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Abstract 76 

An essential determinant for success in sports is pacing. Cognitive mechanisms like self-77 

regulation and executive functions are strongly related to adequate pacing behaviour, and 78 

people with Intellectual Impairment (II) experience shortfalls in those skills. Previous 79 

literature in children without II revealed that pacing is at least partly dependent on cognitive 80 

development. Research that focuses on pacing abilities of individuals with II strengthens the 81 

assumption that intellectual functioning is involved in pacing, as elite athletes with II are not 82 

able to maintain a pre-planned submaximal velocity and they regulate their exercise intensity 83 

differently compared to athletes without II. This review highlights the role of cognition and 84 

adaptive behaviour in pacing and provides insight into the impact of II on pacing behaviour. 85 

It is also proposing pacing as a significant component of Paralympics’ evidence-based 86 

classification for athletes with II. Finally, we propose future directions for research to 87 

uncover the impact of cognitive mechanisms on regulation of exercise intensity. 88 

 89 

     Keywords: Intellectual Disability; Learning Disabilities; Sports Performance; Regulation of 90 

energy expenditure; Cognition; Paralympics 91 
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Introduction 97 

     Participation in sports has been associated with a range of physical, mental, and social 98 

health benefits (Hassan, Dowling & McConkey, 2014). For this reason, it is a responsibility 99 

of an inclusive society to ensure that people with Intellectual Impairment (II) engage in sports 100 

activities and master their sports performance. Indeed, there are various multi-sports 101 

international events that offer opportunities to individuals with II to participate and compete 102 

(Special Olympics programmes, Global games; Burns, 2020). However, after the re-103 

introduction of athletes with II in London’s Paralympic Games in 2012, the scientific interest 104 

in sports performance of this population in elite competition has also increased (Burns, 2015). 105 

More specifically, many researchers have investigated the link between cognition and sports 106 

performance (Van Biesen, Mactavish, Pattyn, & Vanlandewijck, 2012; Van Biesen, 107 

Mactavish, & Vanlandewijck, 2013; Van Biesen, Hettinga, McCulloch, & Vanlandewijck, 108 

2016a; Van Biesen, Hettinga, McCulloch, & Vanlandewijck, 2016b), but the nature of this 109 

link is still largely unexplained. 110 

      As elite performance is a complex and multicomponent function (Ackerman, 2014), we 111 

can assume that deficits in intellectual functioning play a role in sports performance. 112 

However, only Tilinger (2013) examined and detected substantially lower athletic 113 

achievements of elite athletes with II compared to elite athletes without II. Other studies have 114 

mainly focused on the technical aspects of sports performance and expertise. For instance, 115 

individuals with II demonstrate a significantly reduced velocity and acceleration in athletics 116 

(Andrews, Goosey-Tolfrey & Bressan, 2009), different swimming efficiency indicators and 117 

temporal synchronisation measures (Einarsson, 2009) in swimming, and they cannot reach 118 
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the same level of technical proficiency in table tennis compared to individuals without II 119 

(Van Biesen, et al., 2012; Van Biesen et al., 2013). 120 

     Additionally, some of the findings of previous research, in terms of the impact of 121 

cognitive impairment on sports performance, are related to pacing behaviour (Van Biesen et 122 

al., 2016a; 2016b). Pacing behaviour is widely recognised as an essential component of 123 

success in various sports and is comprised of a range of cognitive skills (Foster et al., 2003; 124 

Tucker, 2009; Abbis & Laursen, 2008; De Koning et al., 2011; St Clair Gibson et al., 2006; 125 

McGibbon, Pyne, Shephard & Thompson, 2018; Elferink-Gemser & Hettinga, 2017; 126 

Menting, Elferink-Gemser,Huijgen & Hettinga, 2019; Edwards, & Polman, 2013 Wiersma et 127 

al., 2017; Whitehead et al. 2018; Ferraz et al., 2018).  128 

     With a purpose to establish pacing as a significant cognitive component of sports 129 

performance optimisation, the aim of this review is to systematically examine studies 130 

focusing on the cognitive aspects relevant to pacing and consistently investigate the impact of 131 

II on pacing behaviour. The specific objectives of the review are to: 1) describe the 132 

theoretical foundation of pacing, 2) investigate cognitive aspects of pacing behaviour such as 133 

decision-making and executive skills, to 3) explore the intellectual functioning and adaptive 134 

behaviour limitations of individuals with II and report the influence of these deficits on 135 

pacing and performance and finally to 4) indicate the possibilities for further integration of 136 

pacing in the Paralympics’ evidence-based classification system. At this point, it is worth 137 

highlighting that this review supports the paradigm that research in athletes with II could give 138 

an insight into the role of cognition in sports and clarify how limitations or strengths in 139 

cognitive functions impact on pacing and sports performance. 140 

 141 
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Pacing and Sports Performance 142 

     Pacing has been described as a multifaceted goal-directed process of decision making in 143 

which athletes need to decide how and when to distribute their energy throughout an exercise 144 

task (Smits Pepping, & Hettinga, 2014; Abbiss & Laursen 2008; Edwards & Polman, 2013). 145 

Optimal pacing behaviour in head-to-head and time trial competitions is characterised by 146 

balancing between starting fast to optimally use available energy resources while at the same 147 

time preventing negative technical alterations in the trial due to early fatigue, and inefficient 148 

energy losses associated with velocity fluctuations over the race (Foster at al., 2003; Stoter et 149 

al., 2016). In order to determine the most appropriate pacing strategy, an amalgamation of 150 

interoceptive (i.e. biomechanical, physiological and/or psychological) and exteroceptive (i.e. 151 

environmental) factors (Noakes, 2011) is crucial to maintain internal homeostasis (Esteve-152 

Lanao, Lucia & Foster, 2008) and/or to avoid premature exhaustion (St-Clair Gibson et al., 153 

2006; Baron, Moullan, Deruelle & Noakes, 2011; Konings & Hettinga, 2018). 154 

     The concept of pacing has also become increasingly critical in team sports, and with the 155 

improvement of tracking technology, extremely popular. Pacing in team sports is considered 156 

the distribution of energy resources to enhance match-running performance and it is the result 157 

of various physiological and psychological factors (Waldron & Highton, 2014). To optimise 158 

running performance, whole-match players adopt ‘slow positive’ pacing strategies (gradual 159 

decline in running intensity; Edwards & Polman, 2012; Bradley & Noakes 2013; Waldron, 160 

Highton & Daniels, 2013), while partial-match players select either ‘reserve’ or ‘all-out’ 161 

pacing strategies (Edwards & Polman, 2012; Waldron & Highton, 2014). It is worth 162 

mentioning that research in basketball pacing, a popular sport for II and non-II individuals, is 163 

scarce. Only two studies have explored the concept of pacing in basketball settings, where 164 
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pacing was defined as the frequency of ball possessions per quarter (Sampaio, Gonçalves, 165 

Rentero, Abrantes & Leite, 2010; Csátaljay, Hughes, James & Dancs, 2011). As this 166 

approach does not take into consideration the pacing behaviour of each player and 167 

undermines the dynamic pacing behaviour of basketball players, new research that 168 

investigates pacing strategies of basketball players via a global positioning system (GPS) is 169 

strongly recommended. 170 

 171 

Decision Making in Pacing - History and Model Development 172 

     In order to gain a better understanding of the cognitive aspects of pacing, a description of 173 

the theoretical foundation of this skill is essential. Pacing is a decision-making process, 174 

however, the mechanisms supporting this process involved in regulation of exercise intensity 175 

are still strongly debated (Konings & Hettinga, 2018). Numerous theories and models attempt 176 

to explain the decision-making processes involved in the regulation of exercise intensity and 177 

shed light on the complex mechanism of pacing (Konings & Hettinga, 2018).  178 

     The first theory related to exercise intensity and pacing was based on Hill’s model which 179 

states that performance limitations occur due to metabolic changes in the exercise muscles 180 

(Hill, Long & Lupton 1924; Hill & Lupton, 1923). However, this model was questioned, 181 

mostly because it did not integrate the role of the brain in the regulation of exercise and 182 

homeostasis protection (Noakes, 2000). As an alternative, the process of teleoanticipation as 183 

a crucial element of exercise regulation was proposed by Ulmer (1996). Based on this theory, 184 

the brain has a dominant control position, and exercise is regulated by efferent commands 185 

and central calculations that attempt to couple biomechanical and metabolic limits of the 186 

body to the task demands. Additionally, a central programmer that would act as an 187 
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input/output ‘black box’ was introduced, in order to coordinate efferent and afferent signals 188 

and prevent the intensity of exercise to exceed metabolic limits.  189 

     Later, Renfree, Martin, Micklewright & St-Clair Gibson (2014) attempted to integrate 190 

decision-making theories in pacing and developed a heuristic decision-making model, in 191 

which heuristics are considered as intuitions that require low cognitive demands. However, 192 

the heuristic decision-making model does not thoroughly analyse the coupling of perception 193 

and action that occurs in complex tactical pacing environments in which athletes need to 194 

respond to their opponents’ behaviour (Smits et al., 2014; Renfree et al., 2014; Micklewright, 195 

Kegerreis, Raglin & Hettinga, 2017). At the same time, Smits et al. (2014) provided a more 196 

detailed explanation of pacing as a behavioural outcome of the decision-making process by 197 

paying attention to the human-environment interaction. According to this ecological 198 

approach, in pacing, individuals are constantly required to make decisions in a complex 199 

exercise environment demanding that they should choose, modify, and evaluate their 200 

behaviour (Corbett, 2009). In this environment, affordances are detected as information to 201 

support numerous action possibilities and are associated with an individual’s capability to use 202 

them (Gibson, 1979; 1977). In order for individuals to get involved efficiently in action 203 

selection and action specification procedures, brain and cognitive processes are involved as 204 

an information processing system (Song, 2017).  205 

     Even if the presented models have fundamental differences, some features are present in 206 

nearly all of them (Hettinga, Konings, & Pepping, 2017). The crucial elements in pacing are 207 

perceived level of exertion and effort, fatigue sensations, knowledge about the endpoint or 208 

the expected duration and distance of the race and the aspiration of the athlete to overcome 209 

discomfort in anticipation of extrinsic rewards. The importance of human-environment 210 
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interaction has been also considered as a critical cognitive factor of pacing (Hettinga et al., 211 

2017).  212 

 213 

Human-Environment Interaction in Pacing  214 

     Sports environments consist of perceptual affordances that invite athletes to respond and 215 

adapt their pacing behaviour (Smits et al., 2014; Hettinga et al., 2017). Affordances allow 216 

athletes to decide if they will persist in a pre-planned behaviour or they will switch to a 217 

different one (e.g. faster or slower pace). In a complex performance environment, athletes are 218 

surrounded by a great number of action invitations (affordances) however, the presence of 219 

these invitations does not imply that the action will occur, even if the environment 220 

contributes to the probability of that action (Greeno, 1994; Cisek, 2007; Cisek and Kalaska, 221 

2010).  222 

     Several experimental and observational studies have shown that opponents are one type of 223 

affordance which can significantly influences sports performance (Hettinga et al 2017, Bath 224 

et al., 2012; Hulleman, De Koning, Hettinga & Foster, 2007; Stone et al., 2012; Tomazini et 225 

al., 2015;). Athletes generally improve their sports performance during competitive trials 226 

compared to non-competitive trials (Konings, Schoenmakers, Walker, & Hettinga, 2016; 227 

Hettinga et al., 2017; Stone et al., 2012; Tomazini et al., 2015). However more research is 228 

needed to reveal the reasons behind this behaviour. Investigating critical factors of sports 229 

performance like motivation, self-efficacy, self-regulatory skills and competitiveness (Taylor, 230 

Boat & Murphy, 2018; McCormick, Meijen, Anstiss & Jones, 2019; Elferink-Gemser & 231 

Hettinga, 2017; Ives et al., 2020) of athletes in various sports competition settings, could shed 232 

some light on the rationale of athletes’ performance improvements during competitive trials. 233 
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It has also been demonstrated that interpersonal competitions affect pacing decisions in 234 

various sports like running, rowing, cycling and speed skating (Jones and Whipp, 2002; Paton 235 

and Hopkins, 2006; Dwyer et al., 2013; Konings, Noorbergen, Parry & Hettinga, 2016). An 236 

interesting fact is that in time-trial competitions, where athletes have to complete a given 237 

distance as fast as possible, the presence of other competitors does not significantly affect the 238 

pacing behaviour of individuals (Foster et al., 2004; Hettinga et al., 2011; Massey, 239 

Whitehead, Marchant, Polman & Williams, 2020). On the other hand, in head-to-head 240 

competitions, where the athletes’ goal is to finish the race before their opponents, pacing 241 

behaviour is usually adjusted based on the pacing behaviour of competitors, especially when 242 

athletes are competing in the same lane as in speed skating (Konings et al., 2016) and track 243 

cycling (Moffatt et al., 2014). Athletes compare themselves with the opponents and adapt 244 

their behaviour based on their actions. Opponents also influence athletes’ attentional focus, 245 

motivation, collective behaviour, the ability to tolerate pain and fatigue, positioning and fall 246 

risk (Hettinga et al., 2017). 247 

     Opponents are the most common and obvious affordances in sports competition however, 248 

there are other environmental factors that could also affect the pacing behaviour of athletes. 249 

Music (Karageorghis & Priest, 2012), pacing and performance feedback (Smits et al., 2016; 250 

Thompson, Maclaren, Lees & Atkinson, 2003) and weather conditions (Teunissen, Haan, De 251 

Koning & Daanen, 2013) can affect pacing and overall performance. Furthermore, 252 

competitive environments such as the stage of competition (Noorbergen et al., 2016), the 253 

importance of the competition (Konings et al., 2016; Noorbergen et al., 2016) and the 254 

likelihood of time qualification (Konings et al., 2016) can also alter the pacing behaviour of 255 

an athlete. 256 
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 257 

Pacing as a Developmental Skill 258 

    Adequate pacing behaviour may be dependent on intellectual skills that are developed in 259 

the later cognitive development stages (Piaget, 1966). More specifically, initial pacing and 260 

ongoing pacing adaptations are complex actions that depend on decision-making and goal-261 

directed processes that use planning, anticipation, inhibition and logical reasoning, skills 262 

which tend to develop, according to Piaget (1972), at the ‘formal operational stage of 263 

cognitive development’ (i.e. 11 or 12 years of age and onwards). 264 

     A first of its kind study in 2011 examined the pacing strategy differences between children 265 

of different ages and cognitive development stages (Micklewright et al., 2011). The 266 

researchers evaluated the Piagetian stage of cognitive development and the pacing strategy by 267 

means of a best effort running task in children of four different age groups (5-6, 8-9, 11-12 268 

and 14 years old). Significant differences in pacing strategy were found between children of 269 

different age and cognitive development as well as between cognitive abilities after 270 

controlling for age. More specifically, the results revealed that the ability to choose an 271 

optimal pacing strategy develops during childhood. The inability of the younger 272 

schoolchildren to successfully anticipate the pacing demands of the trial, was concluded to be 273 

due to their intellectual deficits rather than any adopted pacing strategy (Micklewright et al., 274 

2011; Elferink-Gemser & Hettinga, 2017).The findings confirmed that pacing is partly 275 

dependent on intellectual development and the attainment of specific cognitive skills, as 276 

demonstrated by previous researchers, such as the ability to choose an appropriate strategy 277 

(Foster, Schräger, Snyder & Thompson, 1994; Atkinson, Peacock, St-Clair Gibson & Tucker 278 
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2007) or the capacity to estimate distance and time (Mauger, Jones & Williams, 2009; 279 

Micklewright, Papadopoulou, Swart & Noakes, 2010).   280 

In addition, Lambrick et al., (2013), demonstrated that pre-adolescent individuals tried to 281 

regulate and conserve their exercise intensity throughout a running trial to ensure that they 282 

successfully complete it within their personal physiological limits. This study (Lambrick et 283 

al., 2013) confirmed the findings of previous researchers (Micklewright et al., 2011) that 284 

pacing behaviour is developing in childhood and the cognitive development stage is 285 

correlated with the level of performed regulation of exercise intensity that can be 286 

accomplished by young individuals. Menting et al. (2018) found that at a younger age, speed 287 

skaters use a less conservative pacing and so a less successful strategy, in contrast to older 288 

speed skaters. However, the intellectual basis of pacing is a complex phenomenon and 289 

warrants further investigation. As the study of  Micklewright et al. (2011) is the only one 290 

available where intellectual and cognitive development is directly explored, more research is 291 

needed to clearly differentiate the impact of cognitive development from the impact of 292 

training and experience on pacing behaviour. For instance, research on the pacing strategy of 293 

athletes in different developmental stages, but similar training age (e.g. novice athletes) could 294 

shed some light on this issue. 295 

 296 

Self-regulation and Executive Functions in Pacing  297 

     Self-regulation enables people to exert control of their own learning, train to master a 298 

certain activity and successfully monitor these activities in different contexts and situations 299 

(Zimmerman, 1986; 2000). Moreover, executive functions are a set of cognitive processes 300 

that are necessary for the adaptation and support of flexible, goal-directed behaviour in 301 
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challenging situations (Alvarez & Emory, 2006). It seems that executive functions and self-302 

regulation are interconnected, as they both share common brain regions (prefrontal cortex; 303 

Hyland- Monks et al., 2019). In addition, basic skills of executive functioning like working 304 

memory, inhibition, and task-shifting, are involved in successful self-regulation (Hofmann, 305 

Schmeichel, & Baddeley, 2012).  306 

     In sports performance, two frameworks tried to report pacing behaviour from a self-307 

regulatory perspective. On the one hand, Elferink-Gemser & Hettinga (2017) proposed a 308 

model for the performance development of youth athletes in endurance sports, highlighted the 309 

importance to include pacing in talent development programs and matched pacing with the 310 

forethought, performance, and self- reflection phase of Zimmerman’s theory of self-311 

regulation of learning (Zimmerman, 2006). Based on this framework, skills like planning, 312 

monitoring and evaluating, are crucial for the development of pacing, as athletes need to plan 313 

their performance before the race, monitor their pacing behaviour during the race and 314 

evaluate their actions afterward (Jonker, Elferink-Gemser & Visscher, 2010) in order to 315 

achieve an optimal sport performance. On the other hand, Brick, MacIntyre & Campbell 316 

(2014; 2015), tried to give an explanation of why and when elite endurance athletes initiate 317 

cognitive strategies in running settings and proposed an alternative self-regulatory framework 318 

of cognitive control and attentional focus during endurance performance. More specifically, 319 

this theoretical framework based on features of planning, monitoring, evaluating skills but 320 

also metacognitive experiences like feelings (inform the person about performance in the 321 

form of a feeling) and judgements (the result of both implicit and explicit processes; Brick et 322 

al., 2015).  323 
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     Behaviour (pace) and thinking (attention) are critical components of self-regulation and 324 

what athletes are thinking about influences physiological outcomes, effort perceptions and 325 

sports performance (Brick, MacIntyre & Campbell, 2016). A method that uses the 326 

metacognitive framework of Brick et al. (2014; 2015) to collect cognitive thought processes 327 

in sports like cycling (Massey et al., 2020; Whitehead et al., 2018) is the Think Aloud (TA) 328 

protocol (Ericsson & Simon, 1980). The TA protocol requires participants to actively engage 329 

in the process of verbalising their thoughts during an exercise task (Ericsson & Simon, 1993) 330 

and in a later stage, the verbalisations are coded in four primary themes (Internal Sensory 331 

Monitoring, Outward Monitoring, Active Self-Regulation and Distraction; Whitehead et al., 332 

2018; Brick et al., 2014; 2015). Massey et al. (2020) and Whitehead et al. (2018) applied the 333 

TA protocol in participants during a cycling trial and found that trained cyclists have more 334 

task relevant thoughts whereas novice athletes focus mostly on task completion and use 335 

distractive cognitive strategies to overcome perceptions of fatigue and pain. It is interesting 336 

however that both trained and novice cyclists verbalise notably more motivational thoughts in 337 

the final stage of the trial (Whitehead et al., 2018), an observation in line with the findings by 338 

Brick, Campbell, Sheehan, Fitzpatrick & MacIntyre (2018) who revealed that endurance 339 

athletes use self-regulatory strategies like the motivational self-talk to deal with negative 340 

thoughts.  341 

     With a purpose to get a novel insight into the interaction of cognitive and visual processes 342 

that are occurring during a performance trial, Massey et al., (2020) combined the TA protocol 343 

with an eye-tracking technique (measure of overt attentional allocation). More specifically, 344 

eye-tracking glasses were worn by participants and allowed researchers to identify different 345 

areas of interest during an exercise bout (time elapsed, heart rate, distance covered, power, 346 

speed, cadence, and course scenery). The course scenery was the most viewed area of interest 347 
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for both novice and trained cyclists however, no significant differences were found in 348 

information-seeking behaviour between the two groups (Massey et al., 2020). It is worth 349 

mentioning that Boya et al. (2017) also used an eye-tracking technology to compare 350 

information acquisition behaviour between novice and experienced cyclists during a 16.1 km 351 

trial. The results revealed that novice athletes had a greater dependence upon distance 352 

feedback, and they were less consistent in their information acquisition behaviour compared 353 

to the experienced cyclists (Boya et al., 2017). Interestingly, in another eye-tracking study 354 

(Konings, Foulsham, Micklewright & Hettinga, 2020), researchers considered a virtual 355 

opponent as an additional information feedback category during a 4 km cycling trial. The 356 

findings highlighted that the information-seeking behaviour of cyclists depends on the 357 

circumstances in which the cyclists have to act, and a higher interdependency between a 358 

cyclist and an opponent increases the attentional focus on the virtual opponent (Konings, 359 

Foulsham, Micklewright & Hettinga, 2020). Based on all of the above, it is critical for future 360 

research to pay special attention to the TA protocols and eye-tracking techniques. As a more 361 

realistic sports environment could lead to different thought processes compared to a 362 

controlled laboratory research condition, future research should use the TA protocols and 363 

eye-tracking techniques in field research settings with a special attention to the coping 364 

strategies of athletes in the final stages of the exercise task. It could be also illuminating to 365 

investigate the self-regulatory strategies and thoughts of individuals via those two approaches 366 

in team sports. Team sports require a numerous set of cognitive skills (Gu et al., 2019) and 367 

players could adopt a more complicated cognitive thought process and information-seeking 368 

behaviour compared to athletes in individual sports. 369 

     Executive functions play a key role in the regulation of exercise intensity and deficits or 370 

challenges in these functions could lead to reduced pacing performance (Cona et al., 2015). 371 
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Cona et al., (2015) administered a battery of computerized tests and compared the cognitive 372 

performance of faster and slower ultra-marathon runners. They found that faster runners have 373 

better motor inhibition and are more efficient at performing two tasks simultaneously. In 374 

comparison, the cognitive performance of slower runners seems to be more influenced by 375 

emotional stimuli. Executive functions seem to be also involved in other critical components 376 

of pacing such as decision-making under risk (Schiebener et al., 2014) however, this need 377 

further investigation in sports performance settings. Furthermore, the ability to sustain 378 

attention to a goal-directed action, recall a pre-race strategy from working memory 379 

(updating), resist self-generated and environmental distractions (inhibition) and adjust a 380 

pacing strategy according to opponents’ behaviour (shifting) are executive functions that 381 

support the self-regulatory process involved in pacing (Hyland- Monks et al., 2019). Taking 382 

the importance that has been recently given to executive functions in pacing into 383 

consideration, there is a lot of scope for future research in this area. As exercise impacts on 384 

cerebral hemodynamics (blood flow) and brain networks that related to executive functions 385 

(Damoiseaux et al., 2008; Seeley et al., 2007; Hsu et al., 2014; Dayan & Cohen, 2011), non-386 

invasive methods like functional magnetic resonance imaging (fMRI) and near-infrared 387 

spectroscopy (NIRS) could help us better understand the brain activity differences during an 388 

exercise bout of athletes of different developmental ages and to examine the impact of 389 

opponents and opponents’ behaviour on athletes’ brain activation. 390 

 391 

Intellectual Impairment, Pacing and Sports Performance 392 

Pacing-specific Limitations 393 
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     In order to examine the impact of II on pacing behaviour, a critical objective of this review 394 

is to explore the cognitive deficits of individuals with II that relate to pacing. A diagnostic 395 

component of II is that the individual has significantly impaired intellectual capacities as 396 

identified by a total IQ score two standard deviations below the average (IQ≤75). This means 397 

that an athlete may have impaired cognitive abilities including problem solving, reasoning, 398 

planning, judging, abstract thinking, decision making and learning by experience (American 399 

Association on Intellectual and Developmental Disabilities (AAIDD), 2010, Van De Vliet et 400 

al., 2006; Van Biesen et al., 2016). These complex skills are crucial for sufficient regulation 401 

of exercise intensity and so are implicated in poor pacing control (Aitchison et al., 2013 402 

Smits et al., 2014). 403 

     Individuals with II are also dealing with limitations in adaptive behaviour (social, 404 

conceptual, and practical skills; AAIDD, 2010), and significant indices of adaptive behaviour 405 

are robustly correlated with self-regulation (Buckner, Mezzacappa, & Beardslee, 2009). Poor 406 

self-regulation has been shown to negatively impact on daily life and learning new skills, 407 

especially for people with II (Mithaug, Mithaug, Agran, Martin, & Wehmeyer, 2003) and 408 

also on pacing (Elferink-Gemser & Hettinga, 2017). Goal determination, problem solving, 409 

self-management and adaptability are some of the strategies to effectively self-regulate 410 

(Agran, 1997) and Whitman (1990a; 1990b) demonstrated a generalised shortfall of these 411 

self-regulation strategies in a sample of people with II.  412 

     Furthermore, Moreno & Saldana (2005) highlight the importance of self-regulation in 413 

limitations of individuals with II. Van Biesen et al. (2016), via the Generic Cognitive Test 414 

Battery (GCTB), assessed cognitive abilities and cognitive functions relevant to sports went 415 

one step further and demonstrated reduced skills, like proactive cognitive control (goal-416 
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oriented processing of information, anticipatory regulation) and attention, which impact upon 417 

pacing in elite athletes with II. Previous research has also demonstrated differences in 418 

executive functioning in individuals with II (Costanzo et al., 2013; Danielsson, Henry, 419 

Rönnberg & Nilsson, 2010; Lanfranchi, Jerman, Dal Pont, Alberti & Vianello, 2010). More 420 

specifically, visuospatial difficulties (Costanzo et al., 2013), shifting between tasks shortfalls 421 

(Danielsson et al., 2010), low levels of inhibition and limited strategies for sustaining 422 

attention (Lanfranchi et al., 2010) have been observed in people with II. 423 

 424 

Intellectual Impairment and Pacing 425 

     Micklewright et al., (2011) and Lambrick et al., (2013) have confirmed that pacing is 426 

influenced by cognitive development. However, they focused only on different cognitive 427 

development stages of children without II. Many aspects of pacing ability of individuals with 428 

II are still unknown, as there are only a couple of studies (Van Biesen et al., 2016a; 2016b) 429 

that investigated the regulation of exercise intensity in this population. The first study (Van 430 

Biesen et al., 2016a) included elite runners with and without II (equally well-trained), and the 431 

aim was to investigate a core element of pacing behaviour, the ability to maintain a pre-432 

planned submaximal velocity. The results revealed that athletes with II have the tendency to 433 

deviate more from the targeted pace than athletes without II, especially when coach feedback 434 

was not provided. Additionally, this group was not able to maintain its pacing without 435 

auditory feedback and athletes with II encountered difficulties to perform at an externally 436 

imposed pace. The findings of this study strengthen the assumption that intellectual 437 

functioning is involved in pacing. 438 
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     In the second study Van Biesen et al., (2016b) analysed the pacing profiles of 400 meters 439 

and 1500 meters runners with and without II during competitive track races. Significant 440 

differences in pacing profiles, especially during the first half of the trials, were observed 441 

between the two groups with runners with II regulating their exercise intensity differently and 442 

with greater variance compared to runners without II in both 400- and 1500-meters races. The 443 

results support the supposition that individuals with II are less able to regulate their exercise 444 

intensity compared to individuals without II. This is an important finding as it suggests that 445 

athletes with II might find it harder to run to a tactical strategy and also may not be able to 446 

respond to an opponents’ affordances (decision-making) as effectively, suggesting that 447 

limited cognitive resources may constrain the successful integration of appropriate pacing 448 

behaviour during competitive races. 449 

 450 

Pacing and Classification of Paralympics Athletes 451 

     The International Paralympic Committee (IPC) has adopted an evidence-based approach 452 

to classification (Tweedy & Vanlandewijck, 2011), which classifies participants according to 453 

the impact of their impairment on sport performance and requires all Paralympic athletes to 454 

be classified through this approach. Classification of athletes with II occurs after primary 455 

eligibility has been determined (athletes meet the diagnostic criteria of II) and it is sports 456 

specific, as the impact of impairment on sports performance needs to be established (IPC, 457 

2015). Initially, the GCTB that assesses the cognitive abilities which are critical in sports 458 

(Van Biesen et al. 2016) is used, and it is common for all athletes. Hereafter, a sport specific 459 

‘minimum impairment’ criterion has to be established, in order to demonstrate that the 460 

severity of the impairment is significant enough to require Paralympic inclusion (IPC, 2015). 461 
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Lastly, the observation of athletes with II in competition is the fourth and the final step of the 462 

classification process (IPC, 2015). Efforts are currently underway to provide a conceptual 463 

approach to classification of athletes with II in Paralympics (Van Biesen, Burns, Mactavish, 464 

Van de Vliet & Vanlandewijck, 2020). 465 

     The impaired cognitive abilities of athletes with II are implicated in poorer athletic 466 

performance and as such, form part of the Paralympic approach to classification of athletes 467 

with II (Burns, 2015). At the same time, pacing specific limitations may lead athletes with II 468 

to impaired sports performance. Sports-specific cognitive abilities like attentional control and 469 

executive functioning that are evaluated in the first part of the classification procedure using 470 

the GCTB (Van Biesen et al. 2016), are crucial in pacing performance and impaired in people 471 

with II (Hyland- Monks et al., 2019). More specifically, the GCTB evaluates cognitive skills 472 

which have a general application across most sports and impacts on the execution of complex 473 

skills such as pacing in running events (IPC, 2015). At the third stage of the evidence-based 474 

classification athletes are asked to perform a sport-specific test, in which the key 475 

determinants of sport performance are assessed. For example, in running events, athletes with 476 

II are asked to perform a pacing test (IPC, 2015). Van Biesen et al. (2016a; 2016b) research 477 

findings indicate that runners with II are less capable to regulate their exercise intensity over 478 

the race compared to runners without II  and mainly, the inability of athletes with II to keep a 479 

steady pace over a race and led the decision to reinclude athletics in the Paralympic Games as 480 

well as to establish pacing as a critical skill to demonstrate the impact of II (IPC, 2015). 481 

 482 

Discussion and Future Directions 483 
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     There is a growing body of literature that highlights the important role of cognition in 484 

pacing and reveals pacing factors which depend on intellectual capacity (Abbiss & Laursem 485 

2008; Elferink-Gemser & Hettinga, 2017; Van Biesen et al., 2016; Van Biesen et al., 2016a; 486 

Van Biesen et al., 2016b; Micklewright et al., 2011; Lambrick et al., 2013). Metacognitive 487 

skills like the ability to use previous experiences, plan in advance, keep track of the actions 488 

during the performance and evaluate this performance afterwards, are strongly connected 489 

with pacing (Elferink-Gemser & Hettinga, 2017). Additional cognitive abilities relevant to 490 

pacing and performance are the capability to correctly judge and react (decision-making) to 491 

the actions of your opponent (Konings et al., 2016) and the ability to keep conscious attention 492 

focused on the performance. (Hyland-Monks et al., 2019). All of these factors are linked to 493 

the cognitive capacity of participants and having an II could have a deleterious impact on 494 

pacing behaviour and sport performance, however, further research is needed to explore the 495 

cognitive skills that are consisting the complex behaviour of pacing. For instance, research 496 

should directly investigate the impact of executive functions on pacing behaviour and explore 497 

the difference of those skills between athletes with and without II and between athletes with 498 

II in different developmental stages (adolescents and adults). An interesting research 499 

approach could be the administration of executive function tests and the application of the 500 

fMRI method in athletes with II during an exercise bout (e.g. running). The executive 501 

function tests will assess concepts which are critical in pacing like the mental flexibility, 502 

inhibitory control and working memory of athletes with and without II (Hyland- Monks et al., 503 

2019) and fMRI will detect activations of the brain networks that are related to these 504 

executive functions (Raichlen et al., 2016; Damoiseaux et al., 2008; Seeley et al., 2007; 505 

Dayan & Cohen, 2011).  506 
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     Moreover, as the athlete-environment interaction is a critical cognitive component of 507 

pacing (Smits et al., 2014; Hettinga et al., 2017), the impact of affordances (Gibson, 1977; 508 

1979) on pacing behaviour of athletes with II needs more attention. Due to deficits in 509 

executive functions (cognitive flexibility; Van Biesen et al., 2016) and adaptive behaviour 510 

(AAIDD, 2010), opponents could influence the decision making of athletes with II and lead 511 

them in a greater deviation from the theoretically optimal pacing strategy compared to non-II 512 

athletes. More research is needed to unravel how athletes with II react to opponent’s presence 513 

as well as opponents’ different pacing behaviours (positive, negative and even pacing 514 

strategy) during competition and to explore the impact of opponents on sports performance of 515 

athletes with II. 516 

     It is clear that the research so far has only started to unravel the complex pathways 517 

between cognition, pacing and performance. For instance, a couple of studies investigated the 518 

pacing ability of athletes with II in the discipline of running (Van Biesen et al., 2016a; 519 

2016b). However, running is considered a ‘closed skill’ (relatively stable, predictable, and 520 

controlled environment) that requires a limited set of cognitive skills to be executed (Gu et 521 

al., 2019). For this reason, it could be beneficial to expand our research to more ‘open’ skills’ 522 

activities which require a wider range of cognitive skills (Gu et al., 2019) like team sports. 523 

Even if there is a growing interest of pacing in team sports in general (Ferraz et al., 2018; 524 

Edwards & Polman, 2012; Waldron & Highton, 2014), the regulation of exercise intensity in 525 

team sports for people with II also needs attention. Currently work is ongoing in order to 526 

investigate the differences on pacing behaviour and performance between basketball players 527 

with and without II (Khudair, Van Biesen, Pérez-Tejero, & Hettinga, 2020). More 528 

specifically, Khudair et al. (2020) coded four movement categories that represent different 529 

levels of intensity: jumping, standing, walking, and running (Narazaki, Berg, Stergiou & 530 
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Chen, 2009). This approach is easily applicable in various team sports (e.g. football, 531 

handball, and volleyball) and could shed some light on the pacing differences between II and 532 

non-II team players. 533 

     This literature review has also illuminated connections of pacing with the cognitive and 534 

sport specific skills tested within the Paralympic classification procedure for athletes with II. 535 

As pacing is a considerable factor of sport excellence in many sports, like cross-country 536 

skiing, cycling, swimming and speed skating (Wiersma et al., 2017; McGibbon, et al., 2018; 537 

Whitehead et al., 2018; Menting et al., 2019), sport-specific pacing tests, such as those 538 

available in athletics (Van Biesen et al, 2016a), could be a crucial step for the development of 539 

an evidenced-based classification system for these sports. For example, the investigation of 540 

the ability of athletes with II to maintain a sub-maximal velocity (a core element of pacing) 541 

during a 5 kilometres Nordic skiing cross-country trial, could be the first step to develop a 542 

specific classification systems in Nordic skiing according to the guidelines of the 543 

International Paralympic Committee. More specifically, the comparison of pacing ability 544 

between skiers with and without II could reveal the impact of II on pacing and sports 545 

performance in Nordic skiing settings. 546 

     In the past few years, there is a growing interest in research of team sports for people with 547 

II and various studies have tried to identify how II impacts on basketball performance (Pinilla 548 

et al., 2016; Pinilla, Pérez-Tejero, Biesen & Vanlandewijck, 2015; Pinilla, Pérez-Tejero, 549 

Biesen & Vanlandewijck, 2016). This is a critical step to develop an evidence-based 550 

eligibility system for II-basketball according to the guidelines of the IPC. However, as pacing 551 

is a critical component of sports performance in team sports (Ferraz et al., 2018; Edwards & 552 

Polman, 2012; Waldron & Highton, 2014) it could be also rewarding to investigate the 553 
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importance of pacing in the II evidence-based classification process of sports like basketball 554 

and football with a purpose to enable the process of inclusion of these sports in Paralympics 555 

in the future. For instance, different team game-based scenarios could significantly influence 556 

the pacing behaviour of players with II and affect their sports performance. Due to cognitive 557 

limitations, it is expected the match status manipulation (winning/losing) and task duration 558 

knowledge to significantly affect the pacing behaviour of players with II in team game-based 559 

activities. On the other hand, it is already known that match status manipulation did not 560 

influence the pacing activity profile of players without II when the players were aware of the 561 

exercise task duration (Ferraz et al., 2018).    562 

     Additionally, as sport-specific skills in the classification system should be resistant to 563 

training, it would be beneficial to investigate the abilities of individuals with II to train and 564 

improve their pacing behaviour. For instance, the examination of pacing behaviour 565 

differences between trained and novice athletes (individual sports) or players (team sports) 566 

with II will help researchers to better understand this issue. If research demonstrated the 567 

ability of athletes with II to train and improve the maintenance of a pre-planned submaximal 568 

velocity, the use of pacing tests in evidence-based classification might need to be revisited. 569 

Progressing all the directions above will provide a clearer picture of the impact of cognition 570 

in pacing and could contribute to introducing elite athletes with II into further Paralympic 571 

sports, as they will enrich the strategies to achieve evidence-based classification for athletes 572 

with II. 573 

 574 

Conclusion 575 
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     This review provided a broader understanding of the cognitive basis of pacing, by 576 

bringing together concepts like decision making, self-regulation and executive functions, 577 

indicating that the role of those cognitive skills contribute as significant factors of adequate 578 

pacing. It has set out the case as to why II may impact on the pacing skills of these athletes 579 

and result in lower sports performance. It also illustrated how pacing ability can be an 580 

important component of an evidence-based classification system. However, further research 581 

is required to clarify the impact of II on pacing and sports performance, and if this is a 582 

training resistant factor. More research is needed to fully uncover the impact of cognitive 583 

mechanisms on regulation of exercise intensity and to establish pacing as a reliable eligibility 584 

component in various Paralympic sports for athletes with II. Thus, this review also proposed 585 

future research directions that could shed more light on the different cognitive components of 586 

pacing. 587 
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