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Improved understanding of mobility performance in wheelchair basketball is required to increase 

game performance. The aim of this study was to quantify the wheelchair-athlete activities of 

players in different field positions and of different playing standard during wheelchair basketball 

matches. From video analysis, absolute and relative duration and frequency of wheelchair 

movements and athlete control options were examined in 27 national standard and 29 

international standard players during entire wheelchair basketball matches. Between-groups 

factorial ANOVAs identified that national players drove more forward (42.6 ± 6.8 vs 35.4 ± 3.7%; 

effect size Cohen’s d [ES]= 1.48) and started more often driving forward (33.9 ± 2.6 vs 31.8 ± 2.8; 

ES=0.77) during a match while the mean activity duration for a single driving forward activity was 

longer (4.3 ± 0.9 vs 3.7 ± 0.6s; ES=0.75) than for international players. Furthermore, national 

players performed fewer rotational movements (21.8 ± 4.0 vs 28.9 ± 7.8%; ES=-1.30) and started 

less often with the rotational movements (35.0 ± 3.6 vs 40.5 ± 5.5; ES=-1.21) while the mean 

activity duration for a single rotation activity was shorter (2.1 ± 0.3 vs 2.3 ± 0.3s; ES=-0.67) than 

for international players. Differences in mobility performance among guard, forward and centre 

players were minimal. The results should help wheelchair basketball coaches specify wheelchair-

handling training techniques and means to optimize wheelchair-athlete configurations.   

Chapter  2 

DEFINING Mobility Performance 



2.1 Introduction 
In wheelchair basketball, performance is determined by individual capabilities of athletes and 
their wheelchair in combination with the requirements of the game. An athlete’s physical 
performance and his/her interaction with the wheelchair determine mobility performance, 
which in turn influences match and team performance. Figure 1 shows a schematic overview of 
the various performance aspects in wheelchair basketball. The individual performance of an 
athlete can be indicated as physical performance (8), which is often quantified in measures such 
as heart rate or oxygen consumption. Furthermore, what an athlete does (or can do) with a 
wheelchair can be referred to as mobility performance (54). Mainly by using their arms and upper 
body, wheelchair athletes control their wheelchair for activities such as driving forward or 
backward, rotating and blocking. Mobility performance is therefore determined both by 
capabilities of an athlete, as well as the design and configuration of a wheelchair. Finally, game 
performance in wheelchair basketball can be defined as the true quality of an athlete’s 
contribution to the game, such as offensive rebounds, blocked shots and throws completed (11). 
All athlete performance aspects vary widely because of the diversity of disabilities. Therefore, all 
athletes are graded based on functional capabilities on a 1-4.5 scale (4.5 being characterized as 
maximal functional ability).  

Several performance aspects have 
been studied, such as game performance 
(62,78). Vanlandewijck et al. (101) 
videotaped wheelchair basketball matches 
and analysed 59 elite-standard female 
players. They identified a clear relationship 
between game performance and 
classification. Players with a high-point 
classification tend to perform better for the 
majority of variables that determine the 
quality of game performance than low-point 
classification players. Field-goal percentages 
and free-throw rates were the most 
important factors for game performance in men’s games (36). Physiological characteristics of 
athletes in wheelchair basketball matches have been investigated in several studies. Croft et al. 
(20) concluded that wheelchair basketball players have greater aerobic capability than 
wheelchair tennis players of a similar playing experience. Furthermore, Bloxham et al. (8) studied 
external power output, peak VO2 and peak heart rate in wheelchair basketball matches and 
concluded that 20 ± 15% of match time was played at an intensity above that of the ventilatory 
threshold. In contrast, only one study has investigated mobility performance (8). They 
investigated the time elite-standard wheelchair basketball players spent performing wheelchair 

Figure 1. Overview of performance aspects in 
wheelchair basketball. The interaction between game, 
mobility and physical performance defines athlete 
performance in wheelchair basketball.  



handling activities during a wheelchair basketball match and reported that players moved 23.5 ± 
7% of the time over the court with light or no arm strokes. However, their conclusions were based 
on a small sample (six participants), and only a limited number of wheelchair-athlete activities 
was included.  

The performance characteristics of athletes and their wheelchair are influenced by field 
position and playing standard. Vanlandewijck et al. (100) and Wootten et al. (106) demonstrated 
a strong relationship between the classification, field position and game performance at 
international standard. The majority of classification 1 players played as guards (83%), whereas 
the majority of classification 4 players played as centres (93%) (101). For female basketball, 
Rodriguez-Alonso et al. (70) reported that physical performance demands increased with higher 
playing standard and differed for field positions. This means that knowledge of how athletes 
handle their wheelchair (mobility performance) during a game, as well as their physiological 
capabilities, also depends on field position and playing standard.  

In recent years, overall performance in wheelchair sports has improved for reasons that 
include general increases in understanding of factors that underpin physical fitness of wheelchair 
athletes, (propulsion) technique and functional adjustments to the wheelchair (53). Further 
increases in wheelchair basketball performance can be achieved by, for instance, optimization of 
the design and configuration of the wheelchair. For this, acquiring knowledge of how athletes 
handle their wheelchairs during matches, i.e. mobility performance, is essential. Therefore, the 
aim of this study was to quantify mobility performance expressed as wheelchair-athlete activities 
in matches for field position (guard, forward, centre) and playing standard (national and 
international) and determine whether the positions and playing standards can be distinguished 
in terms of wheelchair-athlete activities. Additionally, a sub-aim of this study was to confirm the 
relationship between a player’s field position and his/her classification.  

2.2 Methods 
2.2.1 Participants 
Twenty-seven male wheelchair basketball players of national standard and twenty-nine male 
players of international standard participated. National standard players competed in the Dutch 
first division competition and the international standard players were national team members of 
Australia (n=6), Great Britain (n=3), The Netherlands (n=8), Italy (n=5) and Canada (n=7). 
Distributions of classification and field position are given in Table I (classifications of 1-1.5 is 
category 1, classifications 2-2.5 in category 2, classifications of 3-3,5 in category 3, and 
classifications 4-4.5 in category 4). Ethics approval was obtained from the Faculty of Human 
Movement Sciences, VU University Amsterdam.  
  



Table I. Distribution and mean (± s) classification of participants for position (guard, forward and centre) and 
playing standard (national and international). 

 

 

 
 
 
 

 
*Significant association (p<0.05) between field position and classification (Chi-square). Value of Cramer’s V for 
national standard=.575 and international standard=.494.  
 
2.2.2 Assessment of player and wheelchair activities 
Dutch wheelchair basketball coaches from the first division and the national team were 
interviewed to obtain clearly described and defined activities of the wheelchair and the way it is 
handled by an athlete (control options) during wheelchair basketball (Table II). The wheelchair-
athlete activities are the basis of the assessment of athlete and wheelchair activities by 
systematic observation from video footage. 
 
2.2.3 Video registration 
Players were filmed for entire matches, including all breaks in play and bench-time (total match 
time), with two high definition video cameras (Casio EX-FH100, 1280*720, 20-240mm) with fixed 
fields of vision. Camera positions varied depending on location, and were placed at a distance 
between 5 and 10 m from the court, at an elevation of 3-5 m from the ground. Each of the 
cameras was focused on one half of the court, with a small overlap between the two videos in 
the centre of the court. Video footage from the two cameras was synchronised using free 
available software (Kinovea 0.8.15, France). This allowed the players to be seen for the entire 
match at all times. Four matches at national standard during the Dutch first division competition 
at the end of the season 2013-2014 were recorded. Video recordings of five international 
standard matches were made at the Easter Tournament of Wheelchair Basketball in Belgium in 
April 2014. 
 
2.2.4 Video analysis  
The video data were analysed by four trained observers using the Dartfish 7.0 TeamPro (1218) 
software package and observation scheme of Table II. To assess inter-observer reliability, all 
observers independently analysed the same representative video clip of a match. To test intra-
observer reliability, the same video clip was analysed two weeks later. An ICC between 0.40 and 
0.75 is considered as a moderate to good observer reliability for these types of comparison (77). 

Classification 1 2 3 4 Mean (± s) 
National * Guard (N=8) 4 2 1 1 2.1 (1.1) 

Forward (N=12) 3 5 2 2 2.5 (1.0) 
Centre (N=7) 0 0 0 7 4.1 (0.2) 

International * Guard (N=10) 3 5 2 0 2.0 (0.8) 
Forward (N=12) 3 2 2 5 2.9 (1.3) 
Centre (N=7) 0 1 0 6 4.0 (0.7) 



After training, the ICC for inter-observer reliability for relative activities was 0.61 (95% Cl:0.60-
0.63) and the ICC for intra-observer reliability was 0.96 (95% Cl:0.73-0.99).  

 

2.2.5 Data analysis 
Video data were used to calculate total match time for each team, which included offense, 
defense and when the game clock was stopped. For each player that was observed, absolute 
playtime was determined which included time playing on court and excluded bench time. 
Absolute as well as relative playtimes, as a proportion of total match time, were calculated. 
Furthermore, the individual wheelchair activities and athlete control options (Table II) were 
observed and the following measures were calculated:  

• Absolute duration of activities (min): duration spent on a given movement activity while 
the player is active on court.  

• Relative duration of activities (% of absolute playtime): time spent on a given movement 
activity as a proportion of the absolute playtime.  

• Frequency of activities (number): occasions when an activity was started while that 
activity was preceded by another activity, without control options. 

• Relative frequency of activities (% of total frequency): occasions when an activity was 
started while it was preceded by another activity as a proportion of the total number of 
changes from one activity to another, without control options.  

• Mean duration of activities (s): mean duration of an activity (without control options), 
calculated as total duration of an activity divided by its frequency.  

In consultation with coaches, three groups were defined based on field position: 1) guards, 
including shooting guards and point guards, 2) forwards, including power forwards and small 
forwards and 3) centres. A second distinction was made based on playing standard (national and 
international).  

2.2.6 Statistical analysis 
Data were analysed using a between-groups factorial ANOVA (3 × 2 (Position [guard, forward, 
centre] × Playing standard [national, international])). Results with p-values <0.05 were 
considered statistically significant. A Shapiro-Wilks test, as well as z-values of the skewness and 
kurtosis, tested for normality of distributions before analysis. Also, histograms, q-q plots and 
boxplots of the data were visually inspected. The assumption of normality was not violated. 
Homogeneity of variance was checked using Levene’s test. When the assumption of homogeneity 
of variances was violated, the significance threshold was set to p<0.01 (66). In case of a main 
effect, pair-wise comparisons were made using Tukey’s post-hoc tests. Cohen’s d’s (14) were 
determined as a measure of effect size [ES] for playing standard (national vs international) and 
for field position (guard vs forward; forward vs guard; guard vs centre). The (absolute) magnitude 



of the ES was classified as large (≥0.80), moderate (0.50-0.79) or small (<0.50) (15). A Chi-square 
test determined whether the observed frequency distribution of numbers of players for each of 
the classifications of field position differed from expected frequencies. All statistical analyses 
were performed using IBM SPSS statistics (IBM Corporation, Armonk, New York, USA). 

  



Table II. Descriptors of wheelchair-athlete activities used during observation of wheelchair basketball athletes. 

Wheelchair activity  Control 

option 

Definition Comment 

Standing still 1 hand No/small movements of the wheelchair performed with one 

hand on the rim  

< Half propulsion 

stroke from initial 

position 2 hands No/small movements of the wheelchair performed with two 

hands on the rim  

Otherwise No/small movements of the wheelchair performed with no 

hands on the rim  

Driving forward 1 hand Forward movement of the wheelchair performed with one 

hand on the rim 

> Half propulsion 

stroke from initial 

position 2 hands Forward movement of the wheelchair performed with two 

hands on the rim 

Otherwise Wheelchair moves forward without athlete action  

Driving backward 1 hand Backward movement of the wheelchair performed with one 

hand on the rim 

> Half propulsion 

stroke from initial 

position 2 hands Backward movement of the wheelchair performed with two 

hands on the rim  

Otherwise Wheelchair moves backward without athlete action  

Rotate Clockwise Rotational movements of the wheelchair, performed clockwise 

(turn right) 

Turn must be >45° 

Counter 

clockwise 

Rotational movements of the wheelchair, performed counter 

clockwise (turn left) 

Brake 2 hands Slowing down the wheelchair with two hands -- 

Otherwise Slowing down the wheelchair otherwise -- 

Block -- Collision with another wheelchair -- 

 

2.3 Results 
2.3.1 Total match and playtime (min) 
The mean total match time for national standard players was less than that of international 
standard players (82±3 vs 93±7min; ES=-2.02).  

The frequency distribution of classification for the national standard differed from the 
international standard (Table I). Guards had the lowest classification (mean category national=2.1 
vs international=2.0), forwards moderate classification (national=2.5 vs international=2.9) and 
centres had the highest classification (national=4.1 vs international=4.0). 

Field positions were linked to different playtimes both in absolute and in relative terms 
(Table III). For absolute playing time, international standard players did not play longer or shorter 
than national standard players (44±15 vs 49±15min; ES=0.27). However, when expressed as a 



percentage of total playing time, internationals played 12 percentage points [pp] less than 
nationals (60±20 vs 48±16%; ES=0.67).  

 

Table III. Mean (± s) absolute (minutes) and relative (%) playtime for position (guard, forward and centre) and 
playing standard (national and international).  

Playtime National  International  Effect size [ES] 

All 
players 

Guard  Forward  Centre All 
players 

Guard  Forward  Centre Playing 
standard1 

Position2 

Absolute 
(minutes) 

48.5 
(15.3) 

41.7  
(7.6) 

46.8 
(19.3) 

59.1  
(8.6) 

44.0 
(15.0) 

42.0 
(16.4) 

45.9 
(18.0) 

43.7  
(6.8) 

0.27 GF -0.33                                                        
FC -0.34       
CG  0.91 

Relative (%) 59.7 
(20.1) 

50.8 
(10.8) 

58.4 
(25.3) 

72.2 
(11.8) 

47.5 
(16.5) 

45.3 
(18.0) 

49.7 
(19.0) 

47.0 
(10.2)  

0.67* GF -0.37                                                        
FC -0.26       
CG 0.77 

1ES between group means; national-international  
2ES between group means; GF (guard-forward); FC (forward-centre); CG (centre-guard)  
*Differences (p<0.05) between national and international standard.  
 

2.3.2 Absolute durations of activities (min) 
Differences among field positions during “standing still” occurred (Table IV). Post-hoc tests 
showed that centre players spent 5 min longer standing still than guards (ES=1.20) and centres 
stood still 0.5 min longer with one hand on the rim than forwards (ES=-0.83). Furthermore, there 
were main effects of playing standard. International standard players spent 5 min less driving 
forward (ES=0.82) and 4 min less driving forward with two hands than national standard players 
(ES=0.78). Similarly, internationals spent less time on braking activities (0.7±0.4 vs 1.2±0.7min; 
ES=0.97) than nationals. 
 
2.3.3 Relative activity durations 
There was no interaction between position and playing standard and no main effect of position 
for relative duration for any movement activities (Table V). However, differences in standing still, 
driving forward and rotation between forwards and centres were accompanied by moderate 
(absolute) effect sizes (ES=0.49–0.86). A main effect for playing standard occurred for 50% of the 
comparisons. International standard players drove 7 pp shorter forward than national standard 
players (ES=1.48). Within driving forward, national standard players used the control option one 
hand on the rim 1 pp more than international standard players (ES=0.72). Most of the time, all 
players used two hands on the rim during driving forward. However, international standards 
drove more forward with two hands on the rim than national standards (92±6 vs 90±8%; 
ES=0.34). Additionally, internationals spent also 7 pp more time on rotation movements (ES= -
1.30) and 1 pp less on braking activities than nationals (ES=0.92).  
 



2.3.4 Frequencies 
The mean absolute frequency that a player changed wheelchair movements was 881±342 times 
during a match for national standard players and 798±278 times for international standard 
players (ES=0.27). The interaction among field position and playing standard for the absolute 
frequency of standing still is attributable to the differences in absolute play time (Table VI). 
National centre players had a greater frequency of standing still than international centre players 
(p=0.03). Moreover, internationals started 7 times “drive backward” less than nationals (ES=0.61) 
and the brake frequency was 22 times lower (ES=0.96). In addition, post-hoc tests showed that 
guards brake considerably less often (-40) than centres (ES=0.91).  

For international standard players, 32±3% of the started activities was driving forward, 
this is 2 pp less than national standard players (ES=0.77) (Table VII). For the activity “brake”, the 
relative frequency was 2 pp less for international  than national standard players (ES=1.26). The 
relative frequency for the start of a rotation movement was notably higher for internationals 
than nationals (41±6 vs 35±4%; ES=-1.21). However, while international standard players had a 
lower relative frequency for driving forward, the mean activity duration is 0.5s lower than 
national standard players (ES=0.75). In contrast, for rotation activities, internationals had a higher 
relative frequency and they performed rotational movements 0.2s longer than nationals (ES=-
0.67) (Table VIII). 

  



Table IV. Mean (± s) absolute duration (min) of wheelchair-athlete activities during a match for position (guard, 
forward and centre) and playing standard (national and international).  
 

Action Control National International Effect size [ES] 
Guard Forward Centre Guard Forward Centre Playing standard1 Position2 

Standing 
still 

Overall 13(5) 12(6) 21(6) 12(6) 14(7) 15(4)  0.17 GF -0.18                                                    
FC -0.91        
CG 1.20# 

1 hand 1(1) 0(0) 1(1) 0(0) 0(0) 0(0) 0.80**   GF 0.15                                                   
FC -0.83†       
CG 0.61 

2 hands 11(4) 11(6) 16(5) 11(6) 13(7) 14(4) -0.04 GF -0.14 
FC -0.55   
CG 0.81 

Otherwise 1(1) 1(1) 3(2) 1(1) 1(1) 1(1) 0.32 GF -0.15 
FC -0.60  
CG 0.78 

Driving 
forward 

Overall 18(5) 21(10) 23(4) 16(7) 16(6) 15(2)  0.82* GF -0.26 
FC -0.09 
CG 0.45 

1 hand 0(0) 0(0) 1(1) 0(0) 0(0) 0(0)    0.71* GF 0.05 
FC -0.36 
CG 0.30 

2 hands 16(5) 19(8) 20(4) 15(6) 14(5) 14(2)  0.78* GF -0.24 
FC -0.03 
CG 0.34 

Otherwise 1(1) 2(2) 3(2) 1(1) 1(1) 1(1) 0.44 GF -0.29 
FC -0.17 
CG 0.48 

Driving 
backward 

Overall 1(1) 1(1) 1(1) 1(0) 1(1) 1(0) 0.41 GF -0.13 
FC -0.07 
CG 0.24 

1 hand 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0.39 GF 0.18 
FC -0.57 
CG 0.42 

2 hands 1(1) 1(1) 1(1) 1(0) 1(1) 1(0) 0.37 GF -0.13 
FC -0.05 
CG 0.22 

Otherwise 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0.44 GF -0.10 
FC 0.19 
CG -0.13 

Rotate Overall 9(2) 11(5) 12(1) 12(6) 14(6) 11(4) -0.47 GF -0.28 
FC 0.13 
CG 0.21 

Clockwise 4(1) 5(3) 5(1) 6(3) 7(3) 5(2) -0.39 GF -0.33 
FC 0.25 
CG 0.15 

Counterclockwise 5(1) 5(2) 6(1) 7(3) 7(3) 6(2) -0.48 GF -0.20 
FC -0.03 
CG 0.26 

Brake Overall 1(1) 1(1) 1(1) 1(1) 1(0) 1(0)   0.97** GF -0.25 
FC -0.29 
CG 0.48 

2 hands 1(1) 1(1) 1(1) 1(1) 1(0) 1(0)   0.97** GF -0.25 
FC -0.31 
CG 0.49 

Otherwise 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0.56 GF -0.13 
FC 0.30 
CG -0.27 

Note: summative differences are caused by rounding off.  
1ES between group means; national-international  
2ES between group means; GF (guard-forward); FC (forward-centre); CG (centre-guard)  
# Differences (p<0.05) between field position: guard < centre.  
† Differences (p<0.05) between field position: forward < centre. 



* Differences (p<0.05) between national and international standard. 
**Differences (p<0.01) between national and international standard. 
  



Table V. Mean (± s) relative duration (%) of wheelchair-athlete activities during a match for position (guard, 
forward and centre) and playing standard (national and international). 

Action Control National International Effect size [ES] 
Guard Forward Centre Guard Forward Centre Playing standard1 Position2 

Standing 
still 

Overall 31(11) 27(9) 35(7) 29(9) 30(6) 35(7)  -0.14 GF 0.18 
FC -0.86 
CG 0.59 

1 hand 1(1) 1(1) 2(1) 0(0) 0(0) 1(1)    0.83** GF 0.12 
FC -0.63 
CG 0.49 

2 hands 26(10) 23(10) 28(9) 26(9) 27(5) 31(7) -0.29 GF 0.12 
FC -0.56 
CG 0.40 

Otherwise 3(3) 3(2) 4(2) 3(4) 3(2) 3(2) 0.11 GF 0.14 
FC -0.49 
CG 0.26 

Driving 
forward 

Overall 42(9) 45(5) 40(6) 37(4) 35(4) 34(2)  1.48** GF -0.12                                              
FC 0.49  
CG -0.35 

1 hand 1(1) 1(1) 1(2) 0(0) 0(0) 0(0)   0.72* GF 0.02 
FC -0.23  
CG 0.20 

2 hands 38(10) 41(4) 34(5) 34(5) 32(4) 32(3)  1.18** GF -0.08 
FC 0.63  
CG -0.48 

Otherwise 3(2) 3(3) 4(3) 2(2) 3(3) 2(2) 0.28 GF -0.15 
FC -0.07 
CG 0.23 

Driving 
backward 

Overall 2(1) 2(1) 2(1) 2(2) 2(1) 1(1) 0.16 GF 0.25 
FC 0.06 
CG -0.30 

1 hand 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0.29 GF 0.22 
FC -0.52 
CG 0.27 

2 hands 2(1) 1(1) 2(1) 2(1) 2(1) 1(1) 0.12 GF 0.26 
FC 0.09 
CG -0.34 

Otherwise 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0.30 GF 0.08 
FC 0.17 
CG -0.22 

Rotate Overall 21(2) 23(5) 20(2) 29(10) 30(6) 26(8)  -1.30** GF -0.12 
FC 0.54 
CG -0.33 

Clockwise 10(3) 11(3) 9(1) 14(6) 15(4) 12(3)  -0.95** GF -0.13 
FC 0.61 
CG -0.37 

Counterclock
wise 

11(2) 12(3) 11(2) 15(5) 16(3) 14(4) -1.26** GF -0.08 
FC 0.33 
CG -0.21 

Brake Overall 3(2) 3(1) 2(1) 1(1) 2(1) 2(1)   0.92** GF -0.15 
FC -0.01 
CG 0.16 

2 hands 3(2) 2(1) 2(1) 1(1) 2(1) 2(1)   0.89** GF -0.15 
FC -0.02 
CG 0.17 

Otherwise 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0.49 GF -0.10 
FC 0.31 
CG -0.44 

Note: summative differences are caused by rounding off.  
1ES between group means; national-international  
2ES between group means; GF (guard-forward); FC (forward-centre); CG (centre-guard)  
* Differences (p<0.05) between national and international standard. 



**Differences (p<0.01) between national and international standard. 
 

  



Table VI. Mean (± s) absolute frequencies (times) of occasions an activity movement was started during a match for 
position (guard, forward and centre) and playing standard (national and international). 

Action National International Effect size [ES] 

Guard Forward Centre Guard Forward Centre Playing standard1 Position2 

Total 734(211) 834(398) 1130(242) 753(293) 850(35) 774(145) 0.27 GF -0.30 
FC -0.34 
CG 0.80 

Standing 

still 

138(53) 134(56) 226(57) 119(48) 143(63) 135(29) # 0.44 GF -0.20 
FC -0.70 
CG 0.95 

Driving 

forward 

252(68) 289(141) 363(68) 246(103) 267(107) 242(35) 0.43 GF -0.27 
FC -0.23 
CG 0.64 

Driving 

backward 

19(10) 16(15) 29(15) 11(8) 16(10) 12(6)   0.61* GF -0.13 
FC -0.35 
CG 0.52 

Rotate 250(67) 302(150) 383(65) 308(133) 348(141) 304(82) -0.13 GF -0.33 
FC -0.15 
CG 0.62 

Brake 39(25) 45(26) 68(31) 21(18) 30(17) 32(13)  0.96**   GF -0.36 
FC -0.50 
CG 0.91† 

Block 37(22) 49(35) 61(34) 47(22) 46(25) 48(20) 0.05 GF -0.18 
FC -0.25 
CG 0.49 

Note: summative differences are caused by rounding off.  
1ES between group means; national-international  
2ES between group means; GF (guard-forward); FC (forward-centre); CG (centre-guard)  
# Interaction effect  (p<0.05) between field position and playing standard.  
* Differences (p<0.05) between national and international standard.  
**Differences (p<0.01) between national and international standard.  
† Differences (p<0.05)  between field position: guard < centre.  
 
 

Table VII. Mean (± s) relative frequencies (%) of total percentage of occasions an activity was started during a 
match for position (guard, forward and centre) and playing standard (national and international). 

Action National International Effect size [ES] 

Guard Forward Centre Guard Forward Centre Playing standard1 Position2 

Standing 

still 

19(3) 17(4) 20(3) 16(4) 17(3) 18(3) 0.40 GF 0.15 
FC -0.65 
CG 0.46 

Driving 

forward 

34(3) 34(2) 32(3) 33(4) 31(2) 31(2) 0.77* GF 0.16 
FC 0.40 
CG -0.49 

Driving 

backward 

2(1) 2(1) 2(1) 2(1) 2(1) 2(1) 0.38 GF 0.14 
FC -0.19 
CG 0.05 

Rotate 34(3) 36(4) 34(3) 41(6) 41(5) 39(6) -1.21** GF -0.14 
FC 0.39 
CG -0.22 

Brake 5(3) 6(2) 6(2) 3(2) 3(2) 4(1) 1.26** GF -0.25 
FC -0.29 
CG 0.51 

Block 5(2) 6(3) 5(2) 6(2) 5(2) 6(2) -0.26 GF 0.10 
FC -0.06 
CG -0.04 

Note: summative differences are caused by rounding off.  



1ES between group means; national-international  
2ES between group means; GF (guard-forward); FC (forward-centre); CG (centre-guard)  
* Differences (p<0.05) between national and international standard.  
**Differences (p<0.01) between national and international standard.  
Table VIII. Mean (± s) activity duration (seconds) during a match for position (guard, forward and centre) and 
playing standard (national and international). The duration is calculated as the absolute activity time divided by the 
activity frequency.  

Action National International Effect size [ES] 

Guard Forward Centre Guard Forward Centre Playing standard1 Position2 

Standing 
still 

6.1(3.0) 5.7(2.6) 5.5(1.2) 6.3(2.0) 5.9(0.9) 7.0(1.7) -0.25 GF 0.18 
FC -0.23 
CG 0.01 

Driving 
forward 

4.3(1.1) 4.5(0.8) 3.9(0.4) 3.9(0.7) 3.6(0.6) 3.7(0.4) 0.75* GF 0 
FC 0.38 
CG -0.36 

Driving 
backward 

3.1(1.0) 3.0(0.9) 2.5(0.2) 3.4(1.2) 3.0(0.8) 2.7(0.5) -0.14 GF 0.28 
FC 0.55 
CG -0.80 

Rotate 2.2(0.3) 2.2(0.4) 1.9(0.2) 2.3(0.3) 2.4(0.3) 2.2(0.2) -0.67* GF -0.02 
FC 0.69 
CG -0.73 

Brake 1.5(0.3) 1.6(0.4) 1.3(0.2) 1.5(0.4) 1.5(0.4) 1.5(0.3) 0 GF -0.05 
FC 0.49 
CG -0.43 

Note: summative differences are caused by rounding off.  
1ES between group means; national-international  
2ES between group means; GF (guard-forward); FC (forward-centre); CG (centre-guard)  
* Differences (p<0.05) between national and international standard.  

 
2.4 Discussion 
In this study we quantified mobility performance of wheelchair basketball players and 
investigated differences in wheelchair-athlete activities between field positions (guard, forward, 
centre) and playing standard (national and international). National standard players drove more 
forward (+7 pp), started driving forward more often (+2 pp) and performed longer driving 
forward actions during a match than international standard athletes (+0.5 s). International 
standards performed more rotational movements (+7 pp), started rotation more often (+6 pp) 
and performed rotational actions longer than national standards (+0.2 s). Also, internationals 
performed fewer braking activities and started driving backward less often than nationals. 
Additionally, some differences in wheelchair-athlete activities were observed among field 
positions. In absolute duration, centres stood still more than guards and forwards and performed 
more braking activities.   
 
2.4.1 Comparisons based on field position 
We hypothesized that mobility performance would be different for playing standard and field 
position in a game. The players in centre position drive mostly near the basket and with their 
body domination they perform movements in that area, while guards contribute more to the 



organization of matches (45). This might be reflected in the activity standing still. For both playing 
standards, centre players spent more absolute duration standing still during a match than guard 
and forward players. There were moderate to large effect sizes for relative duration between 
forward and centres, and between guard and centre players. National standard centres had also 
a greater absolute frequency of the activity standing still. There were no notable differences 
among a guard, forward and centre player for any of the other wheelchair-athlete activities, both 
for nationals and internationals. Aspects of mobility performance in wheelchair basketball have 
been investigated (8,18,79). Coutts (18) estimated that 64% of the time was spent in propulsive 
actions and 36% in braking activity. Propulsive actions were classified as positive accelerations 
and negative accelerations were considered indicative of braking activity. This conclusion was, 
however, based on only two players without a specific field position during a portion of an 
exhibition match (6 min). Bloxham et al. (8) reported that six players (also without a specific field 
position) spent 23.5 ± 7% driving across the court with light or no arm strokes during a match. In 
this study, the percentage braking was considerably lower and the percentage driving was 
considerably higher than in previous studies. A comparison with this study is not reliable because 
of differences in number of participants, characteristics of participants and the methods used. 
Furthermore, in contrast to the previous studies, the intra- and inter-observer reliability scores 
confirm internal validity of the used observation method and descriptions. In addition, the 
participants in the present study were a representative sample of wheelchair basketball players 
and all players were measured during entire wheelchair basketball matches. 

There is a strong relationship between the field position of a player and functional 
classification. Earlier research identified that the majority of classifications 1 and 1.5 players play 
as guards, whereas the majority of classifications 2 and 2.5 play as a forwards. Almost all 
classification 4 and 4.5 players play as centres (100,101,106). In the present study, approximately 
the same distribution was found for players in the national competition, although international 
forwards had a slightly higher classification (2.9). This might be attributable to a difference in 
gender between the studies, only male wheelchair basketball players participated in the present 
study whereas Vanlandewijck et al. (101) based his results on female wheelchair basketball 
players. Previous research has further shown a relationship between field position and game 
performance. Skucas et al. (78) showed that centre players were better in game performance 
(e.g. shooting accuracy) and performed more actions per minute in a game than guard and 
forward players. Field position can influence game performance but, in contrast to our 
expectations, there is no association with mobility performance in wheelchair basketball matches 
in this study. All players, regardless of field position, handle their wheelchair in the same way.  

In the present study, mobility performance was assessed by video observation. This did 
not allow us to calculate speed, accelerations and covered distances for all players. These 
variables could optionally differ among the field positions while the wheelchair-athlete activities 



showed no differences. However, these variables are currently being investigated with inertial 
sensors placed on both wheel axles and the frame centre of the wheelchair in a study as 
recommended by van der Slikke et al. (86). Likewise, differences between game aspects such as 
ball possession and offense/defense situations are not included in this study. Probably, these 
aspects are field position dependent because of specific roles. Therefore, to obtain a complete 
overview, it is important to analyse the influence of these game aspects on mobility performance. 
Moreover, each player has a custom-made wheelchair adapted to his/her functional capabilities. 
As a result, differences on mobility performance are reduced in advance. Specific information on 
the settings of a wheelchair in combination with the functional capabilities of the player can 
determine mobility performance. Information on kinematics, game aspects and wheelchair-
athlete settings are necessary to get a complete overview of position-specific mobility 
performance in wheelchair basketball games and should be included in future research. 

2.4.2 Playing standard comparisons 
National  and international standard players differed in duration and frequency of wheelchair-
athlete activities, especially for the activities driving forward, rotation and braking. The 
internationals played about 48% of total match time while nationals played 60%. This is probably 
because of the number of available players in a team. International teams had approximately 11 
team players in contrast to 8 players in national teams. In wheelchair basketball there is an 
unlimited substitution rule. As there are always five players active during a match the total 
number of team members affects play time.  
The presented results indicate that international standard players are more agile than national 
standard players. The former performed more and longer rotational movements on the field and 
fewer and shorter driving forward movements. Interpretation of national standard data should 
be done carefully. Sport performance is the product of several factors, such as functional 
potential and skill. National teams involve players who have recreational interest as well as those 
who aspire to become an elite-player. The national standard will develop less optimal skill 
proficiency than the international standard (100). The data suggest that rotational movements 
are important to enhance mobility and therefore game performance because these movements 
are connected with game performance. Players use a lot of small and big rotational movements 
to prepare themselves to receive or throw the ball. Rotational movements are used to circumvent 
the opponent in a one-to-one duel to get in a free position. The difference in playing standard 
could explain the difference in (wheelchair-mobility) skills, and therefore rotational movements.  

The most effective way to perform movement is to exert force at the pushrim with two 
hands. Furthermore, response time for changing a movement is shorter when there is direct 
contact with the rims and finally, a stationary wheelchair is more stable when the hand on the 
rim blocks the wheels. As a result, collisions with other wheelchairs can be absorbed. In this study, 
during forward driving, over 90% of the time players used two hands. However, nationals drove 



1.4% of the time with one hand on the rim, in contrast to 0.3% for internationals (p=0.01). There 
is also a notable difference for standing still with one hand on the rim. International standard 
players performed this action 5% of the time standing still while national standard players 
performed it 2%. These results probably suggest that international players are more effective in 
propulsion in wheelchair handling and that the international wheelchair-athlete combination is 
more stable during standing still.  

The presented variations in mobility performance between playing standards could be 
attributable to differences in physiological capabilities. In wheelchair basketball large differences 
in experience and practice within and between teams are common. National players practice  
only 1 or 2 days a week, whereas international players have daily practices all year (36). In 
addition, aspects such as (core) stability and reach are not involved in this study but will influence 
control options in wheelchair-athlete activities because of limited trunk function. Finally, 
decision-making abilities of international standard players are likely to be greater than those of 
the national standard, which could allow for improved wheelchair positioning and movement 
activities and therefore different activity profiles.   

2.4.3 Limitations and practical implications 
There are several aspects that could influence mobility performance that are not included in this 
research. An ideal analysis of mobility performance should also comprise actual wheelchair 
kinematic data (86), influence of game aspects on mobility performance, specific knowledge of 
wheelchair settings and configurations and physical (performance) aspects such as (core) stability 
and reach. We intend to extend our research along these lines and measure all these aspects 
synchronously in the near future.  

It is essential that wheelchair mobility training should prepare players to cope with the 
most common wheelchair-athlete activities of wheelchair basketball activities (10). The practical 
implication of the presented results is that wheelchair-handling training can be the same for all 
field positions in a team irrespective of playing standard. However, the focus on training differ 
between playing standards. The difference in standard could be used by national basketball 
coaches to highlight the wheelchair-activities of internationals. This could assist teams to aspire 
a higher playing standard. Specifically, national teams have to focus more on rotational 
movements and more on the control option “two hands on the rim” within all wheelchair-
movement activities. Coaches should advise players to keep moving to respond quickly to 
changing situations such as rebounds or opponent actions. The design of training practices should 
focus on rotational movements and one-to-one duels, especially for national standard teams. 

The results are also important for the optimization of wheelchairs and wheelchair-athlete 
configurations. To optimize wheelchair-athlete settings and improve performance, requirements 
for performance activities in each field position should be similar. This implies that all players 



should have the same wheelchair requirements for rotation, driving forward e.g., independent 
of field position and that configuration is mostly dependent on playing standard and athlete.  

2.5 Conclusion 
The results of this study suggest that while playing standard influences mobility performance, 
there are no notable differences in wheelchair-athlete activities among guard, forward and 
centre players. National standard players drive more forward and start this activity more often 
than international standard players. In contrast, international standard players rotate more and 
start rotational activities more often. These findings provide important information to increase 
performance in wheelchair basketball. Results can be used to specify wheelchair-handling 
training and for optimization of wheelchair-athlete settings. Future research on kinematics, 
(physical) performance and game aspects need to provide additional information for a complete 
overview of mobility performance.  
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