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Abstract 24 

Pacing places a high demand on intellectual functioning and has been found useful for classification of 25 

athletes with intellectual impairments (II). This may also be true in open-loop sports like basketball. The 26 

aim of the current study was to investigate the pacing behaviour of basketball players with and without 27 

II. Using time-motion analysis, the activity of elite basketball players with II (n=37) and amateur players 28 

without II (n=34) was coded into four movement categories over eight periods of each game: standing, 29 

walking, running and jumping. Following two-way ANOVA, an effect of group showed differences between 30 

groups in duration and frequency of the movement categories within each period of the games. 31 

Additionally, an effect of time suggested that players in both groups paced their performances. However, 32 

no interaction was found, indicating that pacing may not be different between groups. In conclusion, the 33 

results suggest that due to the dynamic nature of basketball, the included players paced more intuitively 34 

by responding to environmental cues and using less deliberate planning. The players with II demonstrated 35 

slower games, which may be due to an impaired ability to make quick moment-to-moment deliberate 36 

decisions. These skills should be further studied in the context of evidence-based classification.  37 

Keywords: Disability, cognition, decision-making, team sports, regulation of energy expenditure. 38 
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It is important for athletes to regulate the exercise intensity in athletic performances in order to avoid the 43 

effect of early fatigue and, at the same time, avoid underperforming. This is also known as pacing – the 44 

goal-directed regulation of exercise intensity throughout an exercise bout (Smits et al., 2014). The 45 

decision-making process for either increasing or reducing exercise intensity in order to adapt to the 46 

environment is dependent on cognitive abilities (Brick et al., 2016; Smits et al., 2014). Athletes with 47 

intellectual impairment (II), unlike athletes without II (non-II), have limitations in intellectual functioning 48 

and adaptive behaviour (Gilderthorp et al., 2018) and due to the lower levels of cognitive abilities and 49 

executive functioning, they may find it particularly difficult to pace athletic performances (Van Biesen et 50 

al., 2016b). It has been highlighted in previous research that there is a need for research on athletes with 51 

II that provides input for the creation of evidence based classification systems for II-sports (Tweedy et al., 52 

2016). In describing the process of creating evidence-based classification systems, Tweedy et al. (2016) 53 

called for the development of sport-specific measures of determinants of performance that are impacted 54 

by the impairment. Pacing has been investigated in middle-distance runners with and without II, which 55 

has shown significant differences in pacing between the groups, highlighting the impact of the impairment 56 

on pacing abilities and providing input for classification of runners with II in athletics (Van Biesen et al., 57 

2016a).   58 

In an open-loop team sport like basketball, the above may be especially true. An open-loop sport, as 59 

opposed to a closed-loop sport, is one where athletes are required to react in a dynamically changing, 60 

unpredictable and externally-paced environment (Wang et al., 2013). Therefore, pacing is more externally 61 

regulated as players frequently respond and adapt to environmental changes imposed by the events of 62 

the game, as well as by teammates and opponents (Waldron & Highton, 2014). In addition, basketball is 63 

a high-intensity intermittent sport, where players frequently perform short bursts at high intensity (Read 64 

et al., 2014). In order to maintain the ability to perform high-intensity bursts throughout a 40-minute 65 

basketball game, it is important for players to regulate the frequency and duration of these bursts, thereby 66 
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deciding on how and when to invest their energy throughout the game (Waldron & Highton, 2014). As 67 

this is a cognitively demanding task, it may be impacted by II and differences in pacing behaviour may 68 

exist between players with and without II. 69 

Previous research, which for the most part has studied closed-loop individual sports, has shown that in 70 

order to pace their performance, athletes make use of pre-planned pacing strategies that are based on 71 

knowledge of the likely demands of the game, experience and the goals concerning their performance 72 

(Edwards & Polman, 2013). However, athletes do not always pace their performances according to their 73 

pre-planned pacing strategies (Van Biesen et al., 2017). In addition to their pre-planned pacing strategies, 74 

they respond to their internal states, i.e. physiological states like fatigue, and psychological states like 75 

motivation and emotions; and environmental cues like events of the game, opponents, teammates and 76 

spectators (Konings et al., 2016; Tucker, 2009; Van Biesen et al., 2016a). In athletes with II, Van Biesen et 77 

al. (2017) compared the ability to maintain a pre-planned pacing strategy in 400 m running trials between 78 

elite runners with and without II. They found that runners with II deviated more from the pre-planned 79 

pacing strategy compared to the runners without II in both the first 200 m of the race, where they received 80 

external guidance and during the remaining 200 m of the race, where they did not receive any external 81 

guidance. Thus, runners with II showed difficulties in maintaining the pre-planned pacing strategy, both 82 

when they received external guidance and when they were to self-regulate the intensity. In another study, 83 

Van Biesen et al. (2016a) investigated the pacing behaviour of elite middle distance runners (400 m and 84 

1500 m) with and without II. They found that the runners with II paced their races differently compared 85 

to the runners without II and the optimal pacing strategy of a world record holder. Although these findings 86 

are derived from research in a closed-loop sport, they explain, to some extent, the lower performance 87 

level of runners with II compared to runners without II and may be true in open-loop team sports as well 88 

as these findings relate to the shortfalls in intellectual functioning in athletes with II (Gilderthorp et al., 89 

2018).  90 
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Research in II basketball has demonstrated the negative impact of II on different basketball performance 91 

aspects. For example, Pinilla (2016) studied the key game related statistics for team success by analysing 92 

the 13 games (63 players) at the 2013 INAS (now VIRTUS) World Basketball Championships in Ankara, 93 

Turkey. They found that assists and successful 2-point attempts were discriminant variables to success in 94 

II basketball competitions, as in non-II basketball. However, defensive rebounds discriminated in 95 

competitions for non-II but not for II. In addition, steals and offensive rebounds were only discriminant in 96 

competitions for II, which increases the number of ball possessions per game. Relevancy of assists 97 

reflected the importance of teamwork in both competitions for non-II and II. However, the lower shooting 98 

efficiency of players with II suggests possible limitations on decision making capacity or offensive tactics. 99 

Consequently, second opportunities to score, following offensive rebounds and opportunities to score 100 

under low defensive pressure in fast-breaks after a steal seem to take relevance to increase successful 2-101 

point attempts in players with II (Pérez-Tejero et al., 2015). In all playing positions, players with II 102 

presented more unsuccessful 2-point attempts and a lower shooting percentage in all kinds of shots ( 103 

Pinilla et al., 2017). Similar findings in game-related statistics have been found in elite basketball players 104 

without II. It was found that players who are able to maintain high defensive pressure throughout a game, 105 

and thereby able to maintain a higher pace than their opponents, were also able to recover the ball more 106 

often, creating additional scoring opportunities from turn-overs, steals and defensive rebounds (Sampaio 107 

et al., 2010).  108 

Adding to these findings, it is particularly important to further our understanding of how athletes with II 109 

adapt to and behave in a dynamic environment such as basketball competition, where the environmental 110 

demands are amplified. The environmental demands make pacing-related decision making difficult as it 111 

depends on cognitive skills (Smits et al., 2014). The studies that investigated the pacing behaviour of 112 

players without II in high-intensity intermittent team sports have shown that the prominent pacing 113 

behaviour that is seen in matches is slow-positive, indicating a gradual decline of high-intensity running 114 
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over the course of a match, with 10-20% from the first to the second half and 20-30% from the first 115 

quartile of the match to the last quartile (Waldron & Highton, 2014). As these findings suggest fatigue, it 116 

has been found that players in high-intensity intermittent team sports increase the length of recovery 117 

duration between high-intensity bursts towards the latter parts of the game in order to recover, which 118 

helps maintain the ability to perform the high-intensity bursts (Black & Gabbett, 2014; Edwards & Noakes, 119 

2009). This way, the athletes are able to regulate their efforts in the moment in anticipation of fatigue as 120 

part of a larger pacing strategy aimed at successfully completing the game without physiological failure 121 

(Edwards & Noakes, 2009). Additionally, differences between groups of playing position in activity have 122 

been established in previous studies on basketball players without II. Ben Abdelkrim et al. (2007) found 123 

differences in percent time spent in high intensity activity between under-19 players without II in different 124 

playing positions. This relates to the different task demands on players in the different playing positions, 125 

mainly relating to the differences in distances covered over the course of a game (Ben Abdelkrim et al., 126 

2010). The above has been further operationalized by Edwards and Noakes (2009) who proposed a three-127 

level model of the individual pacing behaviour in high-intensity intermittent team sports describing the 128 

regulation of intensity at three different levels. On the first level of pacing (macro-pacing), the players 129 

plan the pacing strategy ahead of a game based on past experiences and anticipated demands of the 130 

upcoming game to allow completion of the game without reaching physiological (and psychological) 131 

failure. The second level of pacing (meso-pacing) relates to an inter-half adjustment of the macro-pacing 132 

strategy, where players adjust the initial pacing strategy to current physiological and psychological states 133 

in relation to game demands. The third level of pacing (micro-pacing) is made up of in-the-moment 134 

adjustments of the pace, where the players decide on maintaining or reducing the intensity in order to 135 

maintain the ability to complete sprints (Edwards & Noakes, 2009). Thus, it has been established that 136 

athletes in high-intensity intermittent team sports engage in pacing to achieve the best possible 137 

performance. However, to date, no research has investigated the pacing behaviour of athletes with II in 138 
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basketball, or any high-intensity intermittent II team sport. Therefore, investigating the pacing behaviour 139 

of athletes with II in a sport such as basketball may shed light on much needed factors influencing the 140 

adaptability and performance of athletes with II. 141 

In order to further our understanding of the pacing behaviour of athletes with II in a high-intensity 142 

intermittent team sport, the aim of the current study was to investigate the pacing behaviour of basketball 143 

players with and without II. The hypotheses were: (1) Players with II show a larger decline in the frequency 144 

and duration of running/jumping bouts over the course of the game compared with players without II. 145 

This difference will be found between the main II and non-II groups as well as for the different playing 146 

positions. (2) Players with II will show both an increase in recovery duration and a reduced frequency of 147 

running/jumping bouts earlier in a match compared to players without II. (3) Players with II show lower 148 

overall frequency and duration of high-intensity activities, i.e. running and jumping, and higher overall 149 

duration and frequency of low-intensity activities, i.e. standing and walking. 150 

Materials and methods 151 

In order to investigate the pacing behaviour of basketball players with and without II, videos of official 152 

basketball games for II and non-II players, respectively, were used. Two games from the 2013 INAS World 153 

Basketball Championships in Ankara, Turkey (final game and the game for 3rd place), including four teams 154 

(n=37), constituted the II group. The present study was approved by the KU-Leuven ethical committee 155 

(ref: s57643) and it was supported by INAS and IPC. The 2017 and 2018 finals of the Dutch Promotion 156 

Division league, including four teams (N=34), constituted the non-II group. The Dutch Promotion division 157 

is an amateur league in which players match the training volume of the players with II, which is 3/5 training 158 

sessions per week, and therefore the two groups were considered comparable. Ethical approval for the 159 

use of the publicly available matches of the Dutch Promotion Division was obtained from the local ethical 160 

committee at Northumbria University (ref: 21126). Thus, the complete sample of players was divided into 161 
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two main groups, II and non-II. Therefore, each of the two main groups was further divided into three 162 

playing position groups: guards, centers and forwards. 163 

Using time-motion analysis provides the time spent in different movement categories, i.e. different 164 

intensities, which provides information on players’ distribution of energy during the game (McInnes et al., 165 

1995; Narazaki et al., 2009). The games were recorded with one camera from the midline of the court and 166 

panned to follow the players as they moved across the court. The games were coded by one investigator 167 

using Solomon Coder Version: beta 19.08.02, which is software used to code specific behaviour from video 168 

footage in real time (Péter, 2019). Four movement categories were coded that represent levels of 169 

intensity: standing, walking, running and jumping (Narazaki et al., 2009). The four categories were coded 170 

according to types of locomotion as follows; standing: both feet in contact with the floor without moving, 171 

walking: moving in any direction with one foot touching the floor at all times and no flight phases, running: 172 

moving in any direction with both single and double support, including a flight phase in each stride, 173 

jumping; moving vertically or horizontally with both feet released from the floor (Narazaki et al., 2009). 174 

The videos were coded with a temporal resolution of 0.02 seconds to match the frame rate of the video 175 

and later reduced to a temporal resolution of 1 second. This was to reduce the data to one movement 176 

category per second and allow the calculation of duration and frequency of each movement category. If 177 

multiple movements were performed within a 1-second window, each 1-second window included the 178 

most performed movement (Narazaki et al., 2009). The time in which the ball was considered “dead” was 179 

excluded from the data used for the statistical analyses (FIBA, 2018). The ball was considered dead during 180 

free throws and the time between consecutive free throws; during the time from when an official blows 181 

the whistle until the ball is thrown in and becomes at the disposal of the players; during the time from 182 

when the shot clock sounds after one team’s possession time is over until the ball is thrown in and 183 

becomes at the disposal of the players; and after the game clock sounds the end of the quarter or overtime 184 

(FIBA, 2018). Each played quarter was divided into two periods of equal length, yielding 8 periods per 185 
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game (Black & Gabbett, 2014). As all players were substituted during the games, the pacing behaviour of 186 

each player was analysed for the duration of their playing time and the periods that they played during 187 

the games. 188 

For test-re-test reliability, one full quarter was coded by the same investigator on two occasions with 189 

three weeks between the occasions for two players, one with II and one without II. Second-by-second 190 

data was used to calculate the intraclass correlation coefficient (ICC) separately for the players in a two-191 

way mixed model of single-rater type and absolute agreement definition (Koo & Li, 2016). ICC for both 192 

players were considered excellent: for the player with II ICC=0.91 (CI 95%: 0.90-0.92) and the player 193 

without II ICC=0.93 (CI95%: 0.92-0.94).  194 

Statistical analysis 195 

The data reduction and analysis were performed in R (R Core Team, 2019). The second-by-second activity 196 

was reduced to running, jumping, walking and standing frequency (n/min) and duration (s/min), dividing 197 

the number of actions by the number of minutes played within each period, and further combined into 198 

running and jumping frequency (RJF), walking and standing frequency (WSF), running and jumping 199 

duration (RJD) and walking and standing duration (WSD; Black & Gabbett, 2014). The sample was stratified 200 

by Group (II and non-II), playing Position (center, forward and guard) and Match outcome (winning and 201 

losing). In addition, the eight-level factor Period was included to represent the eight time points across 202 

the games.  203 

In order to investigate the differences in the pacing behaviour between the players with and without II 204 

across the 8 periods, two-way (2x2) repeated measures analysis of variance (ANOVA) was performed to 205 

analyse the effect of Group using RJF, WSF, RJD and WSD as dependent variables, respectively. Period was 206 

used as the within-subjects factor, and Group (II and non-II) as the between-subjects factor. Similarly, 207 

three-way repeated measures ANOVA was performed to analyse the effects of playing position, using RJF, 208 
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WSF, RJD and WSD as dependent variables, Period as the within-subjects factor, Group as the first 209 

between-subjects factor, and Position as the second between-subjects factor. Partial Eta squared was 210 

calculated for effect sizes to indicate the proportion of within- and between-subjects variations in 211 

movement categories with magnitudes set to small = 0.01, medium = 0.06 and large = 0.14 (Cohen, 1988). 212 

For both two-way and three-way ANOVA, Bonferroni was used as the method for post hoc correction. In 213 

the case of violation of the assumption of sphericity, according to Maulchy’s test of Sphericity, the 214 

Greenhouse Geisser correction was used for interpretation of the results. Other tested assumptions were, 215 

Levene’s test of homogeneity of variance and the normality of the residuals according to Shapiro-Wilk’s 216 

test. The level of significance was set to α = 0.05.  217 

Results 218 

The two-way repeated measures ANOVA showed significant main effects of Period and Group for RJF, RJD 219 

and WSD, showing that the non-II group maintained a higher frequency and duration of running and 220 

jumping and lower duration of walking and standing than the II group throughout the games, and that 221 

both groups varied in RJF, RJD and WSD over the eight periods. No main effects were found for WSF, 222 

suggesting no differences between the groups in WSF, and none of the groups varied in WSF throughout 223 

the games (Table 1). No significant interaction effects were found for either of these variables, suggesting 224 

that the distribution of the RJF, WSF, RJD and WSD may not be significantly different between the II and 225 

non-II groups. Table 1 shows the results of the two-way ANOVA for the four dependent variables. For the 226 

post-hoc analysis of the two-way ANOVA, see Figure 1.  227 

***Figure 1 near here*** 228 

***Table 1 near here*** 229 

Results of the three-way repeated measures ANOVA for Period, Group and Position (Table 2) showed a 230 

main effect of Group for RJF, where the non-II group maintained an overall higher RJF than the II group. 231 
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Centers maintained a lower frequency than guards and forwards in the II group, whereas the reverse, but 232 

smaller, differences were found in the non-II group. No interaction effect was found for RJF, suggesting 233 

that the distribution of RJF over the eight periods was not significantly different between the II and non-234 

II groups. For WSF, no main effects or interaction effects were found, suggesting that the II and non-II 235 

groups and the groups of playing positions maintained similar WSF and distributed WSF similarly across 236 

the eight periods. For RJD and WSD, main effects were found Period, Group and Position, showing that 237 

the non-II group maintained higher RJD and lower WSD than the II-group across the eight periods. The 238 

centers maintained lower RJD than guards and forwards, respectively, in both the II and non-II groups 239 

across the eight periods. The same, but reverse, results were found for WSD. The results showed no 240 

interaction effects for RJD and WSD, suggesting that the II and non-II groups as well as the groups of 241 

playing positions distributed RJD and WSD similarly over the eight periods, within playing positions, 242 

between playing positions and between II and non-II. Table 2 shows the results of the three-way ANOVA 243 

for the four dependent variables. For the post-hoc analysis of the three-way ANOVA, see Figure 2. 244 

***Figure 2 near here*** 245 

***Table 2 near here*** 246 

Discussion 247 

The current study investigated the pacing behaviour of elite basketball players with and without II. It was 248 

hypothesized that the players with II would show a larger decline in the frequency and duration of 249 

running/jumping bouts and a larger decline in walking/standing duration and frequency over the course 250 

of the game compared with players without II. This difference was hypothesized to be found between 251 

players of different playing positions as well. It was also hypothesized that players with II would show 252 

lower overall frequency and duration of high-intensity activities, i.e. running and jumping, and higher 253 

overall duration and frequency of low-intensity activities, i.e. standing and walking. The results did not 254 
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support the first two hypotheses as the players with and without II did not show differences in the 255 

distribution of intensity across the 8 periods of the games. However, the third hypothesis was supported 256 

by the results, showing that the players with and without II differed in the overall intensity throughout 257 

the games. 258 

Based on the main effects found for Group, the results of the current study show that athletes with II 259 

maintained a lower overall frequency and duration of high intensity activity (i.e. running and jumping) and 260 

a higher overall frequency and duration of low intensity activity (i.e. standing and walking) than players 261 

without II throughout the games. In the current study, the non-II group comprised the finalists of the 262 

Dutch Promotion Division league that were considered to perform a similar training volume as the elite II 263 

players. The lower intensity maintained throughout the games in the players with II may be representative 264 

of lower fitness levels compared to the players without II, which is in line with previous research on the 265 

pacing behaviour of elite runners with and without II that show differences in performance between the 266 

two groups, relating to a lower fitness level in athletes with II (Van Biesen et al., 2016a). However, Van De 267 

Vliet et al. (2006) found that elite athletes with II exhibit equal fitness levels to physically active non-268 

athletes without II, which may be representative of the training frequency and volume performed by both 269 

groups. Therefore, a lower fitness level may not entirely explain the difference in overall intensity found 270 

in the current study. Van De Vliet et al. (2006) found that athletes with II tend to show lower performance 271 

levels than their non-II counterparts, especially in cognitively demanding sports. This may be related to 272 

game comprehension. Therefore, the finding that players with II played at an overall lower intensity may 273 

be related to cognitive factors. Findings of previous studies on game related statistics (Pérez-Tejero et al., 274 

2015; Pinilla et al., 2016) and decision making in basketball specific field tests (Pinilla et al., 2016) point to 275 

intellectual functioning as a discriminant between players with and without II. For example, Pinilla et al. 276 

(2016) revealed limitations in players with II in solving different real standardized basketball situations 277 

using a field test designed ad hoc on a sample of 38 elite II-players who participated in the 2015 INAS 278 
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Global Games and 38 Spanish national-level basketball players without II. They found that decision time, 279 

number of dribbles and situations in which they succeeded were the variables that best discriminated 280 

between players with and without II. No differences were found in number of correct decisions made. 281 

Related to these findings, the slower game exhibited by the players with II relates to efficiency of 282 

movement. One previous study on elite and semi-elite basketball players without II found that the more 283 

experienced elite players performed fewer accelerations/decelerations than the less experienced players 284 

(Trapero et al., 2019). It may be that players with II are less decisive in their actions and perform energy 285 

consuming manoeuvres that may not contribute to success but lead to increased fatigue, which may 286 

ultimately result in a slower game. The differences found between players in intellectual functioning in 287 

these studies may therefore explain an overall slower game in players with II.  288 

Based on the main effect of Period within each group (II and non-II), the results show that the players in 289 

both groups regulated the intensity of their performances throughout the games. However, based on the 290 

lack of interaction effects between the II and non-II groups, the results suggest that group pacing may not 291 

be different between the two groups, i.e. the distribution of the movement categories over the eight 292 

periods of the games. The hypothesis was based on previous literature in elite runners with and without 293 

II, which showed differences between the groups in the distribution of intensity throughout their 294 

performances as well as the level of performance (Van Biesen et al., 2017; Van Biesen et al., 2016a). This 295 

research was carried out in running, which is a closed-loop sport, where the environmental influence is 296 

minimal, which might be a crucial difference with the open-loop sport basketball, where environmental 297 

factors largely determine a player’s actions. Research has highlighted the role of environmental cues in 298 

pacing-related decision-making processes in closed-loop sports in non-II populations. It was found that 299 

the introduction of opponents alters pacing behaviour of non-II cyclists through environmental cues by 300 

way of opponent behaviour (Konings et al., 2016). Thus the role of the environment on pacing is 301 

important. Micklewright et al. (2017) argued that the decision-making process for pacing is 302 
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multidimensional by nature as it does not solely depend on intrapersonal factors but also external factors 303 

such as the cues provided by the environment. Pacing can, in addition, be based on either deliberate 304 

decision making, which uses pre-planned pacing strategies or make use of rationally combined 305 

information in the moment, or intuitive decision making, which is a quick short-cut response to cues and 306 

affordances presented by the environment (Micklewright et al., 2017). Basketball is a highly dynamic 307 

environment, in which players continually perceive cues in the environment and respond to them 308 

(Waldron & Highton, 2014). The lack of differences in pacing between players with and without II in the 309 

current study may relate to the fact that intuitive decision-making is dominant over deliberate decision-310 

making in basketball. As such, this implies that a different cognitive skillset compared to closed-loop sports 311 

may be required in the basketball environment, where pacing depends more on tactical elements than on 312 

strategic planning skills, which may be important to investigate in future research on classification of 313 

basketball players with II. Relating to the three-level pacing model by Edwards and Noakes (2009), the 314 

players adapt their pre-planned macro-pacing strategies during the game both between periods of the 315 

game using deliberate decision making (meso-pacing) and using intuitive decision-making for in-the-316 

moment adjustments (micro-pacing). Based on literature, it could be suggested that planning skills related 317 

to the regulation of exercise intensity are difficult for athletes with II (Van Biesen et al., 2016a), but when 318 

pacing depends on more intuitively responding to the environment as is required in basketball, this skill 319 

might be less impaired. 320 

In this line, a recent investigation using a basketball-specific decision making test found significant lower 321 

decision-making speed and accuracy in a sample of international level senior basketball players with II in 322 

comparison with four groups of players without II (under 14, 16, 18 years old and senior), situating the 323 

performance of the players with II below the performance of the players without II in the youngest age 324 

category (Pinilla et al., submitted). As demonstrated in previous studies, individual and team 325 

performances studied through game related statistics (Pérez-Tejero et al., 2015; Pinilla, Pérez-Tejero, Van 326 
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Biesen, et al., 2016) and decision making in basketball specific field tests (Pinilla et al., 2016) and 327 

computerized tests (Pinilla et al., submitted) are different in basketball players with II compared to players 328 

without II. However still, the cognitive abilities involved directly in II basketball performance need to be 329 

identified along with their (possible) relationship with the ability to regulate their own pace themselves 330 

during competition. 331 

In addition to the environmental influence on pacing in team-sports, wherein the moment-to-moment 332 

changes in movement patterns (i.e. micro pacing) are regulated as a response to the environment and 333 

their current physiological and psychological states, they also pace to serve their role in the bigger pacing 334 

strategy of the team during the game. Athletes in open-loop team sports can be substituted during the 335 

game, as opposed to closed-loop sports where there are no breaks during the race/game (Edwards & 336 

Noakes, 2009; Waldron & Highton, 2014). Substitutions allow the athlete to rest before being substituted 337 

back into the game and, in cases of limited substitutions, they allow the coach to make strategic 338 

substitutions of fatigued players, which may be possible to plan ahead of the game (i.e. macro-pacing). 339 

This is especially true for a sport like basketball, in which unlimited substitutions are allowed (FIBA, 2018). 340 

Player substitutions have shown a positive effect on basketball performance in terms of game-related 341 

statistics, i.e. defensive efficiency, offensive rebounding, steals and scoring efficiency (Clay & Clay, 2014; 342 

Gómez et al., 2017). However, as found by Gómez et al. (2017), the effects of substitution were mostly 343 

pronounced in the first and third quarters of the games and are contextual as they are related to the 344 

dynamic nature of basketball. Additionally, substitutions are partly in the control of the coach, which 345 

implies that pacing in basketball is not only regulated by the players, but also by the coach who oversees 346 

the team-pacing strategy. As found in other sports, player substitutions have an impact on the pacing 347 

behaviour of players as those who play short durations are at a lower risk of fatigue when maintaining a 348 

high intensity. This was confirmed by Black and Gabbett (2014) who found that substituted rugby league 349 

players were able to maintain an overall higher intensity than whole-game players. Thus, substitutions 350 
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allow the overall team effort to be maintained throughout the game and further regulate the pace so that 351 

players are able to respond to play-by-play events with the required effort (Edwards & Noakes, 2009; 352 

Waldron & Highton, 2014).  353 

Further research is needed to understand the pacing behaviour of basketball players without II at different 354 

levels of competition as well as the factors that influence pacing from the perspective of decision-making 355 

in basketball, being a highly dynamic environment. In addition, further research is needed to understand 356 

decision making in athletes with II as it shows to be a key factor in performance of basketball players with 357 

II. Van De Vliet et al. (2006) mention in their study on physical profiles of athletes with II that athletes with 358 

II have difficulties improving their performance as a result of difficulties in game comprehension. The 359 

latter two points point toward research on the specific cognitive skills required by the sport of basketball, 360 

which can be useful for classification of basketball players with II. Apart from the role of decision making 361 

in pacing in basketball, further research is needed to address the effect of player substitutions on pacing 362 

behaviour of basketball players.  363 

Finally, the current study encountered a limitation that may have influenced the results. Four movement 364 

categories were chosen each to represent four levels of intensity, which, for the purpose of analysing 365 

pacing behaviour, is more relevant than including a large number of movement categories within each 366 

level of intensity as in some studies on the activity and physiological profiles of basketball players (Ben 367 

Abdelkrim et al., 2010; McInnes et al., 1995). However, the differences in overall intensity and the 368 

distribution of intensity between players with and without II may have been more pronounced by further 369 

distinguishing between levels of running, i.e. jogging and sprinting instead of running. Another limitation 370 

in the current study is related to substitutions. As players were substituted at different time points during 371 

the games, the time played by each player varied. The length of the playing time is in the control of the 372 

coach and may be planned ahead of the game or in response to events during the game. This may be 373 

especially true in II-basketball. As found in previous research, the duration of the playing time has an 374 
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influence on the pacing behaviour of players in high-intensity intermittent team sports (Ferraz et al., 375 

2018). Future studies may take this into consideration by adjusting for playing time, although this may 376 

over-/underestimate the pace at later stages during the games. Another suggestion is to include game-377 

related statistics such as ball possessions to help control for variations in playing time in the form of 378 

number of plays (Pinilla et al., 2017). Finally, the lack of additional demographic information about the 379 

players was considered a limitation of the study. Especially for players with II, information regarding 380 

measures of IQ, types of additional physical and medical issues may have allowed a more in-depth analysis 381 

and shed light on limitations in the population. Also, a comparison between the groups taking into account 382 

aspects such as length, level of experience and specific information regarding training may have allowed 383 

for a more informed match up.  384 

Conclusion 385 

The results of the current study show that basketball players with II demonstrate a lower duration and 386 

frequency in high-intensity activities and a higher duration and frequency in low-intensity activities than 387 

players without II. This partly points to the differences in physical fitness between the two groups and 388 

partly to the differences in intellectual functioning between the groups, which may result in the overall 389 

slower game for the players with II. In addition, the distribution of duration of frequency in all movement 390 

categories did not differ significantly between the players with and without II, implying that the pacing 391 

behaviour of the two groups may not differ. This is different compared to literature on closed-loop sports 392 

where pacing was found to be impaired in athletes with II. This might suggest that because of the highly 393 

dynamic nature of basketball, adequate pacing is not so much about deliberate planning skills but more 394 

about the ability to intuitively respond to environmental cues and the need for players with and without 395 

II to regulate the pace as part of a team. These intuitive decision-making skills might be relatively less 396 

impaired in the athletes with II. However, players with II demonstrated slower games, which may be a 397 

result of an impaired ability to make fast moment-to-moment deliberate decisions, a crucial element of 398 
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basketball. These deliberate decision-making skills in particular would need to be further studied in the 399 

context of evidence-based classification. 400 
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Table 1. Result of the two-way ANOVA of the difference in the movement categories (Running and 518 
jumping frequency (RJF), Walking and standing frequency (WSF),  Running and jumping duration (RJD) & 519 
Walking and standing duration (WSD)) between players with and without II over the eight periods of the 520 
games.  521 
S Greenhouse-Geisser adjustment for sphericity; * Significant at α = 0.05; ** Significant at α = 0.01; *** 522 
Significant at α = 0.001 523 

 
DF (n, d) F P ηp

2 

RJF 
    

Group   1, 40 21.71 <0.001*** 0.352 

Period 7, 280 4.701 <0.001*** 0.105 

Group * Period  7, 280 1.068 0.384 0.026 

WSF 
    

Group   1, 40 1.3 0.244 0.034 

Period 7, 280 1.905 0.069 0.045 

Group * Period  7, 280 0.522 0.818 0.013 

RJD 
    

Group   1, 40 9.077 0.004** 0.185 

Period S 7, 213.24 8.976 <0.001*** 0.183 

Group * Period S 7, 213.24 1.832 0.103 0.044 

WSD 
    

Group 1, 40 9.077 0.004** 0.185 

Period S 7, 280 8.976 <0.001*** 0.183 

Group * Period S 7, 280 1.832 0.103 0.044 
S Greenhouse-Geisser adjustment for sphericity;  
* Significant at α = 0.05; ** Significant at α = 0.01; *** Significant at α = 0.001 

 524 
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Table 2. Result of the three-way ANOVA of the difference in the movement categories (Running and 526 
jumping frequency (RJF), Walking and standing frequency (WSF),  Running and jumping duration (RJD) & 527 
Walking and standing duration (WSD))between players with and without II and between groups of 528 
playing position over the eight periods of the games.  529 
S = Greenhouse-Geisser adjustment for sphericity; * = Significant at α = 0.05; ** = Significant at α = 0.01; 530 
*** = Significant at α = 0.001 531 

 DF (n, d) F p ηp
2 

RJF     

Group   1, 24 12.109 0.002** 0.335 

Position  2, 24 0.508 0.608 0.041 

Period 7, 168 1.378 0.218 0.054 

Group * Position   2, 24 0.75 0.483 0.059 

Group * Period 7, 168 1.105 0.362 0.044 

Position * Period 14, 168 0.916 0.543 0.071 

Group * Position * Period 14, 168 0.564 0.89 0.045 

WSF 
    

Group   1, 36 2.154 0.151 0.056 

Position 2, 36 1.625 0.211 0.083 

Period S 7, 198.5 2.862 0.013 0.074 

Group * Position   2, 36 0.878 0.424 0.047 

Group * Period S 7, 198.5 0.548 0.757 0.015 

Position * Period S 7, 198.5 1.47 0.145 0.075 

Group * Position * Period S 7, 198.5 0.835 0.605 0.044 

RJD 
    

Group   1, 36 11.391 0.002** 0.24 

Position 2, 36 5.412 0.009** 0.231 

Period 7, 252 7.747 <0.001*** 0.177 

Group * Position   2, 36 0.891 0.419 0.047 

Group * Period 7, 252 1.624 0.129 0.043 

Position * Period 14, 252 0.947 0.508 0.05 

Group * Position * Period 14, 252 0.911 0.548 0.048 

WSD 
    

Group   1, 36 11.391 0.002** 0.24 

Position 2, 36 5.412 0.009** 0.231 

Period 7, 252 7.747 <0.001*** 0.177 

Group * Position   2, 36 0.891 0.419 0.047 

Group * Period 7, 252 1.624 0.129 0.043 

Position * Period 14, 252 0.947 0.508 0.05 

Group * Position * Period 14, 252 0.911 0.548 0.048 
S = Greenhouse-Geisser adjustment for sphericity;  
* = Significant at α = 0.05; ** = Significant at α = 0.01; *** = Significant at α = 0.001 
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Figure 2. The distribution of the combined movement categories (Running and jumping frequency (RJF), 

Walking and standing frequency (WSF),  Running and jumping duration (RJD) & Walking and standing 

duration (WSD)) across the eight periods of the games for basketball players with and without II. * = 

Significant for Group (II vs non-II) at α = 0.05; ** = Significant for Group (II vs non-II) at α = 0.01; *** = 

Significant for Group (II vs non-II) at α = 0.001;  

Figure 2. The distribution of the combined movement categories (Running and jumping frequency (RJF), 

Walking and standing frequency (WSF),  Running and jumping duration (RJD) & Walking and standing 

duration (WSD)) across the eight periods of the games for basketball players with and without II of 

different playing positions (center, forward & guard). Statistical significance indicates significant 

difference in the movement categories between players in the II and non-II groups in the same playing 

position. * = Significant for Group (II vs non-II) at α = 0.05; ** = Significant for Group (II vs non-II) at α = 

0.01; *** = Significant for Group (II vs non-II) at α = 0.001. 


