1

Accepted refereed manuscript of: Carey LM, Stone JA, Hunter AM & Donaldson DI (2021) A Bayesian approach to exploring expertise and
putting success in adolescent and young adult golfers. Psychology of Sport and Exercise, 57, Art. No.: 102032.
https://doi.org/10.1016/j.psychsport.2021.102032

© 2021, Elsevier. Licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International
http://creativecommons.org/licenses/by-nc-nd/4.0/

A Bayesian Approach to exploring Expertise and Putting Success in Adolescent and Young

Adult Golfers


https://doi.org/10.1016/j.psychsport.2021.102032
http://creativecommons.org/licenses/by-nc-nd/4.0/

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

EXPERTISE AND PUTTING SUCCESS IN ADOLESCENT AND YOUNG ADULT
GOLFERS 2

Abstract
Objectives: Golf putting behaviour was examined to explore if age influenced performance and
the development of motor and perceptual-cognitive expertise during late adolescence and early
adulthood. We also examined if motor control and perceptual-cognitive expertise was related to
performance in situ on a representative putting task.
Method: Twenty elite golfers (15 male; 17-24 years old; mean handicap of 0.5) completed eight
straight and eight sloped putts at two distances (8ft/2.44m and 15ft/4.57m), on an indoor golf
surface. Participants wore a mobile eye tracker during putting and putting performance was also
assessed via eye-movement behaviour, examining Quiet Eye (QE, the duration of the final
fixation on the ball). A baseline profile for each participant was created using kinematic stroke
data (objective measures collected using SAM PuttLab) and average putts per round, greens in
regulation and current practice hours (subjective self-report measures).
Results: Bayesian statistical analysis revealed ‘moderate’ evidence that age and baseline
kinematic factors did not influence putting success rates. Eye movement data revealed moderate
evidence that 1) successful performance was associated with less variability in QE duration and
i1) extended periods of QE were associated with a decline in performance. Importantly, previous
experience and current skill level were ruled out as potential confounds.
Conclusion: Our findings reveal that golf performance and the ability to develop perceptual-
cognitive expertise does not increase with age, post 18 years old. We discuss the benefits of
adopting a Bayesian approach and suggest that future studies should employ longitudinal designs
to examine changes in expertise over time.
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A Bayesian Approach to exploring Expertise and Putting Success in Adolescent and Young
Adult Golfers

Sporting expertise develops over time and is generally thought to be “acquired as a result
of successful interaction of biological, psychological and sociological constraints” (Baker et al.,
2003, p. 1). More specifically, in golf, the period between late adolescence and young adulthood
(from 17-24 years old) is considered a critical time-window during the development of expertise
(Hayman et al., 2014). In this key period talent selection decisions are made, with the intention
of giving the most successful individuals further opportunities to consolidate their expertise
(Hayman et al., 2014). This approach to talent selection is informed by the Developmental
Model of Sports Participation (DMSP) (Cote et al., 2003) which states that from the age of 16 to
early adulthood (the investment years) each athlete either transitions to senior elite level or
continues participating purely for enjoyment and/or personal development. In early adulthood, if
the athlete successfully transitions to elite sport at the senior level, then they are then considered
to be in the maintenance years (Durand-Bush & Salmela, 2002). In the maintenance years the
athlete is aiming to maintain the highest level of performance for an extended period of time
(Durand-Bush & Salmela, 2002).

The transition from elite junior to senior level is considered to be the most challenging
and complex of the within-career transitions (Stambulova, Alfermann, Statler, & Co6té, 2009). To
assist with this transition, golfers commit more time to practice and competing (Hayman et al.,
2014). To date, however, limited research has examined the late adolescence to young adulthood
time period in terms of skill development (Hayman et al., 2014). The most salient evidence
within golf comes from Hayman et al. (2014) in a qualitative analysis of golfers’ self-reported

experience of transitioning from pre-elite to elite status. Using interpretative phenomenological
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analysis the authors reported three central themes underpinning success: 1) increasingly focused
and coach-led practice, 2) family support, and 3) the development of psychological skills (e.g.,
the ability to maintain concentration and block out distractions (Nicholls, 2007a; Nicholls,
2007b). Whilst this qualitative data provides useful insight into areas thought to contribute to
successful development, the study did not directly examine performance per se - beyond
revealing a steady decline in handicap up to 18 years and a plateau between the ages of 18 and
22. It is not known why handicap levels should plateau at this age, particularly as this is a key
stage in the transition from junior to senior, when golfers typically experienced more coaching
and increased opportunities to practice and compete in environments consistent with the Senior
Tour (Hayman et al., 2014). Understanding why this plateau occurs, or what factors could
prevent any potential plateau, could aid future coaching practice. Furthermore, examining actual
putting performance may assist in understanding whether the development of expertise is related
to age or to other factors such as motor control and perceptual-cognitive skKill.

Progression to the senior level in golf demands high levels of perceptual-cognitive
expertise because, following the transition from junior to senior, a golfer is required to play more
challenging courses and must adapt to playing a wider variety of courses around the World (on
their associated Tour). Consequently, to perform successfully at senior elite level, golfers must
be highly skilled, with sufficient expertise to be able to respond, adapt and use affordances in the
environment during practice and competition (Bruineberg & Rietveld, 2014). Gibson (1979)
introduced the concept of affordances as possibilities for action provided by interactions of an
individual with the environment. In the context of golf, the environment includes a wide range of
changeable properties including course layout, inclement weather, crowd conditions, and

opponents’ performances. Critically, experts are able to use environmental and task-related
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constraint information to achieve consistent performance outcomes within an ever-changing
environment (Seifert, Komar, Crettenand, & Millet, 2014). Task constraints are boundaries that
shape and guide movement behaviour (cf. Newell, 1986; golf examples include hole location,
putt type and putt length). From a psychological perspective, therefore, golf involves a series of
perception and action problems, each of which requires perception-based prospective control
solutions. For example, in golf putting, the environment can influence the pace of the ball;
golfers must take into consideration the environment and initial conditions when making a
decision about what pace to hit a ball at, and not just complete a series of pre-programmed motor
actions based on memory and repetition from an internal model.

Golf putting expertise reflects visuo-spatial processing associated with an individual
performer’s capacity for motor and attentional control (Park, Fairweather, & Donaldson, 2015).
Currently, research has largely focused on the well-documented visual strategy of ‘Quiet Eye’
(QE; the final fixation on the back of the ball; see Vickers, 2007) as a specific factor influencing
motor and attentional control, and as a marker of expertise in golf putting (Mann, Williams,
Ward, & Janelle, 2007). Quiet Eye has been shown to be a robust marker of perceptual-cognitive
expertise, based at least in part on the claim that it can differentiate between highly-skilled and
less-skilled performances, even within experts (Lebeau et al., 2016; Wilson, Wood, & Vine,
2016). Existing research has not, however, shown whether age is a factor in developing Quiet
Eye during the key transition period between adolescence and young adulthood. Furthermore,
kinematics has also been found to be a marker of expertise (Hurrion, 2009; Marquardt, 2007),
with an appropriate stable putting technique the basis for a successful putt (Hurrion, 2008).
Again, it is not clear how kinematics change (if at all) during the period from adolescence to

young adulthood.
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Consequently, this study examines elite adolescent and young adult golfers who are
enrolled on long term elite performance programs (aligned with the investment phase of the
DMSP model, Coté et al., 2003) with the goal to achieve elite performance outcomes at senior
level via dedicated intense practice in one sport. We characterise expertise in relation to age
across this critical developmental transition from junior to senior golfers by examining in situ
putting performance (assessed directly using a representative putting task), perceptual-cognitive
expertise (i.e. Quiet Eye) and kinematic putting profiles in relation to age. As the DMSP
proposes, the investment phase focuses on an intense period of training with the sole purpose of
developing elite performance in the selected sport (Coté & Vierimma, 2014). The increase in
intense practice acquired during this phase of development suggests that performance should
improve as individuals spend longer in the investment phase. However, as Hayman (2014)
highlights, between the age period of 18-22 there is a plateau in handicap in elite golfers.
Therefore, despite increased investment in practice in one sport, we predict that there should be
no direct relationship between age and performance (regardless of whether it is assessed
indirectly via average putts per round, or directly via percentage putts holed).

We also hypothesized that there will be no relationship between age and QE duration (a
marker of perceptual cognitive expertise, Mann et al. 2007). Similarly, we predict there will be
no relationship between age and motor control (assessing motor development through increased
consistency on kinematic measures). Although these predictions follow previous findings
(Hayman et al. 2014) they are at odds with the central aims of performance development
programs, where age is factored into decisions about which athletes should progress on funded
programs. Finally, with the predication that age is not related to performance, our study design

allowed us to examine whether motor control and perceptual-cognitive expertise influences
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putting success. Irrespective of age, we expect that longer QE duration and increased consistency
in stroke would both predict higher levels of performance. We anticipate that our findings will
help inform future practice and further understanding of expertise at this key time period in

development.

Methods

Participant
Participants were twenty experienced golfers (fifteen males and five females with an age range
of 17-24 years; M = 20.5, SD = 1.9; and average handicap of +1.7, SD = 2.1) selected on the
basis of age from a larger (N = 35) cohort of volunteer golfers. All participants were right-
handed, right eye dominant, and had normal or corrected-to-normal vision. Ethical approval was
granted by the relevant University ethics review board authorities. The lead researcher contacted
the performance director from a National Governing Body for permission to speak to players
matching the eligibility criteria (a handicap below 3, with no current injuries or visual
impairment). Following initial discussions interested players sent the lead researcher a signed
copy of the informed consent sheet, along with their demographic information. All participants
were enrolled on an elite performance pathway, but the golfers were made aware that
participation was not a requirement, that it was voluntary without obligation, and that

participation had no influence on training and selection.

Procedures
Participants attended one two-hour testing session (Figure 1) completing a representative putting

task, on an indoor artificial surface, whilst behavioural data (performance, gaze behaviour and
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kinematics) was collected. The putting surface had a stimp value of 10.2 stimp (stimp rating is a
measure of green speed, whereby the higher the stimp rating the faster the green) which is
comparable with competitive green speeds during competition with elite golfers.

**Figure 1 about here**

At the start of the testing session, participants were invited to ask any questions and
then an ASL mobile eye tracker (XG Mobile Eye Tracker, Applied Science Laboratories,
Waltham, MA) was fitted to the participant by the lead researcher, consistent with previous
research carried out on visual gaze in putting (Vine & Wilson, 2010; Wilson & Pearcy, 2009).
The eye tracker was calibrated using five coloured markers positioned near the participant’s feet
when standing in putting posture and addressing a golf ball. During calibration participants were
asked to adopt a normal putting stance and to hold their vision steady on the centre of each
marker, in a pre-designated order, for a duration of 100-200ms. During the calibration process
and when putting, participants used their own putter (that had been fitted by a golf professional
prior to the study, to ensure consistency for all participants) and Srixon AD333 Tour golf balls
(consistent with the protocol for the rest of the testing session).

Participants then completed a warm up (involving 12 practice putts; 6 straight and 6 sloped
with different putt locations than those used in the experimental task). Following the warm up
participants completed 16 straight putts captured by SAM PuttLab (Version 5, Science & Motion
Sports) to gain a profile of their putting kinematics. To use SAM PuttLab a triplet was fitted to
the participant’s putter and calibrated as per SAM PuttLab instructions.

Following the SAM PuttLab profile, the participants completed a representative task
with a total of 32 putts (evenly split across the distances of 8ft and 15ft and across straight and

sloped putts). Participants completed four trials (to form a block) from one putt type (e.g., 8ft
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straight) and the blocks of putt types were randomised (Figure 1). The participants were
instructed to follow their normal competition routines, with the aim to hole-out in one putt. When
participants missed the hole the ball was removed prior to the next putt. Testing time ranged
from 1.5 to 2 hours. After all putting was completed participants were given a chance to ask any
questions and reminded about their ability to withdraw. Eight participants went on to complete a
further 30 minutes of putting in an unrelated activity after the debrief; these data are not reported
here. Participants were also given the researcher’s contact details to give the participant a chance

to ask any questions in the future.

Measures
Expertise: Average putts per round, greens in regulation and current practice hours are metrics
recommended by Carey et al. (2017) to characterise putting expertise because the standard
measure of handicap alone is not a sensitive measure of putting ability per se. Participants were
asked to self-report current average putts per round, greens in regulation, number of years
playing golf and total hours per week practice. Importantly, to answer these questions
participants accessed previously recorded performance data stored in a cloud-based database that
they were required to keep regularly updated after every round (and weekly) based on their

enrolment on a performance programme.

Performance: Putting performance was assessed through the number of successful putts, defined

as the putt being “holed” in one stroke and expressed as a percentage of total putts.

Visual Search Behaviours: \/isual search behaviours were captured using ASL XG Mobile
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Eye Tracker, consisting of mobile eye tracker lenses and EyeVision software (ASL Results

Pro Analysis, Argus formally, ASL) installed on a laptop (Dell Inspiron6400). Consistent

with previous research (Vine, Moore, & Wilson, 2011) gaze location is depicted by a

crosshair (+) cursor (representing 1° of visual angle) in a video image of the scene (spatial
accuracy of = 0.5° visual angle; 0.1° precision, 30 Hz frame rate). The lead researcher checked
the accuracy of the calibration periodically throughout the testing session, re-calibrating
whenever necessary (e.g., after a pupil recognition loss >100ms or if the calibration had been
lost). The eye tracker was also calibrated at the start of each putt block. All analysis was
completed post testing, using event by event analysis specific to the area of interest (i.e., the
ball). The change in visual degree of angle was monitored and evaluated via ASL Results Pro.
Blink frequency and blink duration (ms) were also monitored via the use of a blink detection
algorithm. If pupil recognition was lost during a recognised fixation (for example, due to a blink)
for less than the time specified as “Maximum Pupil Loss” (100ms), then the fixation does not
end, and fixation duration continues. If pupil recognition is lost for a longer period (>100ms), the
fixation is considered to have ended at the beginning of the recognition loss period. The QE
onset had to begin before movement initiation of the backswing but could continue through the
putting movement (e.g., as in Causer et al., 2017). QE offset occurred when gaze deviated from
the target (ball or fixation marker) by more than 3° of visual angle, for longer than 100 ms
(Moore, Vine, Cooke, et al., 2012; Vickers, 2007). The absence of a QE fixation was scored as a

ZEero.

Kinematics: Two kinematic variables of impact spot and face angle consistency were used to act

as indirect measures of motor control and a marker of expertise. These kinematic indexes were
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chosen because they are considered fundamental to putting performance (Marquardt, 2007).
Impact Spot is defined as the exact location the ball hits the putter face. Impact Spot consistency
highlights the variability in point of impact, with 100% being no variability and 0% being high
variability. Face Angle at Impact consistency reflects how consistent the participant is at keeping
the face relative to the target aim. A poor Face Angle at Impact consistency has been linked to
visual perception problems. For both measures, a score of >75% consistency is indicative of an

expert skill level (Marquardt, 2007).

Power and Statistical Analysis

Power

We carried out a priori power calculations using G * Power (version 3.0.1; Faul, Erdfelder,
Lang, & Buchner, 2007) to explore the impact of changes in age on putting performance. We
choose to use two tails and the default settings of a small effect size 0.3, an « error probability of
0.05, and Power (1-B err prob) of 0.95. The power analysis outcomes suggested that we would
need a sample of 138 elite golfers to be confident of finding a reliable effect of age on
performance. We also conducted a power calculation in relation to the impact of changes in QE
duration on performance. In this case we used the G * Power default setting for a within-
participants repeated measures F test. Calculations were therefore completed based on the
parameters of an effect size 0.25, a error probability of 0.05, Power (1-f err prob) of 0.95, with
analysis tailored to fit our design (an ANOVA with one group and four repetitions). The output
confirmed a total sample size of n = 36. Previous studies of putting in elite golfers have achieved
cohort sizes ranging from 5 to 22 (cf. Redondo, de Benito, & lzquierdo, 2020; Tanaka, & lwami,

2018; Hayman, Borkoles, Taylor, Hemmings, & Polman, 2014; Alvarez, Sedano, Cuadrado,
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Gonzalo & Redondo, 2012; Vine, Moore & Wilson, 2011; Nicholls, Hemmings, & Clough,
2010; Nicholls, 2007; Nicholls, Holt, Polman, & James, 2005), and taking into account our
knowledge about the availability of golfers, it was immediately clear that obtaining these sample
sizes was not practicable.

Given our concern about sample size, and wider awareness of the problems associated
with the null hypothesis testing approach (Wagenmakers et al., 2018), here we decided to
employ Bayesian methods. Three features of the Bayesian approach are particularly attractive in
the current context. First, unlike with traditional frequentist statistics, Bayesian statistics can be
used to assess both the null and alternate hypotheses. This feature of Bayes is particularly
important in the current context because it allows the null hypothesis to serve as a testable
prediction — rending the assumptions that there would be no change in expertise with age.
Second, rather than relying on an arbitrary significance threshold, Bayesian statistics provide
information about the strength of evidence in support of a conclusion (from anecdotal to
extreme). Third, Bayes allows researchers to monitor findings during data collection, using
sequential analysis to explore the evidence as a function of increasing sample size (van Doorn et
al., 2020). Using this approach offers a significant advantage in allowing studies to be carried out
using a ‘stopping rule’ to determine when there is sufficient data to support a conclusion. For
example, Schénbrodt and Wagenmakers (2018) recommend that data collection can safely be
stopped once ‘strong’ evidence is found. However, due to the short time period these high
performing athletes were available for participation in the study and the time required for data
processing, sequential analysis was not possible during data collection. Therefore, post-hoc
sequential analysis was performed to enable an evaluation of the strength of evidence based on

the sample size recruited.
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Statistical Analysis
Characterizing the effect of age
Initial analyses were designed to establish if age influenced the baseline skill level profile of the
golfers. Two Bayesian paired correlations were used to explore the relationship between age and
the kinematic variables of impact spot and face angle consistency. In addition, and again using
Bayesian correlations, we also assessed three separate self-reported indexes of experience
(average putts per round, greens in regulation and number of hours spent practicing). Following
the examination of baseline skills an additional set of analyses using Bayesian correlations was
performed to explore if there was a relationship between age and putting performance (% total
successful putts) on the representative putting task. Furthermore, a Bayesian correlation was also
conducted to assess whether there was a relationship between age and mean QE duration during

the putting task.

Analysis of performance and motor control

Putting success relative to kinematic factor was explored using separate Bayesian Paired
correlations for both performance (% total performance) on the representative task and average
putts per round (global performance measure) for the two kinematic variables of impact spot

consistency and face angle rotation consistency.

Analysis of performance and perceptual-cognitive expertise
Total putting success rates on the representative task were assessed in relation to the mean QE
duration using Bayesian paired correlations to explore if QE duration influenced performance

independently of age. Additional analysis was conducted to examine mean QE duration for
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successful and unsuccessful putts using Bayes Paired #-test. Further analysis was completed
analyzing the variability in QE duration between successful and unsuccessful putts using a Bayes
Independent Samples Paired #-test. To measure variability Standard Deviation (SD) was used and
this has been reported to be an appropriate way to measure variability (Altman & Bland, 2005).
Further analysis using a Bayesian repeated measures ANOVA was conducted to explore the
impact of QE duration and performance. QE duration data was binned according to the length of
the QE period (based on individual quartiles), and performance was measured through

percentage success rates in each quartile (eight trials per quartile).

Results

Characterizing the effect of age
Age and expertise at baseline
A series of Bayesian paired correlations were completed to explore if expertise, as measured by
average putts per round, greens in regulations, hours practice per week and stroke kinematic
factors (impact spot and face angle consistency) was related to age. Analysis revealed no
relationship (r =-0.018) between age and average putts per round (see Figure 2), providing
‘moderate’ evidence in favour of the null hypothesis (BFo1 = 3.603). Analysis also revealed no
relationship between age and greens in regulation (» = 0.331), providing ‘anecdotal’ evidence in
favour of the null hypothesis (BFo1 = 1.394). Similarly, analysis revealed practice (hours per
week) did not vary with age (» = 0.002), providing ‘moderate’ evidence in favour of the null
hypothesis (BFo1 = 3.613, Figure 2). Analysis also revealed no relationship between age and face
angle rotation consistency (r = 0.158), again providing ‘anecdotal” evidence in favour of the null

hypothesis (BFo1 = 2.937). Lastly, analysis revealed that there was no relationship between age
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and impact spot consistency (» = -0.047), providing ‘moderate’ evidence in favour of the null
hypothesis (BFo1 = 3.549, Figure 2). Taken together the results provide moderate support for the

claim that expertise at baseline is not related to age.

**Figure 2 about here**

Age and putting performance
One participant was removed from the analysis due to the performance (% total performance) on
the representative task being an outlier (i.e., greater than 3 standard deviations from the mean).
As can be seen in Figure 3, analysis revealed that there was no relationship between age and
putting performance (r = 0.018), providing ‘moderate’ evidence in favour of the null hypothesis

(BFo1 = 3.515) and suggesting that performance on the putting task was not related to age.

**Figure 3 about here**

Age on QF duration

As shown in Figure 4, analysis revealed no evidence of a relationship between age and mean QE

duration (» = 0.135), providing ‘moderate’ evidence in favour of the null hypothesis (BFo1 =

0.322) and suggesting that QE duration does not increase with age.

**Figure 4 about here**
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Analysis of performance and motor control
A series of Bayesian paired correlations were completed to explore the relationship between
kinematic factors and performance (average putts per round and % performance on the
representative task). As noted above, for all analysis on the representative task, one outlier was
removed. Analysis revealed that there was no relationship between face angle rotation
consistency and average putts per round (r = -0.106), with ‘moderate’ evidence in favour of the
null hypothesis (BFo1 = 3.296). Analysis also revealed that there was no relationship between
face angle rotation consistency and performance on the representative task (r = 0.174), with
‘anecdotal’ evidence in favour of the null hypothesis (BFo; = 2.78).

Analysis revealed that there was no relationship between impact spot consistency and
average putts per round (r = 0.006), with ‘moderate’ evidence in favour of the null hypothesis
(BFo1 = 3.612). Analysis also revealed that there was no relationship between impact spot
consistency and performance on the representative task (r = 0.281), with ‘anecdotal’ evidence in
favour of the null hypothesis (BFo; = 1.869). Taken together, kinematic variables did not impact
on performance. We note, however, that may reflect that 90% of the sample demonstrated
kinematic variables in line with experts (Marquardt, 2007), exhibiting over 75% consistency in

their impact spot location and face angle rotation.

Analysis of performance and perceptual-cognitive expertise
Analysis was also completed to explore the relationship between perceptual-cognitive expertise
and performance (% putts holed). Bayesian correlation analysis revealed that there was no
relationship between mean QE duration (ms) and putting performance (r = -0.222), but provided

only ‘anecdotal’ evidence in favour of the null hypothesis (BFo; = 2.38). Mean QE duration of
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successful putts (M = 1621.157 = 385.917ms) were similar to that of mean QE duration for
unsuccessful putts (M = 1627.040 = 345.871ms). A Bayes paired sample t-test revealed
‘moderate’ evidence in favour of the null hypothesis (BF1o = 0.240, error % = 0.022). There was,
however, a high level of variation with the mean QE duration measured via SD ranging from
92.106 - 630.604 (M =364.257, SD = 180.587). As a result, it was of interest to explore if
variation differed as a function of putt success. Mean variation in QE duration of successful putts
was lower (M = 318.392 + 176.110ms) than mean variation for unsuccessful putts (M = 382.378
+ 190.393ms). A Bayes paired sample independent #-test revealed ‘moderate’ evidence in favour
of the alternative hypothesis (BF10 =9.997, error % = 7.115e-4).

Lastly, due to the high level of individual variation between participants (mean QE
ranged from 1087ms to 2111ms), we assessed the impact of QE duration on performance. A
Bayes one-way repeated measures ANOVA found that the model with the main effect predicts
the observed data just slightly better than the null model (BF1o= 1.23, Error % = 0.468) and the
BFinc is 1.23 (P(incl) = 0.500, P(excl) = 0.500, P(incl/data) = 0.552, P(excl/data 0.448)), showing
that model with the main effect is marginally more likely than those without that main effect, but
the evidence is too weak to be conclusive. As shown in Figure 5, mean performance steadily rose
from quartile 1 (M =41 £ 19%) to quartile 2 (M =48 £ 17%) and was similar in quartile 2 and 3
(M =48 = 11%) but decreased in quartile 4 (M = 38 £ 15%). Post hoc comparisons (detailed in
Table 1), revealed ‘anecdotal’ evidence in favour of the alternative hypothesis between Q2 and
Q4 and ‘moderate’ evidence in favour of the alternative hypothesis between Q3 and Q4,

consistent with decline in performance for the longest QE duration visible in Figure 5.

**Table 1 near here**
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Discussion

The aim of the current study was to characterise expertise (and the factors that influence putting
success) in relation to age across the critical developmental period from late adolescence to
young adulthood. From an applied perspective, this period is critical for golfers because talent
selection decisions made at this time determine who progresses within the sport. From a
theoretical perspective, the Developmental Model of Sports Performance (DMSP; Cote et al.,
2003) states the investment phase focuses on an intense period of training with the sole purpose
of developing elite performance in the selected sport (Coté & Vierimma, 2014) but previous
research has shown a plateau in handicap in elite golfers between 18-22 years (Hayman et al.,
2014). To investigate this issue we explored whether the development of motor expertise,
perceptual-cognitive expertise and specific expertise markers relevant to golf (such as average
putts per round) were correlated with age (17-24 years old).

The data here provides provisional evidence that age is not correlated with measures of
putting expertise. Despite performance differing across participants in the in-situ putting task
(ranging from 12% to 59% success), analysis using Bayesian statistics provided highly consistent
‘moderate’ evidence that age does not correlate with adolescent and young adult golfers putting
success. This finding is, to our knowledge, the first empirical investigation to examine age-
related ability during the late adolescence to young adulthood period using actual putting
performance as a measure of expertise. Additionally, there was limited evidence to suggest that
age influences other performance markers such as average putts per round or stroke kinematics
or the ability to develop perceptual-cognitive expertise. More importantly, perhaps, the present

experimental findings are supported by data from the PGA Tour, where age does not appear to be
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a determining factor for performance: the youngest first time Tour winner this century was aged
19 years, and the oldest first time winner was 47 years old (PGA Tour, 2020).

Our findings are also in accord with data from Hayman et al. (2014) who demonstrated
that changes in handicap plateau between the ages of 18-22 years, suggesting limited age-related
expertise differences during this time period. Critically, the current findings add experimental
evidence for the claim that age is not a valid basis on which to judge putting success. From a
theory perspective, the current findings highlight that future research needs to explore what
factors underpin an athlete’s transition from the investment years to maintenance years as it
seems that talent is consolidated from the age of 18. These findings are consistent with the
predictions of DMSP model (Coté & Vierimma, 2014) that by late adolescence athletes have
developed the physical, cognitive, social, emotional, and motor skills needed to invest their
efforts into highly specialized training in one sport (Postulate 7, pp. S67). However, critically our
findings suggest that more time spent undertaking the highly specialized training does not
necessarily led to improvement in skill level beyond those achieved in late adolescence.
Although the present findings demonstrate that actual golfing putt performance does not vary
with age, it is important to acknowledge that the data do not provide an assessment of the quality
of golf practice that each athlete experienced during their normal routines. As we outline below,
on this basis it would be of particular interest for future studies to examine what kinds of practice
are most effective at enhancing junior talent.

Given that adolescence and young adulthood is the key period during which career
decisions are made, the present findings raise important questions about how talent can best be
identified to ensure a successful transition from junior to senior elite. In this respect and based on

the current findings it is worth considering the large individual variation when interpreting the
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results and any implications for practice. The findings provided moderate evidence suggesting
less variability in QE duration was associated with successful performance, consistent with
findings that expertise is associated with less variability (Mann, Coombes, Mousseau, Janelle,
2011). The data also suggests the potential of an individual threshold whereby performance
declined once QE duration was extended over a prolonged period. In support of our findings, a
recent study by Harris, Wilson, and Vine (2020) assessing the functional parameters of the Quiet
Eye using novice golfers completing a golf putting task in immersive virtual reality found that
“the spatial and temporal parameters of the fixation may be less important than previously
thought” (pp.37). The authors discuss the potential of individual-specific thresholds and the
notion of ‘long enough’ and ‘close enough’ to the target. These findings suggest that perceptual-
cognitive expertise is important for performance, but that putting success may not be related to
increase in QE duration per se, depending instead on each individual’s threshold for performance
improvement. Moving forwards we recommend that future researchers and practitioners should
focus on understanding how golfers develop perceptual-cognitive expertise throughout the
developmental pathway.

More broadly, the current findings highlight how limited current knowledge is regarding
visual strategies underpinning successful performance, such as where golfers look when
scanning a green in preparation for hitting the putt (Craig et al., 2000) and how visual
information is used to direct action. The development of light-weight mobile physiological
measures (including eye-tracking, EEG and EMG) has inspired renewed interest in real world
data collection (e.g., see Park, Fairweather, & Donaldson, 2015, in relation to the use of mobile
EEG in sport; and for broader discussion see Ladouce, Donaldson, Dudchenko, & Ietswaart,

2017). In the context of golf performance, future research is required to establish whether
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individual golfers exhibit different visual strategies, including in relation to planning (viewing of
the hole and ball prior to putting during the green reading phase) and feedback (information
gained from viewing the outcome of the putt).

When developing through the pathway, a golfer is given more opportunities to practice and
compete both Nationally and Internationally. Davids (2000; see also Seifert, Button, & Davids,
2013) highlighted the cyclical nature of skill learning and the development of expertise through
the athlete being involved in continual interactions with the environment, utilizing a range of
task and environmental constraints during both simulated practice and competition (Davids,
Button, & Bennett, 2008). To expand on our findings, future studies should aim to understand the
type of practice and the associated task and environmental constraints which link to the
development of expertise is critical. Furthermore, from an applied point of view, it would be
valuable to understand whether selection decisions differ when they take place in environments
that are familiar (i.e., practiced) versus unfamiliar (i.e., novel) to the golfer, because previous
experience of a green/course will impact on the golfer’s ability to adapt and use affordances in
the environment.

In the present study the use of a representative task (a quantitative assessment of the impact
on age on performance in situ) enabled the specific performance contexts to be more closely
matched to setting that the findings are intended to be applied in. For example, the putting
performances reported in this study are highly consistent with those seen on Tour in comparison
to those typically reported in laboratory studies using repetitive putts (where performance
reaches 70%). Dicks, Davids and Button (2009) highlight how the use of representative task
design is critical when studying the development of perceptual skill. Therefore, it is proposed

any future study in this area continues to adopt a representative task design.
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One distinct strength of the current study is our use of Bayesian statistics, which allowed
us a) to test the potential for both alternative and null hypotheses, and b) to characterise the
strength of evidence. As noted in the introduction we originally carried out traditional power
analysis, which suggested a very large cohort should be examined. Given the inherent limited
availability of elite athletes our response was to adopt a Bayesian approach, including the use of
sequential analysis to help us assess the strength of evidence. Whilst acknowledging the
Bayesian analysis provided only ‘moderate’ support for the null hypothesis, our view is that the
consistency of the results and the clear plateau across all measures adds some confidence to the
outcome. We also note that recruiting more than twenty expert adolescent and young adult
golfers is a known challenge due to the nature of the cohort (Starkes & Ericsson, 2003). More
significantly, we note that any conclusions based on the average behaviour of large cohorts tested
on one occasion are not necessarily informative about any one individual. Given that the ultimate
aim in sport, in particular golf, is for individual athletes to succeed, there is clearly a pressing
need for approaches that focus on developing expertise within individuals (Seifert, Papet,
Strafford, Coughlan, & Davids, 2019). Thus, rather than move towards ever larger cohorts, our
view is that there is far greater need for longitudinal single case studies, examining changes in

expertise over time.

Conclusion

We investigated factors influencing performance in highly skilled adolescent and young adult
golfers using a representative task design, and measures of putting behaviour. Using a Bayesian
approach, we found during late adolescence and early adulthood golfing ability does not increase

with age per se. Our findings question current practice involving age-based talent selection and



483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

EXPERTISE AND PUTTING SUCCESS IN ADOLESCENT AND YOUNG ADULT
GOLFERS 23

suggest instead that changes in individual’s performance should be tracked across the
developmental pathway. Whilst we found no evidence that baseline kinematic variables
influenced performance, independent of age, we observed a reduction in putting performance for
longer QE durations. Taken together our findings suggest that perceptual-cognitive expertise is
linked to putting success, highlighting the need for a far broader conceptualisation of perceptual-
cognitive expertise, including wider use of representative task designs, greater use of
longitudinal studies, and the adoption of new mobile physiological measures. To enable
evidence-based talent selection and future research must employ longitudinal designs, using
representative tasks, to provide better understanding of how perceptual-cognitive expertise is

developed.

References

Alexander, D. L., & Kern, W. (2005). Drive for show and putt for dough?: An analysis of the
earnings of PGA tour golfers. Journal of Sports Economics, 6(1), 46-60. doi:
10.1177/1527002503260797

Altman, D. G., & Bland, J. M. (2005). Standard deviations and standard errors. The British
Medical Journal, 331(7521), 903.

Alvarez, M., Sedano, S., Cuadrado, G., & Redondo, J.C. (2012). Effects of an 18-Week Strength
Training Program on Low-Handicap Golfers' Performance. Journal of Strength and
Conditioning Research, 26(4), 1110-1121. doi:10.1519/JSC.0b013e31822dfa7d

Aratjo, D., Davids, K., & Passos, P. (2007). Ecological validity, representative design, and
correspondence between experimental task constraints and behavioral setting: Comment

on. Ecological Psychology, 19(1), 69-78. doi:10.1080/10407410709336951



506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

EXPERTISE AND PUTTING SUCCESS IN ADOLESCENT AND YOUNG ADULT
GOLFERS 24

Baker, J., Horton, S., Robertson-Wilson, J., & Wall, M. (2003) Nurturing sport expertise: factor
influencing the development of elite athlete. Journal of Sports Science & Medicine, 2(1),
1. PMID: 24616603; PMCID: PMC3937568

Bruineberg, J., & Rietveld, E. (2014). Self-organization, free energy minimization, and optimal

grip on a field of affordances. Frontiers in Human Neuroscience, 8, 599. Retrieved from

https://www.frontiersin.org/article/ doi:10.3389/fnhum.2014.00599

Brunswik, E. (1956). Perception and the representative design of psychological experiments, 2nd
ed. Berkeley, CA, US: University of California Press.

Carey, L. M., Jackson, R. C., Fairweather, M. M., Causer, J., & Williams, A. M. (2017).
Perceptual-cognitive expertise in golf putting. In Toms M. (Ed.). Routledge, International
Handbook of Golf Science, 173-182.

Coté, J., & Vierimaa, M. (2014). The developmental model of sport participation: 15 years after
its first conceptualization. Science & Sports, 29, S63-S69.
doi:10.1016/j.scispo.2014.08.133

Cote, J., Baker, J., & Abernethy, A. (2003). From play to practice: “A developmental framework
for the acquisition of expertise in team sport”. Expert Performance in Sports: Advances
in Research on Sport Expertise, 89-113.

Coutinho, P., Mesquita, 1., & Fonseca, A. M. (2016). Talent development in sport: A critical
review of pathways to expert performance. International Journal of Sports Science &
Coaching, 11(2), 279-293. doi:10.1177/1747954116637499

Davids, K. (2000). Skill acquisition and the theory of deliberate practice: It ain't what you do it's

the way that you do it! International Journal of Sport Psychology, 31(4), 461-466.


https://www.frontiersin.org/article/

EXPERTISE AND PUTTING SUCCESS IN ADOLESCENT AND YOUNG ADULT
GOLFERS 25

528  Durand-Bush, N., & Salmela, J. H. (2002). The development and maintenance of expert athletic
529 performance: Perceptions of world and Olympic champions. Journal of Applied Sport
530 Psychology, 14(3), 154-171. doi:10.1080/10413200290103473

531  Edgar Santos-Fernandez, Wu, P., & Mengersen, K. L. (2019). Bayesian statistics meets sports:
532 comprehensive review. Journal of Quantitative Analysis in Sports, 15(4), 289-312.

533 doi:10.1515/jqas-2018-0106

534  Faul, F.,, Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G* Power 3: A flexible statistical
535 power analysis program for the social, behavioral, and biomedical sciences. Behavior
536 Research Methods, 39(2), 175-191. doi: 10.3758/BF03193146

537  Fraser-Thomas, J., Coté, J., & Deakin, J. (2008). Understanding dropout and prolonged

538 engagement in adolescent competitive sport. Psychology of Sport and Exercise, 9(5),
539 645-662. doi:10.1016/j.psychsport.2007.08.003

540  Gibson, J. (1979). The ecological approach to visual perception. Boston: Houghton: Mifflin
541 Company.

542  Gould, D., Dieffenbach, K., & Moftett, A. (2002). Psychological characteristics and their

543 development in olympic champions. Journal of Applied Sport Psychology, 14(3), 172-
544 204. doi:10.1080/10413200290103482

545  Harris, D. J., Wilson, M. R., & Vine, S. J. (2020). A critical analysis of the functional parameters
546 of the quiet eye using immersive virtual reality. Journal of Experimental Psychology:
547 Human Perception and Performance, 47(2), 308-321. doi:10.1037/xhp0000800

548 Hayman, R. J., Borkoles, E., Taylor, J. A., Hemmings, B., & Polman, R. C. (2014). From pre-
549 elite to elite: The pathway travelled by adolescent golfers. International Journal of Sports

550 Science & Coaching, 9(4), 959-974. do01:10.1260/1747-9541.9.4.959



551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

EXPERTISE AND PUTTING SUCCESS IN ADOLESCENT AND YOUNG ADULT
GOLFERS 26

Hellstrom, J. (2009). Competitive elite golf A review of the relationships between playing
results, technique and physique. Sports Medicine, 39(9), 723-741. doi:10.2165/11315200-
000000000-00000

Hurrion, P. (2009). A biomechanical investigation into weight distribution and kinematic
parameters during the putting stroke. International Journal of Sports Science &
Coaching, 4(1), 89-105.

Huxley, D. J., O'Connor, D., & Bennie, A. (2018). Olympic and world championship track and
field athletes' experiences during the specialising and investment stages of development:
A qualitative study with australian male and female representatives. Qualitative Research
in Sport, Exercise and Health, 10(2), 256-272. doi:10.1080/2159676X.2017.1393452

Klostermann, A., Kredel, R., & Hossner, E. J. (2014). On the interaction of attentional focus and
gaze the quiet eye inhibits focus-related performance decrements. Journal of Sport and
Exercise Psychology, 36(4), 392-400. doi.org/10.1123/jsep.2013-0273

Klostermann, A., & Hossner, E. J. (2018). The Quiet Eye and motor expertise: Explaining the
“efficiency paradox”. Frontiers in psychology, 9, 104. doi.org/10.3389/fpsyg.2018.00104

Ladouce, S., Donaldson, D. 1., Dudchenko, P. A., & Ietswaart, M. (2017). Understanding minds
in real-world environments: toward a mobile cognition approach. Frontiers in Human
Neuroscience, 10, 694. Retrieved from
https://www.frontiersin.org/article/10.3389/fnhum.2016.00694

Law, M. P,, Coté, J., & Ericsson, K. A. (2007). Characteristics of expert development in rhythmic
gymnastics: A retrospective study. International Journal of Sport and Exercise

Psychology, 5(1), 82-103. doi:10.1080/1612197X.2008.9671814



573

574

575

576

S77

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

EXPERTISE AND PUTTING SUCCESS IN ADOLESCENT AND YOUNG ADULT
GOLFERS 27

Mann, D. T., Coombes, S. A., Mousseau, M. B., & Janelle, C. M. (2011). Quiet eye and the
Bereitschafts potential: visuomotor mechanisms of expert motor performance. Cognitive
Processing, 12(3), 223-234. doi: 10.1007/s10339-011-0398-8

Mann, D., Williams, A., Ward, P., & Janelle, C. (2007). Perceptual-cognitive expertise in sport: A
meta-analysis. Journal of Sport & Exercise Psychology, 29, 457-478.
doi:10.1123/jsep.29.4.457.

Mann, D. T., Wright, A., & Janelle, C. M. (2016). Quiet Eye: The efficiency paradox—comment
on Vickers. Current Issues in Sport Science (CISS). doi:10.15203/CISS _2016.111.

Marquardt, C. (2007). The SAM puttlab: Concept and PGA tour data. International Journal of
Sports Science and Coaching, 2, 101-120. doi:10.1260/174795407789705479

Mengersen, K. L., Drovandi, C. C., Robert, C. P., Pyne, D. B., & Gore, C. J. (2016). Bayesian of
small effects in exercise and sports science. Plos One, 11(4), e0147311.
doi:10.1371/journal.pone.0147311

Moore, L. J., Vine, S. J., Cooke, A., Ring, C., & Wilson, M. R. (2012). Quiet eye training
expedites motor learning and aids performance under heightened anxiety: The roles of
response programming and external attention. Psychophysiology, 49(7), 1005-1015.
doi.org/10.1111/5.1469-8986.2012.01379.x

Newell, K. M. (1986). Constraints on the Development of Coordination. In M. G. Wade, & H.T.
A. Whiting (Eds.), Motor Development in Children: Aspects of Coordination and Control
(pp- 341-360). The Netherlands: Martinus Nijhoff, Dordrecht.

Nicholls, A. (2007a). Can an athlete be taught to cope more effectively? the experiences of an
program for coping. Perceptual and Motor Skills, 104(2), 494-500.

doi:10.2466/pms.104.2.494-500



596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

EXPERTISE AND PUTTING SUCCESS IN ADOLESCENT AND YOUNG ADULT
GOLFERS 28

Nicholls, A. (2007b). A longitudinal phenomenological analysis of coping effectiveness among
scottish international adolescent golfers. European Journal of Sport Science, 7(3), 169-
178. doi:10.1080/17461390701643034

Nicholls, A. R., Hemmings, B., & Clough, P. J. (2010). Stress appraisals, emotions, and coping
among international adolescent golfers. Scandinavian Journal of Medicine & Science in
Sports, 20(2), 346-355. doi:10.1111/j.1600-0838.2009.00894.

Nicholls, A. R., Holt, N. L., Polman, R. C. J., & James, D. W. G. (2005). Stress and Coping
Among International Adolescent Golfers. Journal of Applied Sport Psychology, 17(4),
333-340. doi:10.1080/10413200500313644

Park, J. L., Fairweather, M. M., & Donaldson, D. 1. (2015). Making the case for mobile
cognition: EEG and sports performance. Neuroscience & Biobehavioral Reviews, 52,
117-130. doi.org/10.1016/j.neubiorev.2015.02.014

Panchuk, D., Farrow, D., & Meyer, T. (2014). How can novel task constraints be used to induce
acute changes in gaze behaviour? Journal of Sports Sciences, 32(12), 1196 -1201.
doi:10.1080/02640414.2013.876089

Pelz, D. (1994) A Study of Golfers’ Abilities to Read Greens. In, Cochran, A.J. and Farrally, F.R.
(eds.), Science and Golf II: Proceedings of the 1994 World Scientific Congress of Golf,
London, E & FN Spon, 180-185.

PGA Tour. (2020). Stat and records. Retrieved from https://www.pgatour.com/stats.html
601R&A. (2020). R&A- rules of golf. Retrieved from

https://www.randa.org/en/rog/2019/pages/the-rules-of-golf



617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

EXPERTISE AND PUTTING SUCCESS IN ADOLESCENT AND YOUNG ADULT
GOLFERS 29

Redondo, J. C., de Benito, A. M., & Izquierdo, J. M. (2020). Effect of concurrent training on
trainability performance factors in youth elite golf players. PeerJ (San Francisco, CA), &,
€9963—e9963. https://doi.org/10.7717/peer).9963

Rouder, J. N., Morey, R. D., Speckman, P. L., & Province, J. M. (2012). Default Bayes factors
for ANOVA designs. Journal of Mathematical Psychology, 56(5), 356-374.
doi.org/10.1016/5.jmp.2012.08.001

Rouder, J. N., Speckman, P. L., Sun, D., Morey, R. D., & Iverson, G. (2009). Bayesian t tests for
accepting and rejecting the null hypothesis. Psychonomic Bulletin & Review, 16(2), 225-
237. doi:10.3758/PBR.16.2.225

Schonbrodt, F. D., & Wagenmakers, E. J. (2018). Bayes factor design analysis: Planning for
compelling evidence. Psychonomic Bulletin & Review, 25(1), 128-142.
doi.org/10.3758/s13423-017-1230-y

Schweizer, G., & Furley, P. (2016). Reproducible research in sport and exercise psychology:

The role of sample sizes. Psychology of Sport and Exercise, 23, 114-122.
doi.org/10.1016/j.psychsport.2015.11.005

Seifert, L., Button, C., & Davids, K. (2013). Key properties of expert movement systems in

sport. Sports Medicine, 43(3), 167-178. doi:10.1007/s40279-012-0011-z

Seifert, L., Komar, J., Crettenand, F., & Millet, G. (2014). Coordination pattern adaptability,
Energy cost of degenerate behaviors. Plos One, 9(9), e107839.
doi:10.1371/journal.pone.0107839

Seifert, L., Papet, V., Strafford, B. W., Gogliani, A., & Davids, K. (2018). Skill transfer, expertise
and talent development: An ecological dynamics perspective. Movement Sport Sciences,

(4), 39-49. doi.org/10.1051/sm/2019010



640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

EXPERTISE AND PUTTING SUCCESS IN ADOLESCENT AND YOUNG ADULT
GOLFERS 30

Stambulova, N., Alfermann, D., Statler, T., & Coté, J. (2009). ISSP position stand: Career
development and transitions of athletes. International Journal of Sport and Exercise
Psychology, 7(4), 395-412. d0i:10.1080/1612197X.2009.9671916

Starkes, J. L., & Ericsson, K. A. (2003). Expert performance in sports: Advances in research on
sport expertise. Human Kinetics.

Tanaka, H., & Iwami, M. (2018). Estimating Putting Outcomes in Golf: Experts Have a Better
Sense of Distance. Perceptual and Motor Skills, 125(2), 313-328.
doi:10.1177/0031512518754467

van den Bergh, D., van Doorn, J., Marsman, M., Draws, T., van Kesteren, E., Derks, K., ...
Wagenmakers, E. (2019). A Tutorial on Conducting and Interpreting a Bayesian ANOVA
in JASP. PsyArXiV. doi.org/10.31234/osf.i0o/spreb

Vickers, J. N. (2007). Perception, cognition, and decision training: The quiet eye in action.
Human Kinetics.

Vine, S. J., Moore, L., & Wilson, M. R. (2011). Quiet eye training facilitates competitive putting
performance in elite golfers. Frontiers in Psychology, 2, 8.
doi.org/10.3389/fpsyg.2011.00008

Vine, S., & Wilson, M. (2010). Quiet eye training: Effects on learning and performance under
pressure. Journal of Applied Sport Psychology, 22(4), 361-376.
doi:10.1080/10413200.2010.495106

Wagenmakers, E., Love, J., Marsman, M., Jamil, T., Ly, A., Verhagen, J., . . . Morey, R. D.
(2018). Bayesian inference for psychology. part II: Example applications with JASP.

Psychonomic Bulletin & Review, 25(1), 58-76. d0i:10.3758/s13423-017-1323-7



662

663

664

665

666

667

668

669

670

671

EXPERTISE AND PUTTING SUCCESS IN ADOLESCENT AND YOUNG ADULT
GOLFERS

Wall, M., & Cé6té, J. (2007). Developmental activities that lead to dropout and investment in
sport. Physical Education and Sport Pedagogy, 12(1), 77-87.
doi:10.1080/17408980601060358

Wilson, M., & Pearcy, R. (2009). Visuomotor control of straight and breaking golf putts.
Perceptual and Motor Skills, 109(2), 555-562. doi:10.2466/pms.109.2.555-562

Wood, G., Vine, S. J., & Wilson, M. R. (2016). Working memory capacity, controlled attention
and aiming performance under pressure. Psychological research, 80(4), 510-517.

doi.org/10.1007/s00426-015-0673-x

31



EXPERTISE AND PUTTING SUCCESS IN ADOLESCENT AND YOUNG ADULT
GOLFERS 32

672 Tables
673 Tablel

674  Pairwise comparisons between putting success rates for each quartile of QE duration. Bayes
675  Factors and associated model error are reported (‘U’ denotes uncorrected), along with an
676 indication of how strong the evidence is, and which hypothesis the evidence supports. Putting
677  success rate data for each quartile are shown in Figure 5.

. . Prior Posterior Error Strength of .
Pairwise Comparisons Odds Odds BF 10, u % Evidgence Hypothesis
Q1 Q2 0.414 0.222 0.536 0.009 Anecdotal Null

Q3 0.414 0.253 0.611 0.006 Anecdotal Null

Q4 0.414 0.127 0.308 0.02 Moderate Null
Q2 Q3 0.414 0.097 0.234 0.022 Moderate Null

Q4 0.414 0.753 1.818 0.003 Anecdotal Alternative
Q3 Q4 0.414 2.692 6.499 0.001 Moderate Alternative
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679 Figures

680  Figure 1: Schematic of the different phases of testing (top), the testing environment demonstrating a
681  participant in action using the eye tracker and kinematic equipment (middle) and a breakdown of the
682  putts required in the representative task design (bottom).

Warm
Up

Kinematic
Baseline

Fitted Measures

-
Equipment
Task

Representative W

~
Debrief}

Total: Putt Distances: Putt Type: Trial order: Duration:
32 putts 8ft and 15ft Straight and Sloped Random 1-2hrs
683 \ ),

684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708




709
710
711
712
713

714

715
716

EXPERTISE AND PUTTING SUCCESS IN ADOLESCENT AND YOUNG ADULT
GOLFERS 34

Figure 2: Moderate evidence in favour of the null hypothesis showing that age is not related to expertise
(average putts per round: top row plots in Panel A), hours practiced per week (middle row plots in Panel
B) and impact spot consistency (bottom row plots in Panel C). The plots on in the middle of each panel
row show the sequential analysis, highlighting that the strength of evidence plateaus and becomes stable
by around participants 15.
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Figure 3: Moderate evidence in favour of the null hypothesis, suggesting that age does not impact on
performance on the representative task (Panel A). Sequential Analysis shown in Panel B highlights that
the strength of evidence plateaus and becomes stable from participant 12 onwards.
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Figure 4: Moderate evidence in favour of the null hypothesis, suggesting that age does not impact on QE
duration on the representative task (Panel A). Sequential Analysis shown in Panel B highlights that the
strength of evidence plateaus and becomes stable from participant 11 onwards.
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Figure 5: Percentage putting success (Mean and 95% Cl) as a function of Quiet Eye duration. Quiet Eye
duration was split into quartiles for each participant. On average performance steadily increases in line
with increasing Quiet Eye duration from quartile 1 to quartile 3 and then declines in the last quatrtile.
Confidence intervals indicate a large degree of variability in performance across participants.
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