List for Putts Probe Position
1.4 Catch
2.3 3
3.4 Catch
4.1 1
5.4 Catch
6.1 1
7.1 1
8.2 2
9.3 3
10. 3 3
11. 1 1
12. 3 3
13.4 Catch
14. 3 3
15.1 1
16. 4 Catch
17.1 1
18.2 2
19.1 1
20. 4 Catch
21.3 3
22.3 3
23. 4 Catch
24. 2 2
25.1 1
26.3 3
27. 4 Catch
28.2 2
29.3 3
30.1 1
31. 4 Catch
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32.2 2
33.3 3
34. 4 Catch
35.2 2
36. 4 Catch
37.2 2
38. 4 Catch
39.1 1
40. 4 Catch
41. 2 2
42. 2 2
43. 4 Catch
44, 1 1
45, 2 2
46. 2 2
47. 3 3
48. 4 Catch
49. 4 Catch
50. 2 2
51.4

52.3 3
53.1 1
54. 4 Catch
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APPENDIX E
SCRIPT

Baseline Putting Trials:

"Today, you will be putting from two different distances on this platform. You will
perform a series of putts from 6 feet, which is located at this black dot, and You wil
perform a series of putts from 12 feet, which is located at this black dot. youaid
perform your normal routine as if you were putting during a round of golf. Take y
time and try to make them all. Do you have any questions before we begin?"

Baseline Reaction Time Trials:

"Now, | would like for you to take your normal putting stance and address the d@gbal
if you were going to putt. Remain in this stance but do not actually putt. | amtgoing
generate a series of tones from the speakers on this computer, and | wouldyldcettor
say the word 'ball' as quickly as you can in response to the tones. Do youyave an
guestions before we begin?"

Dual-Task Trials:

"Now, you will be putting at the same time that you are responding to the tonefi&rom t
computer. At various points during your putting stroke, you will hear a tone. | want you
to continue putting while also responding by saying the word 'ball'. On somseyaal

will not hear a tone. On these trials, simply continue putting as your normally wonld. O
trials that feature a tone, respond as quickly as you can by sayingPeafbrm your

normal routine, take your time, and try to make them all. Since you will be perfprmi
two tasks at once, | want you to focus on putting. Your primary objective is to make as
many putts as possible. Do you have any questions before we begin?"
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