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Abstract: Exploring pacing behaviour in people with intellectual disabilities (ID) in competition will
help to better understand the impact of cognition and social environment in sports, providing support
for the shaping of proper inclusive sports environments. The present experimental study aimed to
(1) compare the pacing behaviour and performance between people with and without ID who are
inexperienced in cycling and (2) investigate how these are influenced by an opponent. Participants
with (n = 8) and without ID (n = 10) performed two randomised 4-km maximal cycling trials, alone
and against an opponent. Non-parametric tests for repeated measures data (p ≤ 0.05) revealed that
people with ID cycled slower, but with higher inter-individual variation (both conditions) and paced
themselves differently compared to people without ID when competing against an opponent. In
contrast to the previous literature in athletes without ID, the presence of a faster opponent resulted in
a decrease in the performance in the participants with ID. The negative influence of the opponent
highlights the potential difficulties people with ID experience to adequately use their opponents
to enhance their self-regulatory processes and optimize their pacing and performance in maximal
exercise trials. Coaches who want to offer inclusive sports environments for people with ID could
take these findings into consideration.
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1. Introduction

Many people with intellectual disabilities (ID) want to progress in their chosen sport,
improve their sport-related skills, and become better athletes [1]. Thus, it is the responsi-
bility of an inclusive society to ensure that people with ID can participate and compete
in the sport of their choice and master their sports performance [2,3]. However, as many
people with ID are prone to being marginalized and stigmatized, their inclusion in sports is
still challenging. Thus, inclusive sports environments where people with ID can partici-
pate, improve their skills, and compete are limited [4]. Recent findings have revealed that
coaches often do not know how to appropriately coach people with ID and how to adapt
their behaviour to the specific needs of this population [1,5]. It also seems that coaches
are struggling to offer appropriate sports environments to people with ID to develop and
improve their sport-related skills [1]. Thus, more research in the sports performance of
people with ID could offer the appropriate knowledge to efficiently support and appropri-
ately coach this population [1]. It could also facilitate their inclusion in sports competitions
through a better understanding of the impact of cognition on sporting performance [3,6].

People with ID deal with intellectual (IQ ≤ 70) and adaptive skills limitations (practical,
social, and conceptual skills), which manifest before the age of 18 years old [7,8]. Their
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adaptive limitations result in lower sports achievements [9] and impaired technical aspects
of sports performance including impaired pacing skills in athletics and cycling [3,6,10].

Pacing in sports is the goal-directed, self-regulatory process in which athletes have to
decide how they will distribute their limited energy resources during a race [11,12] and it
is characterised as a critical component of sports performance [13,14]. The outcome of this
process is termed as the athletes’ pacing behaviour (e.g., cyclists adapt their velocity during
the race to reach the finish before their competitor) [15]. During sporting competitions,
athletes are constantly looking for information to monitor and self-control their pacing
behaviour [16]. The presence of opponents, a well-known competitive scenario in sports,
has been shown to impact on this process [17,18]. Through the coupling of perception and
action, opponents act as visual stimuli (social affordances) and provide visual guidance and
feedback during sports trials and invite athletes to adapt their pacing behaviour [11,17–19].
Interestingly, even though we have consistently found that athletes perform better when
they compete against an opponent compared to alone, they rated their perceived exertion
similarly in both conditions [20,21]. Thus, opponents may act as social placebos, motivate
athletes, and help them to better regulate their effort and the negative perceptions of fatigue
(through distraction/dissociation) [20–24].

The studies above focused on athletes without ID, while the pacing behaviour of
people with ID has received limited attention in the literature. A recent study showed
the impact of cognition and social environment in pacing skills [10]. However, it is still
unknown as to how the social environment influences time trials at maximal intensity,
and if people with ID can adequately respond to their opponents and appropriately pace
their actions in a competitive situation. It has been proposed that decision-making in
pacing is based on intuitive (responses to the environment) and/or deliberate (pre-planned)
responses [25]. Previous research in basketball [26] has revealed that people with ID
mainly engage in intuitive decision-making, where the social environment (e.g., opponents)
offers visual guidance during the sports activity. Due to this interdependency and the
difficulties of most people with ID to regulate their pacing, which has been demonstrated in
athletics [6,10], opponents could be a beneficial pacing and performance facilitator for this
population. More specifically, they could provide direct pacing feedback during a time trial,
act as external distractions, and positively influence the affective responses of people with
ID [11,24]. Due to the high levels of ego orientation [27], many people with ID are likely to
be motivated by their opponents and use the competition to demonstrate competence [28].
Further investigation of the pacing behaviour of this population in different competitive
environments (e.g., with and without opponents) in sports where pacing is critical (e.g.,
cycling) could help us better understand the impact of cognition in sport performance and
how people with ID respond to different social situations. It will also provide information
to coaches on how to appropriately train and develop the pacing skills and performance of
people with ID in an inclusive sport environment [29].

Based on all of the above, this paper aimed to: (1) investigate the performance and
pacing behaviour differences of people with and without ID during a maximal cycling time
trial and (2) explore the influence of a competitive opponent on the cycling performance
and pacing behaviour of people with and without ID. Due to the impact of ID on sports
performance [6,30], we hypothesise that people without ID will perform better in all cycling
trials compared to people with ID. Due to the cognitive nature of pacing [10,31] and the cog-
nitive deficits of people with ID (e.g., decision-making) [7], we expect that people with and
without ID will pace themselves differently when they cycle alone (without an opponent).
Moreover, as previous studies have revealed, the presence of an opponent (‘head-to-head’
trial) is expected to positively influence the pacing behaviour and performance of people
without ID [17,22,32]. Due to the pacing limitations of people with ID, we hypothesise
that the role of the opponent will be even more beneficial in this population, and will offer
self-regulatory guidance and assistance to improve the pacing behaviour and performance
of people with ID at head-to-head trials [24].
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2. Materials and Methods
2.1. Participants

After obtaining ethical approval by the university’s Ethics Board (reference number:
15,746), participants were recruited through charities, sports clubs, and sports organisations
via phone calls and emails. Eight people with (seven males and one female; mean age = 37,
SD = 8 years; ages ranged from 27 to 52 years) and ten people without ID (six males and
four females; mean age = 24, SD = 2 years; ages ranged from 20 to 28 years) consented
verbally and in writing to partake in our research study. An information letter written
in ‘easy read’ language was provided to participants with ID. Due to the vulnerability of
the participants with ID, the researchers provided an additional information letter to their
legal guardians and also asked for their written consent prior to the participation of their
protected person in the study.

Our purpose was to recruit participants with and without ID with similar exercise
levels, thus we administered the International Physical Activity Questionnaire-short form
(IPAQ-short form) [33]. The IPAQ-short form estimates the participants’ exercise levels and
is a valid and reliable instrument [33] for people without ID, while it also seems promising
for people with ID [34]. To further ensure that the IPAQ-short form was appropriately
completed, participants with ID completed it along with their parents, legal guardians,
and/or carers. We recruited only moderate to highly active adult participants who were
unfamiliar with (competitive) cycling trials. This means that the participants engaged
in some type of physical activity (walking, moderate and/or vigorous intensity physical
activity) at least 5 days per week and their weekly sum of MET-mins was more than 600 [33].
It is also worth reporting that the weekly sum of MET-mins was 3195.1 ± 2321.5 for the
participants with ID and 2751.6 ± 1131.5 for the participants without ID. All participants
engaged in some type of sport and exercise activity such as football, golf, badminton
running, and dancing.

Moreover, participants with ID met the criteria for ID diagnosis as set by the British
Psychological Society [7]: limitations in adaptive and intellectual functioning (IQ ≤ 70)
and limitations in conceptual, practical, and social skills that manifested before the age of
18 years old. The ID diagnosis was established by a certified psychologist from the National
Health Service (NHS) in England, and was confirmed by the participants’ parents, legal
guardians, and/or carers. Additionally, all the participants with ID were recruited from
charities for people with ID. People with severe ID and people who could not understand
the activities’ concept and/or instructions were excluded from the study. Prior to testing, the
participants (legal guardians and researchers assisted the participants with ID) completed
the Physical Active Readiness Questionnaire+ (PARQ+) [35–37]. Participants with any
related chronic health conditions that may be contraindicated or exacerbated by cycling
and/or participants with physical impairments were excluded. Two people with ID were
excluded from the study due to their chronic health conditions. None of the 18 participants
had a chronic health condition.

2.2. Procedure

All participants visited the laboratory on three separate occasions and performed a
4-km maximal cycling trial per visit (three visits in total, with one- or two-weeks difference
between each visit). Before each trial, the participants performed a warm-up consisting
of seven minutes of sub-maximal cycling. The trials were performed on a Velotron cycle
ergometer (Velotron Dynafit, Racermate, Seattle, WA, USA) using a flat and straight course.
A projector was used so that the participants could see a real life-sized virtual avatar of
themselves on a projection screen. During the first visit, participants were familiarised with
the equipment and the protocol and performed a familiarisation trial (without an opponent).

During the second and third visits, participants cycled in two different conditions,
alone or against an (virtual) opponent (head-to-head). A computerised randomisation
using Excel (Microsoft Office Excel, 2007) was used to determine the order of the condition
that each participant cycled in the second and third visits (‘alone’ or ‘head-to-head’).
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During the ‘alone’ condition, participants were instructed to ‘finish the cycling trial as fast
as possible’. During the ‘head-to-head’ condition, participants were instructed to ‘beat
the virtual opponent’. To ensure the participants’ perception of a realistic opponent, the
virtual opponent’s cycling velocity was based on the participant’s own performance in the
familiarisation trial. As a previous study revealed that inexperienced athletes without ID
improved their performance by 5% after one visit, the opponents’ cycling velocity was set at
+5% of the participants’ cycling velocity at the familiarisation trial, so that the participants
were set to compete against a similar level opponent [38]. Before each trial, researchers
ensured that the participants were aware of the trial’s goal. Specifically for participants
with ID, clear, simplified language was used to explain the trial’s goal. Examples from
their daily life along with visual support (pictures) were also used, and the trial started
only when the researchers ensured that the participants with ID were fully aware of the
trial’s goal. Researchers did not provide any performance feedback (e.g., time or velocity
feedback) during the trials.

Researchers recorded the participants’ rate of perceived exertion (RPE) before, after,
and twice during the trials (first, second, or third km, based on a computerised randomisa-
tion using Excel). A 3-point OMNI scale was used for the participants with ID and a 0–10
OMNI scale was used for the participants without ID [39]. Additionally, the participants’
power output and velocity were recorded (25 Hz) and their average values per 500 m
were calculated. The finishing time of the participants was also calculated. Researchers
took safety measures to prevent unnecessary illness (COVID-19 related) and injuries and
to carefully explain them to the participants. All trials were conducted at an ambient
temperature level between 19 ◦C and 21 ◦C.

2.3. Statistical Analysis

For the analyses, the power output and the velocity were used as the dependent
variables. The violation of normality assumption (Shapiro–Wilk test of normality) led us
to conduct a series of rank-based non-parametric analyses. To address aim 1 (e.g., if there
were performance and pacing behaviour differences between people with and without ID
during the trials), we performed non-parametric tests for repeated measures data. More
specifically, the ANOVA-Type Statistic (ATS) and the modified ATS were used to test
the main and interaction effects [40–42]. Analyses were performed separately for each
condition. For the analyses, we used the two groups (participants with and without ID)
as the between-subjects’ factor and the distance (eight distance points per 500 m) as the
within-subjects’ factor.

To address aim 2 (e.g., if the presence of an opponent can influence the cycling per-
formance and pacing behaviour of people with and without ID), we performed a series
of ATS. For these analyses, we used the different condition of each group (‘alone’ and
‘head-to-head’) as the between-subjects’ factor and the distance (eight distance points per
500 m) as the within-subjects factor.

To gain further insights into the participants’ performance and pacing behaviour,
we used two additional ATS and modified ATS (one for each group) to investigate the
velocity differences between the participants at the ‘head-to-head’ condition and their
virtual opponents (between-subjects) during the eight distance points of the cycling trials
(within-subjects). ATS and modified ATS were also used to explore the RPE differences
between the ‘alone’ and ‘head-to-head’ condition (between-subjects) of each group during
the three time points (before, during, and after) of the cycling trials (within-subjects).

The between-factor main effects represent the performance differences between
groups/conditions. The within-factor main effects represent the pacing behaviour dif-
ferences within the groups/conditions. If any of the ATS analyses yielded significant
interaction effects, pairwise comparisons between groups/conditions (with a Bonferroni-
adjusted p value) and within each group/condition (with an adjusted p value based on
Campbell and Skillings modification) were performed to determine where the differ-
ences occurred. The statistical analyses were performed on R version 4.1.1, using the
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‘nparLD’ and ‘nparcomp’ functions [40–43]. Using these functions, the relative effects (RTE)
were also calculated (increase in the effect indicates an increase in the measured condi-
tions/groups/distances) [40–43]. A non-parametric version of the coefficient of variation
(np-CV) was also used to analyse the inter-individual variation of each group in each
condition. The level of significance for all of the analyses was set at p ≤ 0.05.

3. Results

The finishing time (in seconds) of the participants with LD were Mdn = 859.33,
IQR = 264.38 at the ‘alone’ condition, and Mdn = 951.80, IQR = 311.91 at the ‘head-to-
head’ condition. The finishing time (in seconds) of the participants without LD were
Mdn = 474.65, IQR = 43.46 at the ‘alone’ condition and Mdn = 457.87, IQR = 38.90 at the
‘head-to-head’ condition. Moreover, one participant with ID (12.5%) and seven participants
without ID (70%) won against their opponents during the head-to-head condition.

3.1. Pacing and Performance Differences between Groups (ID and Non-ID Group in Each
Condition; Aim 1)

In the ‘alone’ condition, the power output, F(1, 15.98) = 44.49, p < 0.001, and the
velocity, F(1, 15.89) = 45.90, p < 0.001, were significantly lower in participants with ID
compared to participants without ID (between-factor main effect). The analysis also showed
significant within-factor differences (eight distance points per 500 m) for the power output,
F(3.25, ∞) = 5.77, p < 0.001, and the velocity, F(3.37, ∞) = 10.19, p < 0.001, but did not reveal
significant interaction effects.

In the ‘head-to-head’ condition, the power output, F(1, 15.98) = 52.99, p < 0.001, and
the velocity, F(1, 15.73) = 61.27, p < 0.001, were significantly lower in participants with
ID, compared to participants without ID (between-factor main effect). The analysis also
revealed significant within-factor differences (eight distance points, per 500 m) for the
power output, F(2.51, ∞) = 4.64, p < 0.01, and the velocity, F(3.10, ∞) = 11.62, p < 0.001.
Furthermore, it revealed significant interaction effects for the velocity, F(3.10, ∞) = 61.27,
p = 0.01, but not for the power output. Pairwise comparisons revealed significant between-
group velocity differences between the participants with and without ID at each time
point of the trial (p < 0.01). A further analysis showed significant velocity differences only
within the ‘head-to-head’ condition of the participants without ID (p < 0.001). Multiple
comparisons within groups revealed significant within group (participants without ID)
differences between 0–0.5-km (Mdn = 27.30, IQR = 4.10, RankMeans = 27.00) and 1–1.5-km
(Mdn = 30.61, IQR = 2.75; p = 0.02, RankMeans = 36.00) and between 0–0.5-km (Mdn = 27.30,
IQR = 4.10, RankMeans = 27.00) and 3.5–4-km (Mdn = 31.53, IQR = 3.62; p = 0.04, Rank
Means = 39.37). For the descriptive data and the inter-individual variances of power output
and velocity for both groups, in both conditions, refer to Table 1. Please also see Figure 1
for the individual pacing strategies and Figure 2 for the relative effects.

Table 1. Descriptive statistics of power output (Watts) and velocity (km/h) for the ID and non-ID
groups in the ‘alone’ and ‘head-to-head’ condition (4-km).

Variable Source Mdn IQR Min Max np-CV (%)

Power output
ID group (alone) 45.05 42.01 28.71 107.93 14.51

Non-ID group (alone) 161.49 40.46 117.42 197.31 12.93
ID group (head-to-head) 36.13 23.63 19.76 102.83 21.60

Non-ID group (head-to-head) 176.77 43.71 122.17 214.26 12.42
Velocity

ID group (alone) 16.77 6.29 13.74 25.56 9.54
Non-ID group (alone) 30.33 2.72 26.70 32.58 4.63

ID group (head-to-head) 15.13 5.37 11.07 24.58 16.33
Non-ID group (head-to-head) 31.45 2.66 27.04 33.67 4.28

Note. Mdn = median, IQR = interquartile range, Min = minimum, Max = maximum, np-CV = non-parametric
version of the coefficient of variation.
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3.2. Pacing and Performance Differences between Conditions (‘Alone’ and ‘Head-to-Head’; Aim 2)

The power output and the velocity of the participants with ID were significantly
higher in the ‘alone’ compared to the ‘head-to-head’ condition, F(1, ∞) = 5.27, p = 0.02 and
F(1, ∞) = 5.58, p = 0.01, respectively (between-factor main effect). The analysis did not reveal
a significant within-factor main effect nor significant interaction effects for the participants
with ID.

The results showed significant power output, F(2.31, ∞) = 5.11, p < 0.01, and velocity
differences, F(2.71, ∞) = 21.90, p < 0.001, within the ‘alone’ and ‘head-to-head’ condition of
the participants without ID (within-factor main effect). It did not reveal significant between-
factor main effects, F(1, ∞) = 3.38, p = 0.06 and F(1, ∞) = 3.01, p = 0.08, for the power
output and velocity, respectively (which could be considered a trend), nor the interaction
effects (see Table 1 for the descriptive data, Figure 3 for the ID and non-ID group box plots
respectively, and Figure S1 for the relative effects of both groups).
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Moreover, the RPE analysis did not show any significant main effects nor interaction
effects for the participants with ID between the ‘alone’ and ‘head-to-head’ condition. On
the other hand, for the participants without ID, the RPE level in the ‘alone’ condition
(Mdn = 5.50, IQR = 1.25) was significantly lower, F(1, ∞) = 7.94, p < 0.01, compared to
the ‘head-to-head’ condition (Mdn = 5.75, IQR = 1.50). The RPE analysis also revealed
significant interaction effects, F(1.86, ∞) = 4.08, p = 0.01 for the participants without ID
between the ‘alone’ and ‘head-to-head’ condition. Pairwise comparisons revealed signif-
icant RPE differences between the ‘alone’ and ‘head-to-head’ condition only at the final
RPE measurement within the trials (p < 0.01; second or third km, based on a computerised
randomisation). Additionally, a further analysis showed significant RPE differences within
the ‘alone’ and within the ‘head-to-head’ condition (p < 0.001). Multiple comparisons
within groups revealed significant RPE differences (p < 0.05) between each distance point
of the ‘alone’ and ‘against an opponent’ trial of the participants without ID.

3.3. Pacing and Performance Differences between Participants with and without ID and Their
Virtual Opponents (‘Head-to-Head’ Condition)

In this experimental study, we also compared the pacing and performance differences
of the participants (with and without ID) with their virtual opponents (during the head-
to-head trial). The comparison between the participants (‘head-to-head’) and their virtual
opponents revealed significant velocity differences within the trials for the participants
with, F(2.70, ∞) = 4.02, p < 0.001, and without ID, F(2.40, ∞) = 42.16, p < 0.001. However,
the results did not reveal significant main effects nor interaction effects for both groups (see
Figure 4).
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4. Discussion

The first aim of the study was to explore the performance (between-factor effects) and
pacing behaviour (interaction effects) differences of people with and without ID during
a maximal cycling trial. The results partially confirmed our first hypothesis (people with
and without ID will pace themselves differently within the trials). We found that the power
output and the velocity were significantly lower in participants with ID, compared to
the participants without ID (in both conditions). Nonetheless, we only found significant
velocity differences within the eight distance points (per 500 m) of the ‘head-to-head’
condition of the participants without ID. Moreover, the inter-individual variation was
higher in all of the trials of the participants with compared to the participants without ID.
The study also aimed to investigate the influence of an opponent on the cycling performance
(between-factor effects) and pacing behaviour (interaction effects) of people with and
without ID (aim 2). The results did not confirm our hypothesis (the presence of an opponent
will positively influence the pacing behaviour and performance of people with and without
ID), as they revealed that the presence of an opponent negatively influenced the cycling
performance of the participants with ID (slower during the ‘head-to-head’ condition),
but not their pacing behaviour. Furthermore, the pacing behaviour of the participants
without ID was similar between the ‘alone’ and ‘head-to-head’ condition, while there was
a trend toward a faster performance during the latter condition. A possible explanation
for not finding significant performance differences as previous studies have demonstrated
when people compete against an opponent compared to racing alone [20,21] could be the
participants’ experience. The novice participants who were recruited in this study may have
responded differently toward their opponents (especially toward a 5% faster opponent)
compared to more experienced exercisers/athletes in other studies [15,22].

The difference in pacing behaviour between the participants with and without ID dur-
ing the ‘head-to-head’ condition and the negative influence of an opponent on performance
only for the ID group could further support the suggestion that people with ID engage
mainly in intuitive decision-making in pacing and sports [26]. It could also indicate that
the majority of people with ID perceive and respond differently to the social environment
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during a maximal trial compared to people without ID [11]. People with ID experience
deficits in interpreting and judging other peoples’ behaviour, social interaction difficulties,
increased anxiety, and social phobia [7,44–46]. These important social cognition processes
could lead people with ID to analyse a social situation, respond to the environmental cues,
and regulate their actions differently compared to people without ID [11,24,47].

Opponents could be characterised as self-regulatory, pacing, and performance fa-
cilitators [24]. In people without ID, the presence of an opponent is theorised to act as
a goal-setter, facilitate the self-monitoring skill, increase motivation, and help improve
performance [24]. However, a lot of people with ID may not be able to properly use the
opponents as pacing and performance feedback facilitators during a maximal trial and
may find the goal (beat a faster opponent) challenging and confusing [3]. As people with
ID make slow and inaccurate decisions during a sporting activity [48], the presence of an
opponent may be a challenging component that makes their pacing and sports performance
development more complicated in competitive sports. These findings indicate that pacing
is a cognitive element, and reveal the impact of ID on pacing behaviour, sports performance,
and competition.

Motivation could also partially explain why participants with ID performed slower
when they competed against a faster opponent. In people without ID, opponents act as goal
setters and motivate them to compete and reach their pacing and performance goals [3,27].
People with ID, however, present high controlled motivation [1] and ego orientation [27].
This means that they engage in actions mainly for externally referenced reasons such as
to demonstrate competence (e.g., beating an opponent) [28]. Thus, they may abandon
the goal to win against an opponent who is 5% faster as they could be perceived as a
challenging and unreachable situation. Menting et al. [38] revealed that inexperienced
athletes without ID improved their performance by 5% after one visit; however, this may
not be realistic for people with ID who experience impaired learning skills [7]. Indeed,
during the ‘head-to-head’ trial, most of the participants with ID were always behind their
opponents. Until 1.5-km, most of the participants with ID tried to reach their opponents,
but after that distance point, their velocity gradually decreased (Figure 3). Even if they
increased their velocity during the last km of the trial, it was not enough to reach their
opponents’ velocity and overtake them (Figure 4). At a situational level, the person may be
susceptible to judging competence, evaluating success and failure, and continue engaging
in sporting activities based on social comparisons [49]. The negative social comparisons
that many people with ID experience in their daily lives decrease their self-esteem and
impact on their mood [50,51]. As the pacing behaviour of people with ID in sports seems
to depend on visual affordances (e.g., the opponents) [26], their inability to outperform
their opponents in the ‘head-to-head’ condition may negatively influence their motivation,
emotional state, and performance [49]. For instance, a similar RPE level but a significant
slower velocity at the ‘against an opponent’ compared to the ‘alone’ condition could be an
indication of the emotional challenges that many people with ID are dealing with when
they compete against a faster opponent and their difficulties in using the opponents as
external distractions [24]. The competitive environment could be a challenging situation
for people with ID [1], which requires further investigation.

Another explanation of the performance differences of participants with ID between
the two conditions could be the lack of experience that people with ID have in performing
maximally and competing against an opponent [1]. Despite the aforementioned challenges
of the competitive environment, many people with ID want to participate and compete in
sports and improve their sport-related skills [1]. The lack of social support and financial
resources, however, restricts their access to sporting opportunities [52]. Due to their ID,
they may be actively excluded from sports programs and competitions without appro-
priate adaptations being made or alternative sporting opportunities being provided [52].
Moreover, their coaches may underestimate the athletic identity that people with ID wish
to develop [1]. Coaches reported to focus more on sporting participation and less on the
performance development of athletes with ID may provide less maximal, competitive
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sports activities [1]. This could be an indication that coaches of athletes with ID may adopt
different standards of sporting success (ableism) and consider the maximal, competitive
sports activities as ‘surprising’ and ‘paradoxical’ for this population [1,53]. To properly
promote positive sports experiences and achieve a balance between participation-focused
and performance-focused approaches, it is important for coaches to listen to the sporting
aspirations of people with ID and respond to them accordingly [1].

Some of the pacing and performance differences between the groups (participants
with and without ID) were observed in both conditions (‘alone’ and ‘head-to-head’). For
instance, participants with ID demonstrated higher inter-individual variations in both
trials compared to participants without ID. This might occur due to the inability of many
people with ID to maintain a pre-planned steady pace [10] and confirms the previous
studies in which they demonstrated high inter-individual variations in exercise-related
activities such as technical proficiency [54], physical fitness [55], and reaction time [56].
Additionally, even though we recruited participants with similar physical activity levels
who were novices in cycling, participants with ID were cycling significantly slower in both
conditions compared to the non-ID group. In addition to the cognitive, self-regulatory, and
pacing differences between the groups that were above-mentioned, this could partially
explain the performance differences, aspects that are frequently identified in people with
ID such as low muscle strength, low voluntary activation levels, and the lack of motivation
to use the maximum effort in sports may also contribute [57,58]. Moreover, the age of
the participants with ID (older than the participants without ID) might influence their
performance and pacing behaviour [15,59].

All of the information above could be useful for coaches who want to include people
with ID in sports and improve their performance. With the appropriate adaptations, coaches
could promote an inclusive sports environment where athletes with ID will have the
opportunity to practice and develop their self-regulatory, pacing, and sports performance
skills [5]. For instance, in sub-maximal activities, the introduction of another person could
provide a visual stimulus that improves the exercisers’ attention and positively influences
the exercise behaviour [24]. In maximal trials, however, the competition against faster
opponents could be a stressful situation [1] that negatively influences the perception and the
action of people with ID and leads them towards a deteriorated performance. Thus, coaches
who engage people with ID in this type of competitive, mastery-avoidance situation may
undermine peoples’ sports motivation and negatively influence their further engagement
in sports [1]. Coaches who aim to introduce competitive environments to people with
ID could provide fewer external cues (e.g., social affordances), engage them in mastery
competitive experiences (e.g., compete against a slower opponent), introduce less stressful
competitive situations (e.g., competitions against peers), and provide additional supportive
strategies tailored to their needs and motivations [1,24]. However, it should be clarified
that coaches should acknowledge that each person with ID has a unique personality, and
that they should adapt their coaching strategies to each person’s needs [5]. For instance,
coaches should support the fulfilment of the psychological needs of people with ID (e.g.,
provide choices to people with ID, trust their capabilities, and give them the opportunity
to express their needs in a supportive environment) [1,5]. This supportive approach
could enhance the autonomous motivation of this population and inspire their further
engagement in sports [16,24]. It is worth mentioning that the preliminary findings were
presented to the participants with ID and their coaches/carers, and their possible meanings
were discussed. Participants with ID were encouraged to comment on the findings and
give their opinion about the appropriate ways to coach them and interact with them in
sports and exercise settings.

The study was subject to limitations. Even if groups were matched based on the
participants’ physical activity levels, the participants with ID were older, which might
influence their fitness ability and their capacity to appropriately pace their actions during a
maximal trial [15,59]. Moreover, competing against a 5% faster opponent may have been
quite challenging for the people with ID. Thus, future studies should further explore the
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influence of different competitive environments in the pacing behaviour and performance
of people with ID. For example, competition against a slower opponent could be a less
stressful competitive situation for novice athletes with ID that positively influences the
athletes’ emotions, pacing, and performance. As adequate pacing can enhance the exercise
engagement of people with disabilities and chronic diseases [60,61], a further investigation
of the role of the social environment (e.g., peers, significant others) in physical activity
of people with ID could be fruitful. More specifically, research should further explore if
and how the social environment can help people with ID to better regulate their physical
activities, reduce their fatigue perceptions, and ensure a long-term engagement in an active
lifestyle. Moreover, waist-worn triaxial accelerometers, proxy, and self-reporting measures
could be used to assess the physical activity patterns and levels of people with ID within
the day [62]. Then, the relationships of the physical activity patterns/levels with social
support and guidance could be explored to further explore the importance of the social
environment in the sporting participation and physical activity engagement of individuals
with ID.

5. Conclusions

This experimental study explored the pacing behaviour and performance of people
with and without ID during different competitive conditions (‘alone’ and ‘head-to-head’).
It seems that people with ID cycle slower compared to people without ID and they pace
their races differently when they compete against an opponent. Moreover, people with ID
may not be able to pace themselves appropriately when a faster opponent is present. The
significantly faster power output and velocity during the ‘alone’ compared to ‘head-to-head’
condition seem to indicate that the pacing behaviour of people with ID is significantly
influenced by visual affordances. This independency though, may negatively influence
the self-regulatory behaviour, motivation, and emotions of people with ID, revealing the
complexity of competitive environments in non-elite athletes. Coaches who wish to include
people with ID in sports environments could take these findings into consideration and
explore less cognitive demanding approaches to improve the athletes’ self-regulatory,
pacing, and performance skills. This experimental study could promote the participation
of people with ID in sports competitions.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ijerph20032670/s1, Figure S1: Relative effects and 95% confidence
intervals for the velocity and power output of the ID (a, b) and non-ID groups (c,d) during the ‘alone’
and ‘head-to-head’ conditions.

Author Contributions: Conceptualization, K.E.S., S.G.P.M. and F.J.H.; Methodology, K.E.S.; Software,
K.E.S. and S.G.P.M.; Formal analysis, K.E.S.; Data curation, K.E.S.; Presentation and interpretation
of results K.E.S., S.G.P.M. and F.J.H.; Writing—original draft preparation, K.E.S.; Writing—review
and editing, K.E.S., S.G.P.M. and F.J.H.; Supervision, F.J.H. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Northumbria University (reference number:
15746, 2019).

Informed Consent Statement: Informed consent (verbally and in writing) was obtained from all
subjects involved in the study.

Data Availability Statement: The data presented in this study are available upon request.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/ijerph20032670/s1
https://www.mdpi.com/article/10.3390/ijerph20032670/s1


Int. J. Environ. Res. Public Health 2023, 20, 2670 12 of 14

References
1. Sakalidis, K.E.; Fadeeva, A.; Hettinga, F.J.; Ling, F. The role of the social environment in sports participation of athletes with

Intellectual Impairment through the coaches’ eyes: A qualitative inquiry. PLoS ONE 2023, 18, e0280379. [CrossRef] [PubMed]
2. Misener, L.; Darcy, S. Managing disability sport: From athletes with disabilities to inclusive organisational perspectives. Sport

Manage. Rev. 2014, 17, 1–7. [CrossRef]
3. Sakalidis, K.E.; Burns, J.; Van Biesen, D.; Dreegia, W.; Hettinga, F.J. The impact of cognitive functions and intellectual impairment

on pacing and performance in sports. Psychol. Sport Exerc. 2021, 52, 101840. [CrossRef]
4. Zeilinger, E.L.; Stiehl, K.A.M.; Bagnall, H.; Scior, K. Intellectual disability literacy and its connection to stigma: A multinational

comparison study in three European countries. PLoS ONE 2020, 15, e0239936. [CrossRef] [PubMed]
5. Campbell, N.; Stonebridge, J. Coaching athletes with intellectual disabilities. Same thing but different? In Sport Coaching with

Diverse Populations: Theory and Practice, 1st ed.; Wallis, J., Lambert, J., Eds.; Routledge: Abingdon-on-Thames, UK, 2020.
6. Van Biesen, D.; Hettinga, F.J.; McCulloch, K.; Vanlandewijck, Y. Pacing Profiles in Competitive Track Races: Regulation of Exercise

Intensity Is Related to Cognitive Ability. Front. Physiol. 2016, 20, 624. [CrossRef]
7. Society, B.P. Learning Disability: Definitions and Contexts; British Psychological Society: Leicester, UK, 2000.
8. AAIDD. Intellectual Disability, Definition, Classification and Systems of Support, 11th ed.; AAIDD: Washington, DC, USA, 2010.
9. Tilinger, P. Comparison of athletics records of intellectually disabled persons with records of intact athletes. Kinanthropologica

2013, 49, 52–64. [CrossRef]
10. Van Biesen, D.; Hettinga, F.J.; McCulloch, K.; Vanlandewijck, Y.C. Pacing Ability in Elite Runners with Intellectual Impairment.

Med. Sci. Sport. Exerc. 2017, 49, 588–594. [CrossRef]
11. Smits, B.L.; Pepping, G.J.; Hettinga, F.J. Pacing and decision making in sport and exercise: The roles of perception and action in

the regulation of exercise intensity. Sport. Med. 2014, 44, 763–775. [CrossRef]
12. Elferink-Gemser, M.T.; Hettinga, F.J. Pacing and Self-regulation: Important Skills for Talent Development in Endurance Sports.

Int. J. Sport. Physiol. Perform. 2017, 12, 831–835. [CrossRef]
13. Foster, C.; De Koning, J.J.; Hettinga, F.; Lampen, J.; La Clair, K.L.; Dodge, C.; Bobbert, M.; Porcari, J.P. Pattern of energy expenditure

during simulated competition. Med. Sci. Sport. Exerc. 2003, 35, 826–831. [CrossRef]
14. Foster, C.; De Koning, J.J.; Hettinga, F.J.; Lampen, J.; Dodge, C.; Bobbert, M.; Porcari, J.P. Effect of competitive distance on energy

expenditure during simulated competition. Int. J. Sport. Med. 2004, 25, 198–204. [CrossRef]
15. Menting, S.G.; Edwards, A.M.; Hettinga, F.J.; Elferink-Gemser, M.T. Pacing behaviour development and acquisition: A systematic

review. Sport. Med. Open 2022, 8, 143. [CrossRef] [PubMed]
16. Hyland-Monks, R.; Cronin, L.; McNaughton, L.; Marchant, D. The role of executive function in the self-regulation of endurance

performance: A critical review. Prog. Brain Res. 2018, 240, 353–370. [CrossRef]
17. Konings, M.J.; Schoenmakers, P.P.; Walker, A.J.; Hettinga, F.J. The behavior of an opponent alters pacing decisions in 4-km cycling

time trials. Physiol. Behav. 2016, 158, 1–5. [CrossRef] [PubMed]
18. Hettinga, F.J.; Konings, M.J.; Pepping, G.J. The Science of Racing against Opponents: Affordance Competition and the Regulation

of Exercise Intensity in Head-to-Head Competition. Front. Physiol. 2017, 8, 118. [CrossRef] [PubMed]
19. Konings, M.J.; Hettinga, F.J. Objectifying Tactics: Athlete and Race Variability in Elite Short-Track Speed Skating. Int. J. Sport.

Physiol. Perform. 2018, 13, 170–175. [CrossRef]
20. Konings, M.J.; Parkinson, J.; Zijdewind, I.; Hettinga, F.J. Racing an Opponent: Alteration of Pacing, Performance, and Muscle-Force

Decline but Not Rating of Perceived Exertion. Int. J. Sport. Physiol. Perform. 2018, 13, 283–289. [CrossRef] [PubMed]
21. Williams, E.L.; Jones, H.S.; Andy Sparks, S.; Marchant, D.C.; Midgley, A.W.; Mc Naughton, L.R. Competitor presence reduces

internal attentional focus and improves 16.1km cycling time trial performance. J. Sci. Med. Sport 2015, 18, 486–491. [CrossRef]
22. Konings, M.J.; Hettinga, F.J. Pacing Decision Making in Sport and the Effects of Interpersonal Competition: A Critical Review.

Sport. Med. 2018, 48, 1829–1843. [CrossRef]
23. Davis, A.J.; Hettinga, F.J.; Beedie, C. You don’t need to administer a placebo to elicit a placebo effect: Social factors trigger

neurobiological pathways to enhance sports performance. Eur. J. Sport Sci. 2020, 20, 302–312. [CrossRef]
24. Sakalidis, K.E.; Menting, S.; Elferink-Gemser, M.; Hettinga, F.J. The role of social environment on pacing and sports performance:

A narrative review from a self-regulatory perspective. Int. J. Environ. Res. Public Health 2022, 19, 16131. [CrossRef]
25. Micklewright, D.; Kegerreis, S.; Raglin, J.; Hettinga, F. Will the Conscious-Subconscious Pacing Quagmire Help Elucidate the

Mechanisms of Self-Paced Exercise? New Opportunities in Dual Process Theory and Process Tracing Methods. Sport. Med. 2017,
47, 1231–1239. [CrossRef] [PubMed]

26. Khudair, M.; Van Biesen, D.; Pérez-Tejero, J.; Hettinga, F.J. The pacing behaviour of basketball players with Intellectual Impairment:
Does the dynamic environment influence how they pace? J. Sport. Sci. 2021, 52, 101840.

27. Hutzler, Y.; Oz, M.; Barak, S. Goal perspectives and sport participation motivation of Special Olympians and typically developing
athletes. Res. Dev. Disabil. 2013, 34, 2149–2160. [CrossRef] [PubMed]

28. Duda, J.L.; Chi, L.; Newton, M.L.; Walling, M.D. Task and ego orientation and intrinsic motivation in sport. Int. J. Sport Psychol.
1995, 26, 40–63.

29. Kitchin, P.J.; Peile, C.; Lowther, J. Mobilizing capacity to achieve the mainstreaming of disability sport. Manag. Sport Leis. 2019, 24,
424–444. [CrossRef]

http://doi.org/10.1371/journal.pone.0280379
http://www.ncbi.nlm.nih.gov/pubmed/36630463
http://doi.org/10.1016/j.smr.2013.12.003
http://doi.org/10.1016/j.psychsport.2020.101840
http://doi.org/10.1371/journal.pone.0239936
http://www.ncbi.nlm.nih.gov/pubmed/33057379
http://doi.org/10.3389/fphys.2016.00624
http://doi.org/10.14712/23366052.2014.6
http://doi.org/10.1249/MSS.0000000000001115
http://doi.org/10.1007/s40279-014-0163-0
http://doi.org/10.1123/ijspp.2017-0080
http://doi.org/10.1249/01.MSS.0000065001.17658.68
http://doi.org/10.1055/s-2003-45260
http://doi.org/10.1186/s40798-022-00540-w
http://www.ncbi.nlm.nih.gov/pubmed/36484867
http://doi.org/10.1016/bs.pbr.2018.09.011
http://doi.org/10.1016/j.physbeh.2016.02.023
http://www.ncbi.nlm.nih.gov/pubmed/26896731
http://doi.org/10.3389/fphys.2017.00118
http://www.ncbi.nlm.nih.gov/pubmed/28293199
http://doi.org/10.1123/ijspp.2016-0779
http://doi.org/10.1123/ijspp.2017-0220
http://www.ncbi.nlm.nih.gov/pubmed/28657853
http://doi.org/10.1016/j.jsams.2014.07.003
http://doi.org/10.1007/s40279-018-0937-x
http://doi.org/10.1080/17461391.2019.1635212
http://doi.org/10.3390/ijerph192316131
http://doi.org/10.1007/s40279-016-0642-6
http://www.ncbi.nlm.nih.gov/pubmed/27778303
http://doi.org/10.1016/j.ridd.2013.03.019
http://www.ncbi.nlm.nih.gov/pubmed/23643768
http://doi.org/10.1080/23750472.2019.1684839


Int. J. Environ. Res. Public Health 2023, 20, 2670 13 of 14

30. Van Biesen, D.; Burns, J.; Mactavish, J.; Van de Vliet, P.; Vanlandewijck, Y. Conceptual model of sport-specific classification for
para-athletes with intellectual impairment. J. Sport. Sci. 2021, 39, 19–29. [CrossRef]

31. Van Biesen, D.; Mactavish, J.; McCulloch, K.; Lenaerts, L.; Vanlandewijck, Y.C. Cognitive profile of young well-trained athletes
with intellectual disabilities. Res. Dev. Disabil. 2016, 53–54, 377–390. [CrossRef]

32. Konings, M.J.; Foulsham, T.; Micklewright, D.; Hettinga, F.J. Athlete-Opponent Interdependency Alters Pacing and Information-
Seeking Behavior. Med. Sci. Sport. Exerc. 2020, 52, 153–160. [CrossRef]

33. Craig, C.L.; Marshall, A.L.; Sjostrom, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.; Yngve, A.;
Sallis, J.F.; et al. International physical activity questionnaire: 12-country reliability and validity. Med. Sci. Sport. Exerc. 2003, 35,
1381–1395. [CrossRef]

34. Dairo, Y.; Collett, J.; Dawes, H.; Clark, C. Measuring sedentary behaviour across the spectrum of adults with intellectual
disabilities: A comparison between accelerometer and international physical activity questionnaire. Physiotherapy 2021, 113, e93.
[CrossRef]

35. Thomas, S.; Reading, J.; Shephard, R.J. Revision of the Physical-Activity Readiness Questionnaire (PAR-Q). Can. J. Sport Sci. 1992,
17, 338–345.

36. Cardinal, B.J.; Esters, J.; Cardinal, M.K. Evaluation of the revised physical activity readiness questionnaire in older adults. Med.
Sci. Sport. Exerc. 1996, 28, 468–472. [CrossRef] [PubMed]

37. Warburton, D.E.R.; Jamnik, V.K.; SSD, S.S.D.B.; Gledhill, N. The Physical Activity Readiness Questionnaire for Everyone (PAR-Q+)
and Electronic Physical Activity Readiness Medical Examination. Health Fit. J. Can. 2011, 4, 3–23.

38. Menting, S.G.P.; Elferink-Gemser, M.T.; Edwards, A.M.; Hettinga, F.J. Effects of Experience and Opponents on Pacing Behavior
and 2-km Cycling Performance of Novice Youths. Res. Q Exerc Sport 2019, 90, 609–618. [CrossRef] [PubMed]

39. Robertson, R.J.; Goss, F.L.; Bell, J.A.; Dixon, C.B.; Gallagher, K.I.; Lagally, K.M.; Timmer, J.M.; Abt, K.L.; Gallagher, J.D.;
Thompkins, T. Self-regulated cycling using the Children’s OMNI Scale of Perceived Exertion. Med. Sci. Sport. Exerc. 2002, 34,
1168–1175. [CrossRef]

40. Noguchi, K.; Gel, Y.R.; Brunner, E.; Konietschke, F. nparLD: An R Software Package for the Nonparametric Analysis of
Longitudinal Data in Factorial Experiments. J. Stat. Softw. 2012, 50, 1–23. [CrossRef]

41. Brunner, E.; Domhof, S.; Langer, F. Nonparametric Analysis of Longitudinal Data in Factorial Experiments; Wiley: New York, NY,
USA, 2002.

42. Brunner, E.; Puri, M.L. Nonparametric Methods in Factorial Designs. Stat. Pap. 2001, 42, 1–52. [CrossRef]
43. Konietschke, F.; Placzek, M.; Schaarschmidt, F.; Hothorn, L.A. nparcomp: An R Software Package for Nonparametric Multiple

Comparisons and Simultaneous Confidence Intervals. J. Stat. Softw. 2015, 64, 1–17. [CrossRef]
44. Marrus, N.; Hall, L. Intellectual Disability and Language Disorder. Child Adolesc. Psychiatr. Clin. N. Am. 2017, 26, 539–554.

[CrossRef]
45. Kevan, F. Challenging behaviour and communication difficulties. Br. J. Learn. Disabil. 2003, 31, 75–80. [CrossRef]
46. Ruiz, M.C.; Appleton, P.R.; Duda, J.L.; Bortoli, L.; Robazza, C. Social Environmental Antecedents of Athletes’ Emotions.

Int. J. Environ. Res. Public Health 2021, 18, 4997. [CrossRef] [PubMed]
47. López, C.Q.; Vera, V.D.; López, C.; Jaramillo, J. Impact of sport on social cognition: An analysis based on structural equational

models. J. Phys. Educ. Sport 2020, 20, 31–36.
48. Pinilla, J.; Pérez-Tejero, J.; Sampedro, J.; Román, I.; Lorenzo, A.; Lorenzo, J.; Vanlandewijck, Y.; Van Biesen, D. Influence of

intellectual impairment (II) on basketball players’ capacity to solve a game situation: Towards evidence-based classification
systems in II-basketball. Psychol. Soc. Educ. 2016, 8, 121–134. [CrossRef]

49. Bardel, M.H.; Fontayne, P.; Colombel, F.; Schiphof-Godart, L. Effects of match result and social comparison on sport state
self-esteem fluctuations. Psychol. Sport Exerc. 2010, 11, 171–176. [CrossRef]

50. Cooney, G.; Jahoda, A.; Gumley, A.; Knott, F. Young people with intellectual disabilities attending mainstream and segregated
schooling: Perceived stigma, social comparison and future aspirations. J. Intellect. Disabil. Res. 2006, 50, 432–444. [CrossRef]

51. Paterson, L.; McKenzie, K.; Lindsay, B. Stigma, social comparison and self-esteem in adults with an intellectual disability. J. Appl.
Res. Intellect. Disabil. 2012, 25, 166–176. [CrossRef]

52. Burns, J. The participation of people with intellectual disability in Parasports. J. Paralympic Res. Group 2020, 13, 41–59.
53. Silva, C.; Howe, P. The (In)validity of Supercrip Representation of Paralympian Athletes. J. Sport Soc. 2012, 36, 174–194. [CrossRef]
54. Van Biesen, D.; Mactavish, J.; Patty, N.; Vanlandewijck, Y. Technical proficiency among table tennis players with and without

intellectual disabilities. Hum. Mov. Sci. 2012, 31, 1517–1528. [CrossRef]
55. Lahtinen, U.; Rintala, P.; Malin, A. Physical performance of individuals with intellectual disability: A 30 year follow up. Adapt.

Phys. Activ. Q 2007, 24, 125–143. [CrossRef]
56. Carmeli, E.; Imam, B.; Merrick, J. The relationship of pre-sarcopenia (low muscle mass) and sarcopenia (loss of muscle strength)

with functional decline in individuals with intellectual disability (ID). Arch. Gerontol. Geriatr. 2012, 55, 181–185. [CrossRef]
[PubMed]

57. Borji, R.; Zghal, F.; Zarrouk, N.; Sahli, S.; Rebai, H. Individuals with intellectual disability have lower voluntary muscle activation
level. Res. Dev. Disabil. 2014, 35, 3574–3581. [CrossRef] [PubMed]

58. Rimmer, J.H. Fitness and Rehabilitation Programs for Special Populations; WCB Brown & Benchmark Publishers: Madison, WI,
USA, 1994.

http://doi.org/10.1080/02640414.2021.1881280
http://doi.org/10.1016/j.ridd.2016.03.004
http://doi.org/10.1249/MSS.0000000000002101
http://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://doi.org/10.1016/j.physio.2021.10.066
http://doi.org/10.1097/00005768-199604000-00011
http://www.ncbi.nlm.nih.gov/pubmed/8778552
http://doi.org/10.1080/02701367.2019.1640840
http://www.ncbi.nlm.nih.gov/pubmed/31433732
http://doi.org/10.1097/00005768-200207000-00018
http://doi.org/10.18637/jss.v050.i12
http://doi.org/10.1007/s003620000039
http://doi.org/10.18637/jss.v064.i09
http://doi.org/10.1016/j.chc.2017.03.001
http://doi.org/10.1046/j.1468-3156.2003.00226.x
http://doi.org/10.3390/ijerph18094997
http://www.ncbi.nlm.nih.gov/pubmed/34066860
http://doi.org/10.25115/psye.v8i2.453
http://doi.org/10.1016/j.psychsport.2010.01.005
http://doi.org/10.1111/j.1365-2788.2006.00789.x
http://doi.org/10.1111/j.1468-3148.2011.00651.x
http://doi.org/10.1177/0193723511433865
http://doi.org/10.1016/j.humov.2012.07.004
http://doi.org/10.1123/apaq.24.2.125
http://doi.org/10.1016/j.archger.2011.06.032
http://www.ncbi.nlm.nih.gov/pubmed/21764145
http://doi.org/10.1016/j.ridd.2014.08.038
http://www.ncbi.nlm.nih.gov/pubmed/25241117


Int. J. Environ. Res. Public Health 2023, 20, 2670 14 of 14

59. Bongard, V.; McDermott, A.Y.; Dallal, G.E.; Schaefer, E.J. Effects of age and gender on physical performance. Age 2007, 29, 77–85.
[CrossRef] [PubMed]

60. Abonie, U.S.; Edwards, A.M.; Hettinga, F.J. Optimising activity pacing to promote a physically active lifestyle in medical settings:
A narrative review informed by clinical and sports pacing research. J. Sport. Sci. 2020, 38, 590–596. [CrossRef] [PubMed]

61. Abonie, U.S.; Hettinga, F.J. Effect of a Tailored Activity Pacing Intervention on Fatigue and Physical Activity Behaviours in Adults
with Multiple Sclerosis. Int. J. Environ. Res. Public Health 2020, 18, 17. [CrossRef]

62. Abonie, U.S.; Saxton, J.; Baker, K.; Hettinga, F.J. Objectively-assessed physical activity and self-reported activity pacing in adults
with multiple sclerosis: A pilot study. Clin. Rehabil. 2021, 35, 1781–1788. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s11357-007-9034-z
http://www.ncbi.nlm.nih.gov/pubmed/19424833
http://doi.org/10.1080/02640414.2020.1721254
http://www.ncbi.nlm.nih.gov/pubmed/31997716
http://doi.org/10.3390/ijerph18010017
http://doi.org/10.1177/02692155211024135

	Introduction 
	Materials and Methods 
	Participants 
	Procedure 
	Statistical Analysis 

	Results 
	Pacing and Performance Differences between Groups (ID and Non-ID Group in Each Condition; Aim 1) 
	Pacing and Performance Differences between Conditions (‘Alone’ and ‘Head-to-Head’; Aim 2) 
	Pacing and Performance Differences between Participants with and without ID and Their Virtual Opponents (‘Head-to-Head’ Condition) 

	Discussion 
	Conclusions 
	References

