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Abstract
Purpose. This study aimed to classify typical futsal movement patterns while in ball possession and clarify the effect of 
tournament stages on these movement profiles.
Methods. A total of 5647 movements in possession of a ball during 8 international futsal matches were analysed. These 
matches consisted of 4 group stages, and there were 4 knockout stage matches (2 semi-finals, a third-place play-off, and the 
final). On the basis of the observation of 2 experienced analysts, 8 translational and rotational movement indicators were 
established: forward translation, backward translation, sideway translation, and slow rotation (defined as the low traction 
demand movement), and side-cut, u-cut, fast rotation, and sudden stop (defined as the high traction demand movement).
Results. The overall results highlighted that 82.48% of the analysed movements were translational movements [top-three 
highest movements proportion: (1) forward translation: 26.52%, (2) side-cut: 15.76%, and (3) sideway translation: 14.36%]. 
Furthermore, there was a significantly higher frequency of translational movements among players during knockout stage 
matches (p = 0.03), suggesting that these translational movements form the foundation aspects in maintaining ball possession. 
Also, a significantly higher occurrence was observed for 2 high traction demand movements [u-cut (p = 0.02) and fast rotation 
(p < 0.0001)] during knockout stage matches compared with group stage matches.
Conclusions. High traction demand translational movements related to changes of direction were significantly influenced 
by the stages of the tournament in highly competitive futsal matches.
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Introduction

Futsal is a fast-paced, small sided football game 
characterized by the speed of movement, high intensity, 
and great spatial awareness of the players [1, 2]. In fut-
sal, players have less time and space to play when com-
pared with association football (soccer). In the context 
of these differences, there were interests from the sci-
entific perspective on the activity profile of futsal play-
ers [3–5]. In addition, research has focused on how 
futsal-specific motions are different or similar in com-
parison with soccer-specific motions [6, 7]. Most of these 
studies, however, investigated only the general locomo-
tor activities such as walking, running, and sprinting.

A study by Reilly and Thomas [8] was the first one 
to illustrate discrete activities (other than locomotion) 

performed by professional soccer players depending 
on different playing positions. This study was a cata-
lyst for other researchers to adopt a similar analytic 
model in order to establish sport-specific movement 
and characteristics classification [9, 10]. Better under-
standing of sport-specific athlete movement also helped 
to produce specific skills and performance measure-
ment system [11, 12]. All of these studies, in some way, 
are the continuation of the earlier works by Franks and 
Goodman [13] and Bartlett [14], who tried to combine 
biomechanical applications and notational analysis 
to improve the athletes’ performance, thereby setting 
a new trend in sports performance analysis.

In previous studies, the majority of researchers used 
the ‘normative’ profiling approach when identifying 
a movement classification [9, 10, 15, 16]. From this 
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classification procedure, only specific players’ move-
ments whose occurrence frequency differed by less than 
5% between all analysed matches were selected. How-
ever, this procedure is likely to neglect some important 
aspects of players’ movements whose occurrence fre-
quency is variable between matches. For instance, ball 
possession is a factor significantly contributing to the 
match outcomes in football codes [17, 18], which would 
have a substantial impact on the movement profile of 
players on either end. Likewise, the stages of tourna-
ments would alter the players’ dynamics during com-
petitive matches. However, there has been no study 
to take into account the effect of these key performance 
indicators on the players’ movement profiles. It has 
been reported that futsal players’ match organization, 
physical and technical performance were different in 
matches with different levels of opponents and of dif-
ferent tournament stages [19]. Similar findings were 
also reported in soccer [20]. These observations might 
suggest that there is a need to verify the effect of key per-
formance indicators on players’ movement dynamics.

Thus, the aims of this study were (1) to classify typi-
cal movement patterns while in ball possession during 
actual futsal matches and (2) to clarify the influence 
of different tournament stages on futsal players’ move-
ment profiles. It was expected that players’ movement 
intensity would increase during matches in the later 
stage of the tournament. We therefore hypothesized that 
different tournament stages would alter the movement 
dynamics of futsal players while in ball possession.

Material and methods

Samples

A total of 8 futsal matches from the 2014 ASEAN 
Futsal Championship (AFF Futsal Championship) 
were recorded and observed. The sample was formed by 
4 group stage games (Thailand vs. Philippines, Aus-
tralia vs. Brunei, Indonesia vs. Brunei, and Vietnam 

vs. Philippines), 2 semi-finals (Thailand vs. Indonesia 
– semi-final 1, and Australia vs. Vietnam – semi-Fi-
nal 2), a third-place play-off (Indonesia vs. Vietnam), 
and the final (Thailand vs. Australia). The final also 
represented 2 best futsal teams in Asia in accordance 
with the Futsal World Ranking (Thailand: world rank 
No. 17, Australia: world rank No. 21 when the tourna-
ment started). In conjunction to the aim of this study, 
these matches were chosen to obtain contrasting match 
data, representing best performing teams vs. best per-
forming teams and best performing teams vs. worst 
performing teams (the bottom team during group 
stages such as Brunei and Philippines).

Instruments

The players’ movements were initially observed and 
selected during the earlier stage (group stage matches) 
of the competition. From previous studies that extracted 
futsal-specific movements, 14 different types of primary 
movement performed by futsal players were identi-
fied [10]. Of these movements, 8 primary movements 
(forward translation, backward translation, sideway 
translation, and slow rotation; side-cut, u-cut, fast ro-
tation, and sudden stop) were chosen and re-classi-
fied in this study, in which the movement of run was 
expanded into 2 categories (forward translation and 
backward translation), 6 movements remotely related 
to ball possession (sprint, fall, get up, jump, land, im-
pact) were excluded, and movements associated with 
the players stopping with an immediate manner (shuf-
fle and stop) were integrated as ‘sudden stop’.

Also, in this study, an attempt was made to esti-
mate the nature of interaction between players and 
the playing surface (traction demand) because shoe-
playing surface traction/friction is an essential factor 
when players need to achieve a chosen manoeuvre 
[21], thereby affecting sports performance [22] and 
injury risk prevention [23]. Each movement was cat-
egorized depending on the movement speed and per-

Table 1. Definitions of movement classification

Movement categories Definition of movement Traction demand

1. Forward translation Moving the body forward Low
2. Backward translation Moving the body backward Low
3. Sideway translation Moving the body laterally Low
4. Slow rotation Turning the body slowly Low
5. Fast rotation Turning the body quickly High
6. U-cut (translation) Changing running movement in the opposite (180°) direction High
7. Side-cut (translation) Changing running movement direction through an acute angle High
8. Sudden stop (translation) Sudden brake from a very fast movement High
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ceived impression of its intensity into low traction de-
mand or high traction demand. The descriptions of the 
movement categories are shown in Table 1.

Procedures

One Full HD video camera (set at 1920 × 1080 
pixels, 50 frames per second) was utilized to record 
all futsal matches in the competition. The video camera 
was positioned so as to obtain the side view of the fut-
sal pitch from the highest position behind the audience 
area. In this study, players’ movements while in ball 
possession were analysed. The inclusion criteria of the 
types of movement to be analysed were as follows:

(i) Movements made by players who were in ball 
possession, excluding the goalkeeper.

(ii) Any kind of movements causing body rotation 
or translation by using the support leg while another 
leg was controlling the ball.

Data analysis

All recorded matches were analysed with the Ki-
novea (v. 0.8.15) and Dartfish EasyTag (v. 1.0.8) soft-
ware (Figure 1). Kinovea, a valid and reliable tool for 
human movement analysis [24], served to perform 
the notational analysis of the ball and players’ move-
ment by using the slow-motion movement features (up 
to 90% speed reduction compared with the original 
video speed).

During the movement tracking process, each video 
frame that included the movement required for clas-

sification was tagged by using the built-in Kinovea 
features. This was followed by tagging the related 
movement in Dartfish EasyTag [25, 26], installed on 
a separate device (a tablet computer). All analysis was 
executed after the matches completed (post-game analy-
sis). Two experienced performance analysts carried out 
the notational analysis of all the 8 matches. Before the 
notational analysis began, an investigator informed 
the 2 analysts about how to classify and identify the 
movement indicators.

Both analysts performed all the match analyses 
independently. Each analyst conducted the notational 
analysis twice for each match, with 48 hours separat-
ing the first and the second analysis. Intra- and inter-
analyst reliability studies were applied to examine 
the reliability of the analysed data. The reliability was 
calculated on the basis of the percentage of intra- and 
inter-analyst differences by using the approach sug-
gested by Hughes and Franks [27]. The calculation of 
the percentage difference for the intra- and inter-an-
alyst reliability is shown in equation (1) and (2), re-
spectively:

                     
INTRA =              × 100

V1–V2

VM 	
(1)

                    
INTER =                × 100

VM –Vm

VM 	
(2)

where V1 and V2 are the individual data for each ana-
lyst for the 1st and the 2nd analysis, Vm is the mean dif-
ference of data from each analyst, and VM is the com-
mon mean of both analysts.

Figure 1. The Kinovea (left) and EasyTag (right) software
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Translational 
82,48%

Rotational 
17,52%

Low traction 
58%

High traction 
42%

Forward 
translation

26,52%

Side-cut
15,76%

Sideway 
translation

14,36%

U-cut
12,25%

Backward 
translation

8,55%

Sudden stop
5,04%

Fast rotation
8,97%

Slow rotation
8,55%In addition, the intra- and inter-analyst reliability 

was also determined by using the correlation coeffi-
cient [28], analysed with the WinPepi (v. 11.65) sta-
tistical package [29]. The results of the intra- and 
inter-analyst reliability are shown in Table 2. As the 
percentage of differences was below 5% and all the 
calculated correlation coefficients were above 0.99, it 
can be judged that the analyses performed by the 2 ana-
lysts are reliable and thus the mean values from both 
analysts were used for further analysis.

Mean values and variation percentage from the 
mean values for all movement indicators were calcu-
lated. The differences between the group stage and the 
knockout stage data were compared by using an inde-
pendent sample t-test at the confidence level of 0.05.

Ethical approval
The conducted research is not related to either hu-

man or animal use.

Results

The results consist of 3 main parts. The first part 
illustrates the findings concerning the overall trend of 
movement classification (Figures 2 and 3). The sec-
ond part shows the mean match-to-match variation in 
the occurrence of all movements (Table 3). The third 
part presents the outcomes for the comparison between 
group stage and knockout stage matches (Figures 4–6).

Movement classification breakdown:  
overall trend

Overall, a total of 5647 movements performed 
by futsal players in 8 matches during the 2014 AFF 
Futsal Championship were classified into 8 categories 
(Figure 2).

As shown in Figure 2, forward translation (26.52%) 
was found to be the most frequently performed move-
ment by the futsal players while in ball possession, 
followed by side-cut (15.76%), sideway translation 
(14.36%), u-cut (12.25%), fast rotation (8.97%), back-
ward translation (8.55%) and slow rotation (8.55%). 

Table 2. Intra- and inter-analyst reliability analysis

Intra-analyst Inter-analyst

Mean (%) (SD) Correlation coefficient
Mean (%) (SD)

Correlation 
coefficientA1 A2 A1 A2

4.89 (0.65) 4.67 (0.51)
0.993 (95% CI: 
0.988–0.995)

0.994 (95% CI: 
0.990–0.996)

3.4 (0.62)
0.99 (95% CI: 
0.985–0.994)

A1 – analyst No. 1, A2 – analyst No. 2

Figure 2. The occurrence of particular movement 
categories (n = 5647)

Figure 3. The occurrence of particular movement 
categories by (a) perceived traction demand and (b) 
translational and rotational movement (n = 5647)

(a)

(b)
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The least frequently performed movement was the sud-
den stop (5.04%). 

Figures 3a and 3b show the relative frequencies of 
movements by high and low perceived traction demand 
(Figure 3a) and translational and rotational nature 
(Figure 3b). It was found that the players performed 
more low traction demand movements (58.00%) than 
high traction demand movements (42.00%); also, more 
translational movements (82.48%) were applied by the 
players when compared with rotational movements 
(17.52%).

Variations (from the mean value) among matches

Table 3 summarizes the variations of occurrence of 
all movements between the matches. As shown, there 
were no movements that varied by less than 5% be-
tween the 8 analysed matches. Only 3 classification 
items were found to vary by less than 10% throughout 
all the analysed matches (backward translation: 7.81%, 

forward translation: 8.33%, and side-cut: 9.94%), while 
4 classification items varied by more than 20%: u-cut 
(20.05%), fast rotation (20.38%), sideway translation 
(23.86%), and slow rotation (31.79%).

Comparison between group stage  
and knockout stage matches

Figure 4 shows the comparison of the total occur-
rence of all movement categories between the group 
stage and the knockout stage. It can be seen that the 
total number of classified movements significantly in-
creased during the knockout stage matches compared 
with those of the group stage (group stage: 2630 vs. 
knockout stage: 3017, p = 0.04). Side-cut and slow ro-
tation movements were found to be reduced during 
the knockout stage matches (side-cut: from 459 to 431; 
slow rotation: from 248 to 235).

Figure 5 compares the relative occurrence of low 
and high traction demand movements (Figure 5a) and 

Table 3. The mean match-to-match variation (%) of the occurrence of movements in all analysed matches

Movement
categories

Backward
translation

Forward
translation

Side-cut
Sudden

stop
U-cut

Fast
rotation

Sideway
translation

Slow
rotation

Mean of 
variation (%)
(SD)

7.81
(0.06)

8.33
(0.06)

9.94
(0.12)

12.97
(0.11)

20.05
(0.09)

20.38
(0.11)

23.86
(0.12)

31.79
(0.15)

* p < 0.05: independent sample t-test results

Figure 4. Occurrence of all movement categories during group and knockout stage matches
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Translational 
(Group stage) 

38,60%

Translational 
(Knockout) 

43,88%

Rotational 
(Group stage) 

7,97%

Rotational 
(Knockout) 

9,55%

Low traction 
(Group stage) 

27%

Low traction 
(Knockout) 

31%

High traction 
(Group stage) 

19%

High traction 
(Knockout) 

23%

translational and rotational nature movements (Fig-
ure 5b) between the 2 stage matches. An increase of 
the total frequency of low and high traction demand 
movements was noticed for the knockout stage matches 
compared with those of the group stage, though these 
changes were not significant (Figure 5a). It can also 
be observed that both translational and rotational re-
lated movements increased during the knockout stage 
matches, as shown in Figure 5b, where a significant 
increase was found for translational movement (p = 
0.03). No significant change was established for rota-
tional movement.

Figure 6 shows the change of occurrence of low and 
high traction demand movement classification items 
between the group and knockout stages. Among the 

low traction demand items (Figure 6a), sideway trans-
lation recorded the highest percentage of increase to-
ward the knockout stage (31.83%) followed by back-
ward translation (10.84%) and forward translation 
(7.03%), while slow rotation was the only item that 
exhibited a reduction trend (5.68%). However, there 
was no significant difference for these items between 
the 2 stages. On the other hand, a significant increase 
was found for u-cut (+40.67%, p = 0.02) and fast rota-
tion (+51.26%, p = 0.00) among high traction demand 
items between the 2 stages, while no significant dif-
ferences were observed for the other high traction de-
mand items (Figure 6b). Of these items, side-cut was 
the only item that showed reduction (5.91%) toward 
the knockout stage.

* p < 0.05: independent sample t-test results

Figure 5. Relative occurrence of all movement categories in the group and knockout stage matches by (a) 
perceived traction demand and (b) translational and rotational movements

(a) (b)

* p < 0.05: independent sample t-test results

Figure. 6. Changes of relative occurrence for low (a) and high (b) traction demand movements  
at different stages
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Discussion

The first aim of this study was to illustrate typical 
movement patterns in actual futsal matches. A previ-
ous attempt in characterizing futsal movements ex-
tracted 14 different types of primary movements 
among futsal players [10]. However, the study included 
several redundant movement categories, such as player 
stopping, player breaking heavily from a sprint, and 
player in collision phase. Therefore, in this study, all 
movements associated with the players’ stopping with 
an immediate manner were integrated and classified 
as ‘sudden stop’. Also, the movement categories con-
sidered not to have strong association with ball-pos-
session aspects, such as jumping and landing, were 
eliminated from the analysis. Moreover, movements 
were further divided into low and high traction demand 
categories from the perspective of shoe-playing sur-
face interaction aspects.

To date, studies regarding movement profiling com-
monly assume that a ‘normative profile’ should be 
achieved to establish a certain movement classification, 
typically using the standard criteria allowing 5% vari-
ation between matches [10, 15]. However, in this study, 
we found that none of the movements met the ‘norma-
tive’ standard provided in the literature. On the con-
trary, there were only 3 movements (forward transla-
tion, backward translation, side-cut) that exhibited 
some consistency of occurrence frequencies in all 
matches (less than 10% variation). These findings dem-
onstrate a highly variable nature of futsal movements. 
Most of previous studies tend to profile players’ move-
ments by following only one individual player or team 
through multiple matches [9, 10]. Therefore, it is logi-
cal to assume that a homogeneous player group would 
perform less-varied movements through all matches, 
thereby showing less variated patterns. This type of 
approach, commonly used in previous studies, might 
not represent the true nature of players’ movements 
because the number and diversity of players were con-
siderably limited. Similarly, previous studies that ob-
served higher numbers of athletes typically have a lim-
ited time window for analysis [30]. This was a critical 
limitation of these studies and a possible explanation 
why they reported less variable movement profiles. 
In this study, a large number of different players (at 
least 24) were involved in an analysis of 8 competi-
tive matches (full-time) in 2 different stages during an 
international level futsal competition. This may ex-
plain why none of the analysed movements met the 
commonly applied normative profile standard (less 
than 5% variation) established in the literature. In this 

circumstance, it was suggested here that the variation 
criterion of 5% should be reconsidered in light of the 
presented findings. In this study, only 3 movement 
categories (forward translation, backward translation, 
and side-cut) can be judged to have some consistency 
(less than 10% variation). Hughes et al. [15] proposed 
that the normative movement profile could be defined 
differently depending on the study population and var-
iables. On this basis, it can be proposed that the 10% 
criterion would be more reasonable as the standard 
for normative classification in this study.

Contrarily, the movement categories which did not 
meet the normative criteria, such as u-cut and fast ro-
tation, should not be discarded. In this study, we found 
that the relative occurrence of fast rotation and u-cut 
increased significantly during the knockout stage 
matches, indicating the importance of these movements 
in more competitive situations. The significance of these 
movements should therefore be emphasized, even if 
they do not meet the normative standard. It must be 
mentioned here that movements similar to fast rota-
tion or u-cut have been widely adopted as experimen-
tal tasks for laboratory-based biomechanical testing 
[31] but there has been no strong justification of the 
reason for this choice. This finding likely provides 
a reasonable rationale on why these movements are 
tested in laboratory-based settings.

Overall, the most frequently executed movement 
was translational movement, with 82.48% of total oc-
currence. This result supports the previous findings 
and confirms the importance of translational or linear 
movements of athletes in futsal [10], as well as in other 
sports such as soccer, handball, volleyball, and bas-
ketball [32–34]. We also revealed that of the many 
translational movements, the majority was low traction 
demand (58%), in which forward and sideway trans-
lation were most utilized (occurrence of 26.52% and 
14.36%, respectively.

Moreover, among high traction demand movements, 
side-cut was found to be the most frequently utilized, 
accounting for 15.76% of total occurrence. In addition, 
the significant increase of overall translational move-
ments during knockout stage matches (Figure 5b) 
highlights the important role of translational move-
ment aspects in futsal. It is also clear that while rota-
tional movements are regarded as important in human 
movement studies [35], their execution among futsal 
players was relatively low in this study. A series of 
findings related to translational movements in this 
study indicates the significance of these movements 
in forming the foundation aspects for futsal players in 
maintaining ball possession.
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The second aim of this study was to investigate the 
effect of different tournament stages on the futsal move-
ment classification. Through comparisons between 
matches from the group stage (strong vs. weak teams) 
and the knockout stage (strong vs. strong teams), it was 
established that during the knockout stage matches, 
the futsal players increased their movement intensity. 
This could be verified by the significant increases of 
overall movement (Figure 4) and translational move-
ment (Figure 5b) occurrence during the knockout stage 
matches.

Moreover, from the perceived traction demand as-
pects, it was found that there were only 2 high traction 
demand movements (u-cut and fast rotation) that were 
significantly different (p < 0.05) in terms of the mean 
frequency when compared between the group and the 
knockout stage matches (Figure 6b). This study is the 
first to demonstrate significant changes in movement 
patterns while in ball possession in futsal matches 
from different tournament stages, suggesting that the 
players are adapted to change their playing direction 
more frequently using high traction demand move-
ments during higher competitive environment. This 
is because during the knockout stage, the quality of 
opponents was arguably higher and they tended to 
defend better [36]. This could have potentially contrib-
uted to creating more difficult situations for players on 
attacking, such as dribble past the facing defender. 
Thus, the consequences of these scenarios were likely 
represented as a significant increase of u-cut and fast 
rotation occurrence during the knockout stage matches.

To further elaborate, these increments (u-cut and 
fast rotation) demonstrate that as players in the attack-
ing mode tend to face some difficulty in penetrating 
the opponents’ goal area, more deeper cut and fast ro-
tation movements are performed during the knockout 
stage in order to maintain ball possession and to re-
launch the attacking movement. The unique changes 
seen in this study could have been reflected by tacti-
cal behaviours among successful sports teams that 
were capable to alter their movements when facing con-
straints from the opponent defensive formation [37].

Finally, in this study, the ball possession, the tour-
nament stages, and the perceived traction demand 
aspects were considered as the key factors that could 
influence movements performed by the players. In terms 
of the practical approach, the current findings high-
light the importance of external factors such as the 
tournament stage, which may partially reflect the op-
ponent’s competitive level. The same principle can be 
applied in other football codes, too.

Conclusions

A list of movement categories while in ball posses-
sion executed by futsal players has been presented. 
The results indicate that while not all of these move-
ment categories achieved the commonly applied nor-
mative profile definitions, translation movements such 
as forward translation, backward translation, and side-
cut run were consistently executed by players. It was 
also found that u-cut and fast rotation movements were 
significantly influenced by the tournament stages. 
Moreover, it was noticed that the movement rates of 
occurrence, particularly those of translational move-
ments, significantly increased in futsal matches among 
the best performing teams during the knockout stage 
matches. There were also more changes of direction 
related movements observed in higher stage compet-
itive matches. As a result, these movements (side-cut 
and u-cut: 28.01% of occurrence rate, collectively) were 
found to be substantial in representing futsal play-
ers’ motion.
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