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Abstract
Skilled anticipation is underpinned by the ability to synthesise high- (e.g., context) and
low-level (e.g., biological motion) processes. While researchers have highlighted the
effect of physiological load on the pick-up of biological motion from an opponent’s
kinematics, how such stress affects the use of contextual information has remained
unexplored. In this paper, we conducted an experiment to examine how a fatigue-
inducing, cricket-specific exercise protocol affects the use of contextual and kinematic
information during anticipation. Altogether, 13 skilled batters completed a validated
simulated cricket batting task designed to induce physiological responses representative
of competition. Before, after, and during the exercise protocol, participants anticipated
the end location of bowling deliveries that presented either opponent kinematics,
contextual information (field positioning and game situation), or both. Anticipation
responses were more accurate during the exercise protocol than at rest. Also, responses
were more accurate when contextual information was available compared with when
only kinematic cues were presented. Moreover, from the beginning to the end of the
protocol, anticipation responses decreased in accuracy in those conditions in which
contextual information was presented and increased in accuracy when only kinematic
cues were available. We interpret the findings relative to Attentional Control Theory
(Eysenck et al., 2007). Findings highlight the complex nature of expert sports
performance and indicate that the effect of domain-specific exercise on anticipation is

dependent on the physiological load experienced and the type of information available.

Keywords: Perceptual-cognitive skill; fatigue; expertise; cricket.
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The Effect of Domain-Specific Exercise on High- and Low-Level Cognitive Processing
during Anticipation
The extreme time constraints associated with interceptive tasks like cricket batting are
such that, to respond effectively, athletes must judge the outcome of the delivery before
the ball has left the bowler’s hand (Miiller & Abernethy, 2012; Regan, 1997; Runswick
et al., 2020). To perform the task successfully, skilled batters use a combination of
contextual information and kinematic cues (Runswick et al., 2020). Contextual
information, derived from sources such as the placement of opponent fielders or game
score, is associated with high-level cognitive processing as it is driven by prior
experiences and the likelihood of different potential event outcomes (Murphy et al.,
2016; Runswick et al., 2018a). Kinematic cues, such as the opponent’s shoulder rotation
or wrist flexion, likely engage lower-level cognitive processes with the performer
picking up and utilising environmental cues, specifically biological motion, to inform
their responses (Cocks et al., 2015; Ward et al., 2002). To make the challenge more
complex, the need to engage with these processes varies over the course of an entire
competitive encounter, during which batters are likely to experience increasing levels of
physical and mental fatigue. While there have been efforts to examine how anticipation
is affected by increased physiological demand (e.g., Alder et al., 2019; 2021; Casanova
et al., 2022), to date researchers have focused on the pick-up of low-level environmental
cues at the expense of higher-level cognitive processes (Murphy et al., 2019a). Given
that expert performance is underpinned by the ability to synthesise high- and low-level
processes (Murphy et al., 2016; Roca et al., 2013; Runswick et al., 2018a), we examined
the effect of varying physiological demand as simulated using a cricket batting task on

the use of contextual and kinematic information during anticipation.
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Anticipation is underpinned by the ability to utilise contextual and kinematic
sources of information (Farrow & Reid, 2012; Loffing & Hagemann, 2014; Runswick et
al., 2018b). While expert performers can use the above sources of information in
isolation of one another (Murphy et al., 2018; Runswick et al., 2018b), the ability to
effectively process and integrate contextual and kinematic information sources appears
crucial (Gray & Caiial-Bruland, 2018; Helm et al., 2020; Murphy et al., 2019b). When
congruent with emerging kinematic cues, contextual information enhances anticipation,
but when incongruent, context can impede anticipation (Mann et al., 2014). However,
while some researchers have demonstrated that incongruence between context and
kinematics negatively affects skilled anticipation (e.g., Jackson et al., 2020; Loffing et
al., 2015; Runswick et al., 2018b), others have shown that any negative effect related to
the incongruence between different information sources is minimal due to skilled
athletes’ ability to integrate and effectively prioritise information sources based on their
reliability (Gredin et al., 2018; Miller et al., 2022).

The level of processing associated with the use of contextual and kinematic
information sources has been shown to differ. Runswick et al. (2018a) collected
retrospective verbal reports of thoughts from skilled cricket batters after viewing
footage of cricket bowling deliveries that were presented either with or without
contextual information related to the game situation and field positioning of the
opposition players. When provided with the preceding context, the batters reported
thoughts that indicated engagement with more higher-level cognitive processing of
information such as evaluation and deep planning when compared with when only
kinematic cues were presented (see also McRobert et al., 2011). This fundamental

understanding of the levels of processing associated with the use of different
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PHYSIOLOGICAL LOAD AND ANTICIPATION IN CRICKET 5)

information sources may explain how anticipation is influenced by stressors such as
anxiety and fatigue.

As well as needing to adapt to the time constraints associated with high-speed
striking tasks, expert cricket batters have to deal with the physical demands of
competition. A successful “innings” can involve the batter performing in excess of 3.5
hours, covering a distance of approximately nine kilometres, without frequent rest
periods (Petersen et al., 2010). During this time, batters must perform multiple
moderate- and high-intensity sprints between the wickets to score runs, placing
significant demand on the neuromuscular system. Such physiological load is likely to
negatively affect anticipation, particularly in the latter phases of competition when the
load is highest (e.g., Alder et al., 2019; Casanova et al., 2013; Klatt & Smeeton, 2021).

Alder et al. (2019) observed that, while completing a badminton-specific
intermittent exercise protocol, expert badminton players’ anticipation of overhead
smash shots was unaffected until the final of six blocks of the protocol, at which point
there was a significant deterioration in response accuracy. Mental effort increased over
the course of the protocol alongside an increase in the number of visual fixations made
per second, as evidenced through self-report and gaze data, respectively. Processing
Efficiency Theory (PET; Eysenck & Calvo, 1992), which was proposed to explain the
effect of anxiety on performance, suggests that the increased load resulting from the
exercise protocol could be compensated for by devoting more mental effort to the task,
but only up to a certain point (i.e., maintained performance effectiveness but reduced
processing efficiency). In the final block of the protocol, however, the load experienced
exceeded the attentional resources required to maintain goal-directed behaviour (in this
instance, effectively attending to task-relevant kinematic cues to anticipate the action

outcome, cf. Casanova et al., 2013). While these findings provide an insight into how
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domain-specific exercise affects attention, contextual information was omitted from the
design. Because effective anticipation is dependent on a combination of low- and high-
level cognitive processes, from a theoretical perspective, there is a need to investigate
how domain-specific exercise impacts the use of kinematic and contextual information
sources.

Given the need to perform under increased physiological load across a range of
sports and other domains, the exercise-cognition interaction has received much research
attention (e.g., Cantelon & Giles, 2021; McMorris & Hale, 2015; Sudo et al., 2022).
While contrasting findings do exist (e.g., Moreau & Chou, 2019), researchers have
proposed an inverted-U relationship between exercise intensity and cognitive
performance (Chang et al., 2012; McMorris, 2021), with moderate- and high-intensity
exercise enhancing and impairing performance, respectively. Exercise yields metabolic,
circulatory, and neurohormonal changes (Ide & Secher, 2000; Ogoh et al., 2014; Seifert
& Secher, 2011), which in turn lead to increased brain activation in regions including,
but not limited to, working memory, perception, and attention (Purves et al., 2001).
While at moderate intensity, increases in brain activity appear to enhance cognitive
performance, a drop in performance has been observed under high intensity, attributed
to the brain’s finite resources (Dietrich & Audiffren, 2011; McMorris, 2021). In the
psychology literature, Attentional Control Theory (ACT; Eysenck et al., 2007) has been
proposed to build on Eysenck and Calvo’s (1992) PET by explaining how anxiety
affects performance. Similar to how inverted-U theories were proposed to explain
exercise effects on cognitive performance, ACT was proposed to explain how skilled
performers’ attentional resources and subsequent performances are influenced under

increased load or stress. Most recently, researchers have sought to test the predictions of
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ACT in relation to the effects of physiological load on performance (e.g., see Alder et
al., 2021).

ACT suggests that, in addition to processing efficiency being affected to a
greater extent than performance effectiveness (in line with PET), under anxiety,
attentional resources are directed towards threat-related stimuli. As a result, a shift from
goal-directed to stimulus-driven attention occurs, implying that the ability to engage in
higher- and lower-level cognitive processing is impaired and enhanced, respectively
(Corbetta & Schulman, 2002; Eysenck et al., 2007). Cocks et al. (2015) provided
support for this proposed shift in attentional systems when tennis players were required
to anticipate under anxiety (see also Vater et al., 2015). Skilled tennis players were
presented with footage from professional tennis matches that had been manipulated to
display kinematic information only (video footage showing only the opponent striking
the ball), contextual information only (the players were replaced by animated sticks to
present only player positioning and shot sequencing), and both information sources
(videos of the actual rallies played). While anxiety led to a significant drop in response
accuracy when presented only with contextual information, performance was
maintained if kinematic cues were available. Because contextual and kinematic
information are associated with higher- and lower-level cognitive processing
respectively, the researchers suggested that anxiety caused disengagement of goal-
directed in favour of stimulus-driven attentional control. However, research is needed to
determine whether such a shift in attentional systems underpins anticipation under
increased physiological load.

It is important that scientists examine the effect of physiological load on
anticipation using task demands that are representative of the competitive environment

(Ericsson et al. 1993, Pinder et al., 2011). However, with few exceptions (e.g., Alder et
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al., 2019), researchers have employed non-domain-specific exercise protocols in which
the way that physiological load is induced differs from what is experienced in
competition (Schapschrger et al., 2016). Moreover, although skilled anticipation in
striking sports is dependent on the exploitation of multiple information sources (Connor
et al., 2020; Runswick et al., 2018b), our understanding of the effects of physiological
load on anticipation is limited to the pick-up and utilisation of low-level kinematic cues.
Therefore, in this paper, we examine the effect of a simulated cricket batting innings on
the use of contextual and kinematic information during skilled anticipation. We
employed an adapted version of the cricket-specific batting exercise (BATEX)
simulation (Houghton et al., 2011) to induce physiological load over time. Participants
took part in a video-based anticipation task in which kinematic information, contextual
information, or both, were presented. The task was to predict the location at which the
deliveries would pass the wicket based on the information available. The experiment
consisted of eight blocks of trials in total, one before and one after the adapted BATEX
protocol, acting as baseline data, with the remaining six integrated over the course of the
protocol. Physiological measures such as heart rate (HR) and ratings of perceived
exertion (RPE; Borg, 1998) were taken to ensure the adapted BATEX protocol
increased physiological load, while the degree of mental effort required when
completing the anticipation task was recorded to provide an indication of processing
efficiency.

First, based on previous research highlighting the detrimental effects of
physiological load on anticipation (e.g., Alder et al., 2021; Casanova et al., 2013), we
hypothesised that anticipation responses would be less accurate at increasing workloads
relative to rest. Second, we expected that anticipation responses would be most accurate

when both kinematic and contextual information were available in comparison to when
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these sources were presented in isolation (Gredin et al., 2018; Murphy et al., 2016;
Runswick et al., 2018a). We made further hypotheses as to observed effects during the
adapted BATEX protocol. Based on previous research investigating the effect of a
sport-specific exercise protocol on anticipation (Alder et al., 2019), we expected
differences from the beginning to the end of the protocol. Alder et al. (2019) observed a
drop in performance in the final of six blocks of a badminton-specific fatiguing
protocol. However, given the information sources presented in the current experiment,
and our interest in testing the predictions of ACT, we based our hypotheses on the
findings of Cocks et al. (2015). We therefore expected anticipation accuracy to remain
stable from the first to the final block of the adapted BATEX protocol when kinematic
cues were presented, but for anticipation to become less accurate when participants
were presented only with contextual information. We further expected mental effort to
increase over the course of the protocol, indicating a reduction in processing efficiency
(cf., Alder et al., 2019).

Materials and Methods
Participants
Based on the medium effect sizes reported by Alder et al. (2019), we conducted an a-
priori power calculation using PANGEA v0.2 (Westfall, 2014). Of primary interest to
us was the comparison of response accuracy across context conditions, from the
beginning to the end of the adapted BATEX protocol, as previously researchers had not
investigated how high- and low-level cognitive processing is affected by increased
physiological load (Alder et al., 2019; Casanova et al., 2013). The analysis revealed
that, for our 2 (Block [1, 6]) x 3 (Viewing Condition [Kinematics, Context, Combined])
interaction, thirteen participants would be sufficient to detect a medium effect size (0.5)

with a power of 0.8. Thirteen skilled male cricket players (Mage = 23.38, SD = 6.44) took
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221  part. Participants had 15.23 years (SD = 7.52) experience playing cricket and had all
222  played, or were currently playing, at county level or equivalent. Ethical approval was
223  provided by the lead researcher’s institution and all participants provided informed

224  consent.

225  Test Stimuli

226 We used the test stimuli employed by McRobert et al. (2009) and adapted by Runswick
227  etal. (2018a). Ten county level cricket bowlers (six fast and four spin bowlers) were
228  filmed bowling towards a camera positioned on the batting crease in such a way that the
229  typical viewing perspective of a batter was captured. The camera was set up at a height
230 of 1.7 m and positioned in line with the middle stump. Six deliveries per bowler were
231  recorded, representing a full over each, yielding 60 unique deliveries. A single block of
232 36 deliveries from Runswick et al. (2018a) was used with ten deliveries repeated, to
233  create a block of 46 deliveries to best fit within the BATEX protocol (explained in full
234 later). Trials were occluded immediately prior to hand-ball release. Contextual

235 information that was congruent with the outcome of the bowl was associated with each
236  delivery. A panel of three independent and qualified cricket coaches viewed each

237  delivery until the ball passed the wickets and agreed upon a game situation and field
238 that tactically aligned with the delivery. The coaching panel also certified that the

239  contextual information was not deceptive, ensuring congruence between the contextual
240  and kinematic information sources. Specifically, the game situation was made up of
241  information related to the game score, the number of overs bowled, the number of runs
242  scored, and the number of wickets taken at that point in the match (a one-day

243  international, 50 over match). The field information was in the form of a schematic

244  representation highlighting the positioning of each of the fielders relative to the wickets

245  (see Runswick et al., 2019). Trials were created to present three viewing conditions:
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context (game situation and field positioning only); kinematics (only the actual bowl
being delivered); or combined (contextual followed by kinematic information).
Procedure
Testing occurred in an indoor sports centre. Participants were informed that their task
was to imagine they were the batter and to judge where the bowler’s delivery would
pass the wicket. Prior to the experimental protocol beginning, participants viewed 6
familiarisation trials which provided two examples from each viewing condition. The
bowlers presented during the familiarisation trials were those bowling in the
experimental trials, however, the specific deliveries presented in the familiarisation
trials were not used in the experimental test stimuli. Experimental trials comprised of
137 trials with 10 of the trials being viewed twice per viewing condition. Experimental
trials were split into 8 blocks, namely, one baseline-pre block of 18 trials, one baseline-
post block of 18 trials, and six blocks making up 101 trials interspersed within the
adapted BATEX protocol. We randomised trial order and counterbalanced across
participants. We presented test stimuli on a 160 cm x 120 cm screen using a horizontal
keystone projector (Epson-X31, Japan), with participants standing approximately 5 m
from the screen. When required to respond (once the footage occluded), participants
marked on a piece of A4 paper where they anticipated the ball would pass the stumps on
a diagram scaled down eight times from life size. We measured radial error by
recording the distance between participants’ judged location and the correct ball
location. We then scaled back error to life size, highlighting how far the bat would have
been from the ball. No feedback was provided to participants.

To induce physiological load that was representative of cricket competition,
participants took part in an adapted version of the prolonged batting exercise (BATEX)

simulation (Houghton et al., 2011). The validated BATEX protocol is designed to
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simulate scoring a One-Day International century (i.e., 100 runs). Participants are
required to complete a series of runs between the wickets over the course of two hours,
20 minutes. The protocol is broken down into six consecutive, 21-minute blocks of five
overs (30 deliveries total), with participants required to run at different intensities to
represent the tempos associated with a competitive batting innings. Participants started
in a position behind the crease line, holding their bat. All running between the wickets
occurred over the length of a standard cricket pitch (17.68m, popping-crease to
popping-crease). Participants were instructed (via an audio recording of the BATEX
protocol) to run either singles (1 x 17.68m), 2s (2 x 17.68m), 3s (3 x 17.68m), or 4s (1.5
x 17.68m to represent the batter completing 1.5 runs before the ball crosses the
boundary). Stages 1, 3, and 5 were completed at participants’ “self-selected cruise
pace”, whereas stages 2, 4, and 6 were all completed at maximal speed. Participants had
35 seconds between deliveries and 80 seconds between overs, simulating the timings of
a match and allowing participants sufficient time to rehydrate if required (Houghton et
al., 2011). The original BATEX protocol required participants to physically bat a ball
projected from a bowling machine. However, for the purpose of this experiment, the
protocol was adapted to exclude the hitting component to minimise mental fatigue that
may develop through cognitive processing associated with tracking ball flight (Romeas
et al., 2019; Zhang et al., 2021). Over the course of the adapted BATEX protocol,
participants completed a total of 79 runs, which were interspersed with 101 dot balls
(i.e., those deliveries where no runs are scored). On dot balls, participants would move
away from the crease and respond to an experimental trial before returning to their
starting position (see Figure 1).

<<lInsert Figure 1 around here>>
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Participants wore full protective batting gear to mimic the demands of the
competitive environment. However, gloves were not worn to allow participants to
precisely complete a written response. To determine whether the BATEX protocol
impacted on physiological load, participants wore a heart rate (HR) monitor (Polar
M400, Kempele, Finland). HR was measured at baseline prior to participants warming
up and watching the Baseline-Pre trials. Participants were familiarised with, and
reported, their Rating of Perceived Exertion (Borg, 1998) at this point. RPE is a
validated measure of how hard participants feel their body is working (ranging from 6
to 20: no exertion at all to maximal exertion). Both measures were taken following each
block of the BATEX protocol and after the protocol had finished, immediately prior to
watching the Baseline-Post trials. Timing gates (Brower timing systems, USA) were
used to ensure participants’ physical efforts did not deteriorate during the experiment,
and that similar maximal sprint times were maintained throughout the protocol.

Finally, to determine how the level of mental effort required to complete the
anticipation task was affected by physiological load, participants reported their mental
effort on a visual analogue scale (measured from 0 to 100, with O representing little to
no mental effort to complete the task, 50 representing moderate mental effort to
complete the task, and 100 being maximal mental effort to complete the task).
Participants marked the level of mental effort required to complete the anticipation task
on the scale following each block of experimental test stimuli.

Data Analysis

First, to assess whether the adapted BATEX protocol was effective in increasing
physiological load, we analysed changes in RPE and HR across the eight blocks of the
protocol using a one-way Repeated Measures ANOVA. Next, to determine the effect of

physiological load on anticipation accuracy across the three viewing conditions, we
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conducted an 8 (Block [Baseline-Pre, 1, 2, 3, 4, 5, 6, Baseline-Post]) x 3 (Viewing
Condition [Kinematics, Context, Combined]) ANOVA. Because we hypothesised that a
shift from the use of higher-level contextual to lower-level kinematic information would
occur from the beginning to the end of the adapted BATEX protocol, we conducted a
planned 2 (Block [1, 6]) x 3 (Viewing Condition [Kinematics, Context, Combined])
Repeated Measures ANOVA. Finally, to assess changes in mental effort involved in the
anticipation task over the course of the experiment, we conducted a further one-way
Repeated Measures ANOVA. In the case of violations of Mauchly’s test of sphericity,
we employed the Greenhouse-Geisser correction. Alpha (p) was set at .05 and

Bonferroni adjustments were made to account for family-wise error in the case of

multiple pairwise comparisons. Effect sizes were reported using partial eta squared (775)

and Cohen’s d values.
Results
Physiological Responses

The mean (SD) RPE and HR data are presented in Table 1. ANOVA revealed a main

effect of Block on RPE, F (3.73, 44.75) = 110.64, p < .05, 775 = 0.90. RPE was lowest

during the baseline-pre (M = 7.00, SD = 1.55) and baseline-post (M = 9.50, SD = 1.22)
phases and highest following the final block of the protocol (M = 17.33, SD = 1.86).
Moreover, RPE increased over the course of the adapted BATEX protocol but was
lower in the self-selected cruise pace blocks (Blocks 1, 3, and 5) which preceded the

maximal speed blocks (Blocks 2, 4, and 6). A main effect of Block on HR was

observed, F (7, 77) = 113.53, p < .05, nrf =0.91. Similarly, HR was lowest during the

baseline-pre (M = 81.33, SD = 13.81) and baseline-post (M = 113.50, SD = 11.57)

blocks with an increase in HR observed over the course of the protocol, peaking during
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the final block (M =172.33, SD = 11.40). HR was also lower following the self-selected
cruise pace blocks than the maximal speed blocks of the protocol.
<<lInsert Table 1 around here>>
Anticipation Accuracy
The anticipation accuracy data (M, SE radial error) are presented in Figure 2. The 8

(Block) x 3 (Viewing Condition) repeated measures ANOVA revealed a main effect of

Block, F (3.78, 45.40) = 2.89, p < .05, 775 = 0.19. Overall, radial error was higher at rest

(during the baseline periods, M = 42.28, SD = 8.60 cm) than during the BATEX
protocol (M =39.11, SD = 9.56 cm). Bonferroni-corrected post-hoc comparisons
revealed that, specifically, participants were less accurate during the baseline-post block
(M =43.97, SD = 1.94 cm) compared with Block 4 (M = 38.70, SD = 2.15 cm, d = 0.48)

and 5 (M =38.95, SD = 1.77 cm, d = 0.58, both p < .05). A main effect of Viewing

Condition was observed, F (1.36, 16.36) = 14.99, p < .05, 775 = 0.56. Participants were

more accurate in the context (M = 37.85, SD = 1.44 cm, d = 0.60) and combined (M =
38.70, SD = 1.68 cm, d = 0.50) conditions than in the kinematics only (M = 43.30, SD =
1.15 cm) condition, with no differences observed between the two conditions containing
contextual information. The Block x Viewing Condition interaction was not significant.
<<lInsert Figure 2 around here>>

To test our a priori prediction that a shift from the use of higher-level contextual
information to lower-level kinematic cues would occur when participants were
experiencing high levels of physiological load, we ran a further 2 (Block [1, 6]) x 3

(Viewing Condition [Context, Kinematics, Combined]) repeated measures ANOVA. A
main effect of Viewing Condition was observed, F (2, 24) = 6.04, p < .05, 775 =0.34,

with the context (M = 36.69, SD = 6.84 cm, d =.89) and combined (M = 37.39, SD =

7.90 cm) conditions again yielding higher accuracy scores than the kinematics condition
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(M =42.49, SD = 6.31 cm, d = 0.71). However, this effect was superseded by a Block x
Viewing Condition interaction, F (2, 24) = 3.44, p < .05, 77§ = 0.22. When viewing

trials presenting only kinematic information, anticipation accuracy increased from
Block 1 (M =44.33, SD =4.11 cm) to Block 6 (M = 40.65, SD = 7.66 cm, d = 0.60). In
contrast, in the context and combined conditions, anticipation accuracy decreased from
Block 1 (Context: M = 34.54, SD = 6.07 cm; Combined: M = 35.09, SD = 3.54 cm) to
Block 6 (Context: M = 38.83, SD = 7.12 cm, d = 0.65; Combined: M = 39.69, SD =
10.30 cm, d = 0.60).

Mental Effort

The ratings of mental effort (M, SD) are presented in Table 1. There was a main effect

of Block on mental effort, F (2.15, 23.58) = 6.05, p < .05, 77,% = 0.36. Mental effort was

higher when viewing trials during the later blocks of the adapted BATEX protocol than
at other points. Specifically, mental effort was higher in Block 4 than Block 1 (p < .05,
d =0.98). Mental effort was also higher in Block 5 than Baseline-Pre (p < .05, d =
0.82), Block 1 (p <.05,d =1.31), Block 2 (p < .05, d = 1.08), and Block 3 (p < .05,d =
0.83). Finally, mental effort was higher in Block 6 than Block 2 (p < .05, d = 1.27) and
Block 3 (p <.05,d = 1.06).

Discussion
We examined the effect of cricket-specific exercise on the ability of skilled cricket
batters to utilise kinematic and contextual information to anticipate the end location of
bowling deliveries. We hypothesised that response accuracy would be lower during the
adapted BATEX protocol than at rest (Alder et al., 2021; Casanova et al., 2013), and
that response accuracy would be highest when contextual and kinematic information
were available (Murphy et al., 2016; Runswick et al., 2018a). We further hypothesised,

based on ACT (Eysenck et al., 2007) and supporting research (Cocks et al., 2015), that
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from the beginning to the end of the adapted BATEX protocol, response accuracy
would remain stable in the kinematic and combined conditions, but drop in the context
condition. Finally, we expected an increase in mental effort to occur over the course of
the protocol (Alder et al., 2019).

Contrary to our first hypothesis, response accuracy was higher during the
adapted BATEX protocol than at rest. We had expected that the level of physiological
load resulting from the protocol would have a negative effect on performance. However,
the effect of physiological load on perceptual-cognitive skill appears to be dependent on
the degree of load experienced. While high physiological load appears to yield
detrimental effects (e.g., Alder et al., 2021; Casanova et al., 2013; Casanova et al.,
2022), moderate load has been shown to have a positive effect on anticipation (Alder et
al., 2019). Exercise leads to increased arousal levels and, as per inverted-U theories
(e.g., Chang et al., 2012; Easterbrook, 1959; McMorris, 2021), while moderate levels of
arousal optimise performance, high levels detrimentally affect attention and cognition
(Brisswalter et al., 2002; Hutterman & Memmert, 2012). Given that the adapted
BATEX protocol is made up of three bouts each of self-selected cruise pace and
maximal speed exercise, the moderate load participants experienced (Mnr = 137.00, SD
= 25.82; Mrpe = 13.96, SD = 2.70) during the protocol yielded positive effects, overall.
However, while the current experiment was designed to represent the physical demands
of competitive cricket (Pinder et al., 2011), it lacked the sensitivity to compare across
clearly defined levels of physiological load. In future, there would be value in
systematically investigating the effect of different levels of physiological load on the
processes underpinning anticipation (Alder et al., 2021; McMorris & Hale, 2015).

In line with our second hypothesis, the combined condition yielded higher

response accuracy than the kinematic condition. This finding was expected, as
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previously researchers have demonstrated that the availability of contextual information
enhances anticipation when the contextual and kinematic sources are congruent with
one another, as was the case in this experiment (Gredin et al., 2018; Muller et al., 2022;
Runswick et al., 2019). This finding further highlights the multidimensional nature of
expert anticipation (Cafial-Bruland & Mann, 2015; Runswick et al., 2020), and the
importance of employing test stimuli that more fully represent the information sources
available in competition than has been employed to date (Ericsson et al., 1993; Pinder et
al., 2011). The skilled batters were able to integrate contextual and kinematic cues to
anticipate more effectively than when relying purely on opponent kinematics (Gredin et
al., 2018; Gredin et al., 2020; Runswick et al., 2020). However, it is possible that
performance was enhanced not by the integration of contextual and kinematic cues, but
because of greater reliance on what was deemed more reliable contextual information.
Response accuracy in the context condition being higher than in the kinematics only
condition but no different to the combined condition suggests this to be a strong
possibility. This finding is important because, while previously researchers have shown
that skilled anticipation during cricket batting can be equally as accurate when presented
solely with contextual information as when kinematic cues are also available (Muller et
al., 2022; Runswick et al., 2018b), it is the first paper, to our knowledge to show that
contextual information may facilitate anticipation to a greater extent than kinematic
cues when either source is presented in isolation. It is likely though, that reliance on,
and the utility of different information sources, varies between sports (e.g., for
contrasting findings in tennis, see Cocks et al., 2015), and situations within sports
(McRobert et al., 2011; Roca et al., 2013).

When comparing the final to the first block of the adapted BATEX protocol, we

observed a drop in response accuracy in both the context and combined conditions, and
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an increase in accuracy in the kinematics condition. This finding aligns with ACT
(Eysenck et al., 2007), which proposes a shift from goal-directed to stimulus-driven
attentional control under increased load. The elevated levels of physiological load
experienced towards the end of the protocol appear to have led to a reduction in the
ability of skilled batters to engage in high-level cognitive processing of contextual
information, and an increased ability to engage in low-level processing of kinematic
cues. While we speculate that our findings indicate a shift in attentional control, in
future, researchers should incorporate the collection of gaze data to verify this
suggestion (e.g., Alder et al., 2021; Vater et al., 2015; Wilson et al., 2009).

Our findings contrast somewhat with those of Cocks et al. (2015), who observed
that anxiety detrimentally affected performance only when participants were
constrained to anticipate based on context alone. No such effect was observed when
participants were presented with kinematics alone or a combination of both context and
kinematics. When viewing tennis rallies, players remained robust to anxiety when both
information sources were presented, suggesting a shift towards the use of low-level
kinematic cues was beneficial to maintaining performance. In the current experiment,
under increased physiological load, anticipation accuracy was enhanced when
constrained to utilise kinematic cues in isolation but impeded in both conditions when
contextual information was available (i.e., in the context and combined conditions). It
follows that the impact of stressors such as anxiety or physiological load may be task-
dependent, with the relative reliability of information sources influencing how their use
and subsequently, performance, is affected. In tennis rallies (Cocks et al., 2015), a
greater weighting on kinematic over contextual information may have meant that a
reduction in players’ ability to engage in high-level cognitive processing did not impact

performance when both information sources were available. In contrast, when batting,
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skilled cricket players may deem contextual information to be more reliable than
kinematic cues, meaning a reduced ability to engage in higher-level cognitive
processing yielded a drop in performance. This interpretation is supported by higher
accuracy scores being observed when viewing kinematic information alone or
contextual information alone in the Cocks et al. (2015) paper and the current
experiment, respectively.

The degree of mental effort participants required to complete the anticipation
task was higher in the later compared with the earlier stages of the protocol or prior to
commencing the protocol. In support of ACT (Eysenck et al., 2007), to account for the
increased attentional demands imposed by the adapted BATEX protocol, participants
maintained performance levels through investment of greater mental effort
(maintenance of goal-directed behaviour at the expense of processing efficiency). While
this finding aligns with those of Alder et al. (2019), increased physiological load
resulting from sport-specific exercise had differential effects on the use of low-level
kinematic cues across both experiments. Alder et al. (2019) observed that the ability of
skilled badminton players to pick up kinematic cues to anticipate the end location of
overhead smash shots in badminton dropped under high physiological load, whereas our
findings suggest a reduced ability to utilise contextual information but an enhanced
ability to utilise kinematic cues. While further investigation of the cause of this
difference is required, we tentatively suggest that it may arise due to the requirements of
effective anticipation across the different sports. For example, while a more global
strategy for picking up kinematic information has been deemed important for
anticipating striking actions such as tennis serves or forehands (e.g., Huys et al., 2009;
Jackson & Mogan, 2007), it is the pick-up of local information from the arm-hand

region that seems critical for effective anticipation when batting in cricket (Muller et al.,
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2006; Muller et al., 2010). Therefore, the attentional narrowing that results from high
physiological load (Easterbrook, 1959; Hitterman & Memmert, 2012) may impair
anticipation in some tasks and enhance it in others.

Several implications emerge from this research. First, the adapted BATEX
protocol, which appeared to elucidate, on average, moderate levels of physiological
load, had a positive effect on the ability of skilled cricket batters to anticipate opponent
intentions. Therefore, not only can physical warm-ups yield more effective physical
performance (Fradkin et al., 2010; Silva et al., 2018) but the associated physiological
stimulus may act to prime the athlete for perceptual-cognitive-motor performance. In
sports like cricket, the moment at which batters will be required to bat is unpredictable.
However, given that our findings highlight better anticipation when active than at rest,
batters should aim to engage in cricket-specific exercise immediately prior to
performing. Second, in the current experiment, the ability to utilise kinematic cues was
enhanced under high physiological load, while performance dropped when contextual
information was presented. These findings appear to suggest that directing attention
towards kinematic information, as opposed to contextual information, could prove to be
an effective strategy for sustaining performance under periods of fatigue. However,
despite the drop in performance when contextual information was available,
performance levels in the final block of the exercise protocol did not differ across
viewing conditions. Given that, over the course of the experiment, anticipation accuracy
was highest when contextual information was available, we propose that researchers
should focus on devising training methods that practitioners can employ to enhance
athletes’ robustness to physiological load, such that a combination of low- and high-
level cognitive processing can be effectively maintained after prolonged periods of

domain-specific exercise. While researchers have demonstrated that training under
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physical load (Alder et al., 2019) can develop anticipation skills that are more robust to
similar demands in future, the focus to date has been on the pick-up of low-level
kinematic cues. However, should the opponent be effective in displaying deceptive
intent, which reduces skilled athletes’ ability to anticipate based on kinematic cues
(Jackson et al., 2018; Jackson et al., 2020; Ramsey et al., 2022), effective utilisation of
contextual information will be critical.

The experiment we conducted is not without limitations. The pen-and-paper
response resulted in a decoupling of perception and action, potentially reducing the
extent to which findings represent expert performance in the competitive environment
(Mann et al., 2010; van der Kamp et al., 2008). However, much of our knowledge of
skilled performance has emerged from studies using verbal (Crowther et al., 2023),
written (Runswick et al., 2018b) or button press responses (Mann et al., 2014) and
psychologists are increasingly acknowledging the cognition-action interaction that
underpins skilled motor performance (Christensen et al., 2016; Wang et al., 2021). We
therefore suggest that our approach is warranted to advance our understanding of
anticipation, especially considering the current challenges associated with exploring this
issue while maintaining perception-action couplings. The use of a validated batting
simulation (Houghton et al., 2011) to increase physiological load means that we can be
confident that the physical demands of the task were representative of the competitive
environment. Moreover, researchers have highlighted the importance of representative
test stimuli (Kalén et al., 2021), which we achieved through the presentation of life-size
images and incorporation of information sources that would be available in the
competitive environment. On this note, in future, researchers could increase the
representative nature of the test stimuli. For example, for reasons of control, we

randomised the presentation of the bowlers to participants. However, in the real word,
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bowlers will have the opportunity to pick up contextual information about bowler
tendencies as they become familiar with them over a series of sequential bowls
(McRobert et al., 2011).

Another limitation lies in the way mental effort was measured. Because mental
effort was measured after each block rather than each trial (due to time constraints), the
rating only provided an indication of how mental effort changed over the course of the
experiment, irrespective of viewing condition. Being able to compare how mental effort
changed over the course of the experiment in the different viewing conditions would
have allowed us to assess the extent to which ACT can explain the effects of
physiological load on anticipation more confidently. For example, we would expect
mental effort to be higher when using contextual information alone to anticipate, due to
the need to engage with more higher-level cognitive processes to form judgements
(Cocks et al., 2015). An interesting avenue for future research would therefore be to
investigate how processing efficiency, specifically, varies during incremental bouts of
exercise when individuals are presented with information sources requiring low- and
high-level cognitive processing.

To conclude, we have demonstrated that the effect of sport-specific exercise on
skilled anticipation appears dependent on the degree of load and the type of information
employed. In line with ACT, under high physiological load a shift from goal-directed to
stimulus-driven attention was evident, impairing and enhancing performance when
higher-level contextual information was, or was not, presented, respectively. In future,
research is required to investigate the effect of physiological load on anticipation in
tasks that differ in their requirements for effective anticipation (e.g., when the reliability
of information sources differ). Our findings provide further evidence of the complex

nature of expert sports performance.
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Table 1. Mean (SD) RPE, HR, and mental effort across blocks of the adapted BATEX

protocol.
Block

Bas;rléne 5 3 4 5 5 Ba;zl;tne
RPE M 7.00 1050 13.67 1250 16.00 13.67 17.33 9.50
SD 1.55 055 082 152 110 175 186 1.22
HR M 81.33  118.00 144.33 122.00 157.17 140.33 172.33 113.50
SD 13.81 1249 2480 2270 1830 12.86 1140 1157
Mental M 4165  34.62 4054 43.17 5246 58.00 6554  57.38
effort  spD 22.68 18.89 1535 18.73 17.40 16.87 23.30 31.73
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Figure Captions
Figure 1. Testing set-up

Figure 2. Mean (SE) radial error (cm) over blocks and across viewing conditions.
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