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Variations in the physical demands 
and technical performance 
of professional soccer teams 
over three consecutive seasons
Zeki Akyildiz1, Hadi Nobari2,3*, Francisco Tomás González‑Fernández4, 
Gibson Moreira Praça5, Hugo Sarmento6, Aytek Hikmet Guler7, Esat Kaan Saka8, 
Filipe Manuel Clemente9,10 & António J. Figueiredo11

The purpose of this study was twofold: (i) to analyze the seasonal variations in the physical demands 
of Turkish Super League teams considering their status in the final rankings and (ii) to analyze the 
seasonal variations in the technical performance of Turkish Super League teams considering their 
status in the final rankings. This study followed an observational analytic retrospective design. In the 
last three seasons of the Turkish Super League (2015–2016, 2016–2017 and 2017–2018), 918 football 
matches, 54 teams, 25,029 observations were made. The Sentio Sports optical tracking system was 
used to quantify the physical demands and technical execution of players in all matches. No significant 
differences of external load were found between seasons analyzed (p > 0.05). The number of lost balls, 
ball touches in the central corridor, and goals from set pieces increased from season one to the others 
(p < 0.05), while the number of successful dribbles reduced over time (p < 0.05). As conclusion, it seems 
not occurred a progressive change in external load over the seasons, while an evolutionary trends 
regarding technical variables were observed.

Soccer is a dynamic system in which performance is modulated by different dimensions (i.e., physical, physiologi-
cal, technical, tactical, and psychological)1,2. Considering these dimensions, performance analysis has progres-
sively become a consolidated scientific sub-discipline, namely considering specific fields such as match analysis3,4 
and time-motion analysis5,6. Match analyses include analyses of technical skills, tactical behavior, or collective 
dynamics; time-motion analyses include the physical demands related to the match7,8.

Descriptions of soccer team’s performance in different matchs or scenarios using different outcomes in inter-
action with different moderators have become a popular topic of research3. In the case of physical performance, 
it is relatively well-known that contextual factors such as match location, match status, playing position, and 
competitive level influence differences and variations in match running9,10. Additionally, researchers have tried 
to identify the evolutionary tendencies of match running demands over seasons in specific matchs11,12. As an 
example, in a longitudinal study conducted in English Premier League teams over seven seasons, a clear increas-
ing tendency for performing sprinting was found, while no meaningful changes were found for total running 
distance11. Similar findings revealing a clear intensification of match running demands in matches were found 
in another seven-year longitudinal study12. In the Spanish league, a study conducted over four consecutive 
seasons revealed a significant decrease of total distance, while a significant increase in high-intensity running 
and sprinting was found2.
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Similar to match running demands, analyses of specific technical outcomes have also been researched in 
depth, namely to identify main outcomes as passes or finalizations as highly influenced by moderators as con-
textual factors, the quality of the teams, the quality of the opponents, or playing position13. Also, regarding 
technical performance, interesting research has provided findings about the tendency of evolution over the years 
in the same competition11,12,14. In a study conducted over seven studies comprising 14,700 observations, a clear 
increasing tendency was found that more passes were made (and that more passes were successful) over time12. 
In a longitudinal study, it was also found that although medium passes progressively increase, the ranking of the 
teams affects the final classification11.

Despite the above-mentioned longitudinal studies’ support for evolutionary tendencies in specific perfor-
mance outcomes11,12, most of studies are conducted in the big five leagues (English, Spanish, French, Italy and 
German). Further research should be conducted at different competitive levels to confirm whether the evolution-
ary tendency holds across different countries. Moreover, know possible differences among ranking of the teams 
may identify how the evolution of physical and technical demands can be related with the classification of the 
teams and overall quality helping to benchmark the levels expected. Considering that no studies were conducted 
in the Turkish Super League, it is important to identify and describe the evolutionary tendency of match running 
performance and technical performance over previous years.

With that in mind, the purpose of this study was twofold: (i) to analyze the seasonal variations in the physical 
demands of Turkish Super League teams over three consecutive seasons and (ii) to analyze the seasonal variations 
in the technical performance of Turkish Super League teams over three consecutive seasons.

Statistical analysis.  The present research consisted of the within-participants factor ranking group con-
dition [ranking group 1 (1th, 2th, 3th, 4th, 5th and 6th classified of season 1); ranking group 2 (7th, 8th, 9th, 
10th, 11th and 12th classified of season 2; and ranking group 3 (13th,14th,15th,16th,17th and 18th classified 
of season 3)] and season condition [season 1 (2015–2016); season 2 (2016–2017), and season 3 (2017–2018)]. 
For the treatment of the data, we use adequate statistical methods to calculate percentages and central and dis-
persion parameters (arithmetic mean and standard deviation). Data distribution was examined for normality 
using Kolmogorov–Smirnov test (> 50 samples). A two way, mixed-design ANOVA for ranking group condition 
and season condition was used to analyze physical and technical performance. Finally, multiple pairwise com-
parisons were employed for obtaining differences between condition, and the Bonferroni correction was used 
to compensate the multiple post hoc comparisons. The significance level was set at 5% (p < 0.05). Effect size is 
indicated with Cohen’s d for pairwise comparisons and partial eta squared for Fs. reported. The effect size (d) 
was calculated through Cohen’s d (23,24). The interpretation of the d regardless of the sign, followed the scale: 
Very small (0.01), Small (0.20), Medium (0.50), Large (0.80), Very large (1.20), Huge (2.0) as initially suggested 
by Cohen15 and expanded by Sawilowsky16. Statistical analyses were performed using SPSS v.26 for Mac (SPSS 
Inc., Chicago, IL). For all analyses, significance was accepted at p < 0.05.

Methods
Study design and experimental approach.  This research has a long-term observational research 
design.The fact that it has a long-term research design with big data that investigates the structure of long-
term Turkish football increases its importance. In Turkey Super League season during 2015–2016, 2016–2017, 
2017–2018, while a total of 306 matchs were played in 1 season, on the other hand, a total of 918 matchs were 
played in 3 seasons. Competition in Turkey Super League were played throughout the 4 days a week. (Friday, Sat-
urday, Sunday and Monday) During the season, each team played a total of 34 matchs and one match per week. 
9 matches played every week were recorded by the Sentio Sports optical tracking system. Sentio Sports optical 
tracking system consists of two cameras with 4 K resolution, a notebook and a Sentio Scope software. Technical 
parameters and kinematic analysis in these matchs were done automatically by Sentio Scope software. This study 
was approved by the Ethics Committee of the Halic University (2019/12.11.2019/09–2019/10). The entire study 
follows the Helsinki Declaration for Humanities.

Variables.  Sentio Scope software automatically tracked the players of both teams during a match and pro-
duced the total distance covered by each player, the high intensity running distance covered over 20 km/h, and 
the sprint distance covered over 24 km/h as csv extension file. The total distance (TD) covered by the team at the 
end of the match was calculated by taking the sum of all the distance covered by the players of the team during 
the match. The total high intensity running distance (THID) reached by the team at the end of the match was 
calculated by taking the sum of the high intensity running distance that the players of the team covered over 
20 km/h during the match. The total number of sprints (TS) reached by the team at the end of the match was 
calculated by taking the sum of the number of players belonging to the team accelerated to over 24 km/h during 
the match. The total sprint distance (TSD) reached by the team at the end of the match was calculated by taking 
the sum of the distance the players of the team covered over 24 km/h during the match.

The technical data of all the actions of the players during the match were obtained by the Sentio Scope soft-
ware over the same system. The technical data obtained are: Playing the ball %, Correct Passing Per Match %, 
Pass Per Minute, through ball per match, Key pass per match, long pass per match, Passes to the third zone per 
game, Ball loss per match, Ball win per match, Number of meetings with the ball in the inner hallway, Average 
goals per game, total goals scored from standing balls, goal from a corner, freekick goal scored, penalty scored, 
goal scored from throw-in, cross the ball %, Dribbles per match, Successful dribbles per match %. The success-
ful pass percentage (BP) achieved by the team at the end of the match is calculated by proportioning the total 
number of successful passes made by the players of the team during the match to the total number of passes of 
the players. The percentage of possession of the ball at the end of the match (TBP) of the team was calculated by 
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dividing the total time that the players owned the ball during the match to the total time of possession of both 
teams. Necessary permissions have been obtained from Sentio Sports company to publish the work.

Data collection and measurement.  Sentio Sports optical tracking system consists of two cameras with 
4 K resolution, a notebook and a Sentio Scope software (Fig. 1). This monitoring system has been shown to 
provide good reliability and accuracy in previous studies17–19. The cameras are fixedly positioned in the live 
broadcast room by the broadcaster, which is at the level of the midfield line, so that they can see the field in two 
parts (Fig. 2). After the cameras are connected to the computer, the sharpness adjustment and calibration of the 
cameras on the field image are performed with the Sentio software (Fig. 3). Calibration requires the definition 
of the number of points requested by the system to the software. After the team staff is encoded into the Scope 
software by an operator, the system automatically starts tracking the players and recording the location data of 
the players (Fig. 4). The location data of the match are not assigned to the player by the system since the distances 
of the players to each other in corner and set ball organizations are too close.Therefore, assigning the registered 
data of the players confused by the system to the correct player is resolved by the operator’s identification of these 
players, and thus data loss is prevented20. Scope software asks questions to the operator to check the locations at 
regular intervals so that the accuracy of the optical tracking is not reduced during the match.

League ranking classifications.  The league rankings are classified according to Groups: (A) 1.–5. rank-
ing, (B) 6.–10. ranking, (C) 10.–14. ranking and (D) 15th–18th ranking. The league ranking classification is 
a system created with the performances of the teams during the season. Groups A included the top 4 teams 
that could qualify for UEFA Champions League (UCL) each season, while Groups B included the next 4 teams 
around the European qualification. Group B teams were the teams that finished the league after group A. Group 
C made up the remaining 6 teams that were not challenging for European qualification or battling relegation. 
Group D consisted of the bottom 6 teams that are typically battling against relegation. The rankings of the teams 
in the league are based on the points they earn.

Figure 1.   Sentio Sports optical tracking system positioning.

Figure 2.   Full field view of cameras belongs to Sentio Sports optical tracking system.
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Statistical analysis.  The present research consisted of the within-participants factor group condition 
[group 1 (1,2,3,4,5 and 6 classified of season 1); group 2 (7,8,9,10,11 and 12 classified of season 2; and group 
3 (13,14,15,16,17 and 18 classified of season 3)] and season condition [season 1 (2015–2016); season 2 (2016–
2017), and season 3 (2017–2018)]. For the treatment of the data, we use adequate statistical methods to calcu-
late percentages and central and dispersion parameters (arithmetic mean and standard deviation). Analyses 
of variance (ANOVAs) were used to analyze physical [(i) TD; (ii) THID; (iii) TS; and (iv) TSD], and technical 
performance [(i) playing the ball%; (ii) correct passing per match %; (iii) pass per minute; (iv) through ball per 
match; (v) key pass per match; (vi) long pass per match; (vii) passes to third zone per match; (viii) ball loss per 
match; (ix) ball win per match, (x) number of meeting with the ball in the inner hallway; (xi) average goals per 
match; (xii) total goals scored from standing balls; (xiii) goal from a corner; (xiv) frekick goal scored; (xv) pen-
alty scored; (xvi) goal scored form throw-in (were not performed, finally there were not enough variance for do 
the analysis); (xvii) cross the ball %; (xviii) dribbling per match; (ixx) dribbling per match %].

The Sphericity assumed were used to compare individual data points obtained from each season. Statistically 
significant effects were further analyzed by paired-sample t-tests [0.2 (small); 0.5 (medium) and > 0.8 (large)] 
corrected by Holm-Bonferroni for pairwise comparisons. Effect size is indicated with Cohen’s d for pairwise 

Figure 3.   Sentio Sports optical tracking system field calibration.

Figure 4.   Sentio Sports optical tracking system computer software screen.
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comparisons and partial eta squared for Fs. reported. Data were analyzed using software Statistica (version 10.0; 
Statsoft, Inc., Tulsa, OK, USA). For all analyses, significance was accepted at p < 0.05.

Ethics approval and consent to participate.  The study fully adheres to the ethical principles of the dec-
laration of Helsinki as wel as GCP guidelines. The ethics committee for clinical research at the Haliç University 
approved this study. Informed consent was obtained from all subjects (Number:2019/12.11.2019/09-2019/10).

Consent for publication.  Permission was obtained from the company providing the data for publication.

Results
Physical performance.  A two-way mixed ANOVA with ranking group means TD, did not reveal a sig-
nificant main effect of season condition, F (2.4) = 1.35, p = 0.26, η2 = 0.28, and the interaction between season 
condition and group, F (2.4) = 1.68, p = 0.17, η2 = 0.13. The main effect of ranking group condition neither was 
significant, F < 1 (Fig. 5). In a second two-way mixed ANOVA with ranking group means THID, did not show a 
significant main effect of season condition, F (2.4) = 1.52, p = 0.22, η2 = 0.38, and neither an interaction between 
season condition and ranking tears, F (2.4) = 1.20, p = 0.32, η2 = 0.09. The main effect of ranking group condi-
tion was in the same line and did not show significant results, F < 1 (Fig. 6). Another two-way mixed ANOVA 
with ranking group means TS, did not reveal significant main effect of season condition, F (2.4) = 1.70, p = 0.19, 
η2 = 0.69. The effect of ranking group condition and interaction between ranking group and season neither were 
significant, F < 1 in all cases (Fig. 7). Lastly, other two-way mixed ANOVA with ranking group means TSD, did 
not expose a significant main effect of season condition, F (2.4) = 1.66, p = 0.20, η2 = 0.77. The main effect of 
ranking group condition neither was significative, F (2.4) = 2.07, p = 0.24, η2 = 0.50. In addition, the interaction 
between ranking group and season did not reveal significant effects, F < 1 (Fig. 8). Physical data of the player 
during the match [TD, THID, TS and TSD (SE)] as a function of ranking group and season condition are shown 
Table 1.

Technical performance.  A two-way mixed ANOVA with ranking group means playing the ball percent-
age, revealed a significant main effect of ranking group condition, F (2.4) = 13.88, p = 0.01, η2 = 0.87, teams of 
ranking 1 have a playing the ball percentage generally higher than ranking group 2 or 3. On the one hand, the 
effect of season condition was not significant, F < 1. On the other hand, interaction between ranking group and 
season condition showed no significant differences, F (2.4) = 1.12, p = 0.35, η2 = 0.09. In a reference to main effect 
of ranking group condition, pairwise comparisons showed significant differences between the ranking group 1 
and ranking group 2, t(17) = 4.29, p < 0.001, d = 1.58, and between the ranking group 1 and the ranking group 3, 
t(17) = 3.62, p < 0.002, d = 1,50. The comparison between ranking group 2 and ranking group 3, t(17) = − 0.34, 
p < 0.073, d = − 0.05, failed to reach statistical significance (Fig. 9). Moreover, a two-way mixed ANOVA with 
ranking group means correct passing per match percentage, showed a significant effect of ranking group condi-
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tion, F (2.4) = 11.88, p = 0.002, η2 = 0.85. Teams of ranking group 1 performed correct passing per match per-
centage with more efficacy than the teams of ranking group 2 and ranking group 3. In fact, pairwise compari-
sons showed significant differences between the ranking group 1 and the ranking group 2, t(17) = 3.51 p < 0.002, 
d = 1.05, and between the ranking group 1 and ranking group 3, t(17) = 4.44, p < 0.001, d = 1.53. The comparison 
between ranking group 2 and ranking group 3, t(17) = 1.70, p < 0.010, d = − 0.40, was not significative. The effect 
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of season condition was not significative, F (2.4) = 1.69, p = 0.19, η2 = 0.50, and the interaction between ranking 
group and season condition neither showed significative data, F < 1 (Fig. 10). Furthermore, a two-way mixed 
ANOVA with ranking group means correct pass per minute, showed a significant effect of ranking group condi-
tion, F (2.4) = 19.54, p = 0.001, η2 = 0.90. Teams of ranking group 1 realized significative more pass per minute 
than ranking group 2 and 3. In addition, ranking group 2 performed also significative more pass per minute 
than ranking group 3. In fact, a pairwise comparisons showed significant differences between the ranking group 
1 and the ranking group 2, t(17) = 3.53, p = 0.002, d = 1.51, and between the ranking group 1 and the ranking 
group 3, t(16) = 6.15, p = 0.001, d = 0.93. Furthermore, the comparison between ranking group 2 and ranking 
group 3, t(16) = 3.18, p = 0.006, d = 0.53, also was significative. The effect of season condition and interaction 
between ranking group and season were not significant, F (2.4) = 2.43, p = 0.09 η2 = 0.63, and F < 1 respectively 
(Fig. 11). In the same line of above analysis, another two-way mixed ANOVA with ranking group means through 
ball per match not revealed significative main effects on ranking group condition and neither in the interac-
tion between ranking group and season condition, F (2.4) = 1.49, p = 0.32, η2 = 0.42, and F (2.4) = 1.38, p = 0.25, 
η2 = 0.10, respectively. Interestingly, data revealed a significant main effect of season condition, F (2.4) = 4.75, 
p = 0.01, η2 = 0.63. Teams of ranking group 1 performed through ball per match with more effectiveness than 
the teams of ranking group 2 and ranking group 3. In fact, pairwise comparisons showed significant differences 
between the ranking group 1 and the ranking group 2, t(17) = 1.87, p = 0.07, d = 2.81, and between the ranking 
group 1 and ranking group 3, t(17) = 1.08, p = 0.35, d = 1.44. The comparison between ranking group 2 and rank-
ing group 3, t(17) = 1.73, p = 0.29, d = − 1.68, was not significative (Fig. 12). Technical data of the player during 
the match [Playing the ball %, Correct Passing per Match %, Pass per minute; Through ball per match (mean and 
SE)] as a function of ranking group and season condition are shown Table 2.

In this connection, a two-way mixed ANOVA with ranking group means key pass per match revealed a 
significant main effect of ranking group condition, F (2.4) = 13.97, p = 0.01, η2 = 0.87. Teams of ranking group 1 
performed more key pass per match than ranking group 2 and ranking group 3. In fact, pairwise comparisons 
showed significant differences between the ranking group 1 and the ranking group 2, t(17) = 3.75, p = 0.001, 
d = 4.18, and between the ranking group 1 and ranking group 3, t(17) = 3.89, p = 0.001, d = 4.96. The comparison 
between ranking group 2 and ranking group 3, t(17) = 0.42, p = 0.67, d = 1.26, was not significative (Fig. 12). 
Continuing with the previous analysis, the interaction between ranking group and season and the main effect 
of season did not reveal significant data, F < 1, in both cases (Fig. 13). In the same way, other two-way mixed 
ANOVA with ranking group means long pass per match revealed significative effect of ranking group condition, 
F (2.4) = 7.15, p = 0.04, η = 0.78. Teams of ranking group 2 performed with more effectiveness key pass per match 
than ranking group 3 and ranking group 1. In fact, pairwise comparisons did not showed significant differences 
between the different ranking: ranking group 1 vs ranking group 2, ranking group 1 vs ranking group 3, ranking 
group 2 vs ranking group 3, t(17) =  − 1.45, p = 0.15, d = − 0.53, t(17) =  − 0.63, p = 0.53, d = − 0.21, and t(17) = 1.28, 
p = 0.21, d = 0.39, respectively. Last, no significant effects were identified in season condition and neither in 
the interaction between ranking group and season was not significant, F < 1 (Fig. 14). A new two-way mixed 
ANOVA with ranking group means passes to third zone per match, revealed a significant main effect of ranking 

2200

2300

2400

2500

2600

2700

2800

2900

3000

Season 1 Season 2 Season 3

24
km

/h
di
st
an

ce

Ranking Group

Series1

Series2

Series3

Ranking Group 1

Ranking Group 2

Ranking Group 3

Figure 8.   Physical performance. Mean TSD (± SE) as a funtion of Ranking and Season Condition.



8

Vol:.(1234567890)

Scientific Reports |         (2022) 12:2412  | https://doi.org/10.1038/s41598-022-06365-7

www.nature.com/scientificreports/

Ta
bl

e 
1.

  P
hy

sic
al

 d
at

a 
of

 th
e 

pl
ay

er
 d

ur
in

g 
th

e 
m

at
ch

 [T
D

, T
H

ID
, T

S 
an

d 
TS

D
 (S

E)
] a

s a
 fu

nc
tio

n 
of

 R
an

ki
ng

 g
ro

up
 a

nd
 S

ea
so

n 
C

on
di

tio
n.

 N
ot

es
: D

at
a 

ar
e 

pr
es

en
te

d 
as

 m
ea

ns
 a

nd
 st

an
da

rd
 

de
vi

at
io

ns
. T

D
: T

ot
al

 D
ist

an
ce

; T
H

ID
: T

ot
al

 h
ig

h 
in

te
ns

ity
 ru

nn
in

g 
di

st
an

ce
; T

S:
 T

ot
al

 n
um

be
r o

f s
pr

in
ts

; T
SD

: T
ot

al
 sp

rin
t d

ist
an

ce
; R

: R
an

ki
ng

; T
ea

m
s: 

Be
şik

ta
ş (

B)
; F

en
er

ba
hç

e 
(F

); 
Ko

ny
as

po
rt

 (K
o)

; B
aş

ak
şe

hi
r (

Ba
); 

O
sm

an
lıs

po
r (

O
); 

G
al

at
as

ar
ay

 (G
); 

K
as

ım
pa

şa
 (K

); 
A

kh
isa

r (
A

); 
A

nt
al

ya
sp

or
 (A

n)
; G

en
çl

er
bi

rli
ği

 (G
e)

; B
ur

sa
sp

or
 (B

u)
; T

ra
bz

on
sp

or
 (T

); 
Ri

ze
sp

or
 (R

); 
G

az
ia

nt
ep

sp
or

 (G
a)

; K
ay

se
ris

po
r (

K
a)

; S
iv

as
sp

or
 (S

); 
Es

ki
şe

hi
rs

po
r (

E)
; M

er
sin

 İY
 (M

); 
K

ar
ab

ük
sp

or
 (K

ar
); 

A
la

ny
as

po
r (

A
l);

 A
da

na
sp

or
 (A

d)
, G

öz
te

pe
 (G

ö)
, a

nd
 M

al
at

ya
sp

or
 (M

.

%
N

 =
 18

 te
am

s

Se
as

on
 1

Se
as

on
 2

Se
as

on
 3

R
T

TD
TH

ID
TS

TS
D

T
TD

TH
ID

TS
TS

D
T

TD
TH

ID
TS

TS
D

R
an

ki
ng

 g
ro

up
 1

1
B

10
8,

70
0

43
70

.3
5

13
0.

32
23

85
.7

4
B

10
9,

10
0

43
24

.5
6

10
9.

74
23

30
.8

2
G

10
9,

90
0

47
75

.7
3

12
9.

12
27

90
.4

3

2
F

10
9,

10
0

46
94

.1
6

12
8.

00
24

44
.9

5
Ba

11
0,

80
0

46
89

.8
1

12
4.

24
26

68
.8

0
F

11
0,

30
0

46
94

.1
6

11
1.

44
24

44
.9

5

3
Ko

11
3,

30
0

46
02

.6
6

11
2.

35
23

82
.1

7
F

10
6,

00
0

42
81

.6
5

11
7.

44
25

06
.0

9
Ba

11
1,

90
0

47
82

.5
4

11
8.

26
24

65
.8

1

4
Ba

11
1,

60
0

47
82

.5
4

12
3.

03
24

65
.8

1
G

11
0,

40
0

46
68

.7
9

11
9.

62
25

03
.2

9
B

10
6,

50
0

43
70

.3
5

11
2.

85
23

85
.7

4

5
O

s
11

0,
50

0
43

43
.7

5
12

8.
65

25
22

.1
9

A
n

10
5,

90
0

45
44

.8
9

11
8.

26
25

72
.4

1
T

10
8,

40
0

49
31

.0
2

12
6.

24
26

85
.8

1

6
G

10
7,

60
0

47
75

.7
3

11
9.

74
27

90
.4

3
T

11
0,

70
0

50
93

.5
9

12
6.

97
27

33
.2

9
G

ö
11

0,
10

0
45

70
.7

7
11

7.
09

24
66

.5
2

11
0,

13
3.

33
 ±

 20
90

.6
1

45
94

.8
6 ±

 17
8.

57
12

3.
68

 ±
 6.

22
24

98
.5

5 ±
 13

9.
03

10
8,

81
6.

67
 ±

 23
02

.5
3

46
00

.5
5 ±

 26
9.

78
11

9.
38

 ±
 5.

47
25

52
.4

5 ±
 12

9.
31

10
9,

51
6,

67
 ±

 18
50

.8
6

46
87

.4
3 ±

 17
8.

13
11

9.
17

 ±
 6.

50
25

39
.8

7 ±
 14

5.
89

R
an

ki
ng

 g
ro

up
 2

7
K

11
0,

40
0

49
34

.1
0

14
1.

24
27

03
.1

0
A

11
0,

50
0

45
59

.3
3

10
9.

06
23

40
.7

7
S

10
7,

40
0

44
74

.9
9

11
6.

71
24

93
.6

6

8
A

10
9,

00
0

43
8.

85
10

9.
38

25
44

.3
7

G
e

11
2,

00
0

50
00

.4
3

12
8.

62
27

97
.2

3
K

11
2,

10
0

49
34

.1
0

12
4.

09
27

03
.1

0

9
A

n
10

5,
30

0
44

63
.4

8
11

3.
26

24
13

.6
9

Ko
11

4,
20

0
46

69
.3

0
11

1.
44

23
52

.3
1

K
a

10
8,

70
0

46
52

.5
5

13
1.

74
27

32
.1

7

10
G

e
10

7,
80

0
46

47
.2

3
12

6.
68

24
38

.0
6

K
11

0,
70

0
49

30
.2

3
12

1.
41

25
76

.0
8

M
10

8,
80

0
44

14
.2

2
10

1.
62

21
49

.5
7

11
Bu

11
0,

00
0

44
96

.8
9

11
9.

53
25

34
.4

1
K

ar
11

3,
70

0
53

55
.3

0
14

4.
00

30
52

.0
5

A
10

9,
50

0
43

85
.8

5
11

6.
41

25
44

.3
7

12
T

10
8,

80
0

49
31

.0
2

11
9.

74
26

85
.8

1
A

l
10

8,
40

0
45

60
.5

4
13

2.
12

28
25

.3
1

A
l

10
6,

80
0

44
52

.8
5

11
9.

44
25

61
.4

1

10
8,

55
0.

00
 ±

 18
39

.2
9

46
43

.0
9 ±

 21
8.

87
12

1.
64

 ±
 10

.3
1

25
53

.2
4 ±

 11
0.

46
11

1,
58

3.
33

 ±
 21

72
.0

2
48

45
.8

6 ±
 28

4.
38

12
4.

44
 ±

 12
.0

7
26

57
.2

9 ±
 25

9.
31

10
8,

88
3,

33
 ±

 18
60

.5
6

45
52

.4
2 ±

 19
0.

81
11

8.
33

 ±
 9.

13
25

30
.7

1 ±
 19

0.
64

R
an

ki
ng

 g
ro

up
 3

13
R

11
1,

10
0

46
52

.5
5

13
3.

68
27

32
.1

7
O

10
9,

10
0

47
54

.5
7

12
4.

21
27

88
.2

6
Bu

10
9,

00
0

44
96

.8
9

11
5.

74
25

34
.4

1

14
G

a
10

4,
90

0
44

74
.9

9
11

7.
56

24
93

.6
6

B
11

2,
60

0
47

47
.4

7
10

9.
76

23
37

.2
3

A
n

10
8,

20
0

44
63

.4
8

11
4.

85
24

13
.6

9

15
K

a
10

4,
40

0
44

52
.8

5
11

3.
71

25
61

.4
1

K
a

10
6,

90
0

45
87

.1
5

13
2.

94
27

81
.4

4
Ko

10
7,

60
0

46
02

.6
6

11
3.

18
23

82
.1

7

16
S

11
0,

70
0

44
14

.2
2

12
9.

38
21

49
.5

7
R

11
2,

70
0

47
69

.3
2

13
4.

91
28

77
.8

2
O

10
7,

80
0

43
43

.7
5

11
3.

44
25

22
.1

9

17
E

11
2,

00
0

45
70

.7
7

12
9.

79
24

66
.5

2
G

a
10

7,
60

0
43

99
.2

3
11

4.
59

24
93

.0
6

G
e

10
9,

40
0

46
47

.2
3

11
1.

88
24

38
.0

6

18
M

10
9,

40
0

46
37

.3
9

11
1.

74
25

25
.3

9
A

d
11

0,
40

0
46

20
.7

8
11

2.
50

24
29

.8
6

K
ar

10
9,

60
0

46
37

.3
9

11
9.

38
25

25
.3

9

10
8,

75
0.

00
 ±

 32
88

.0
1

45
33

.7
9 ±

 91
.7

5
12

2.
64

 ±
 8.

59
24

88
.1

2 ±
 17

3.
89

10
9,

88
3.

33
 ±

 24
62

.0
5

46
46

.4
2 ±

 13
0.

57
12

1.
49

 ±
 9.

87
26

17
.9

4 ±
 20

5.
36

10
8,

60
0.

00
 ±

 84
8.

53
45

31
.9

0 ±
 10

8.
58

11
4.

75
 ±

 2.
41

24
69

.3
2 ±

 60
.3

4



9

Vol.:(0123456789)

Scientific Reports |         (2022) 12:2412  | https://doi.org/10.1038/s41598-022-06365-7

www.nature.com/scientificreports/

45

47

49

51

53

55

57

Season 1 Season 2 Season 3

Pl
ay

in
g
th
e
ba

ll
%

Ranking Group

Series1

Series2

Series3

Ranking Group 1

Ranking Group 2

Ranking Group 3

Figure 9.   Technical performance. Mean playing the ball percentage (± SE) as a funtion of Group and Season 
Condition.

77

79

81

83

85

87

Season 1 Season 2 Season 3

C
co
rr
ec
tp

as
si
ng

pe
r
m
at
ch

%

Ranking Group

Series1

Series2

Series3

Ranking Group 1

Ranking Group 2

Ranking Group 3

Figure 10.   Technical performance. Mean correct passing per match percentage (± SE) as a funtion of Ranking 
and Season Condition.



10

Vol:.(1234567890)

Scientific Reports |         (2022) 12:2412  | https://doi.org/10.1038/s41598-022-06365-7

www.nature.com/scientificreports/

group condition, F (2.4) = 53.62, p = 0.001, η2 = 0.96. Teams of ranking group 1 act more effectively and executed 
more passes to the third zone per game than ranking group 2 or 3. The effect of season condition also revealed 
a significant main effect of season, F (2.4) = 3.27, p = 0.04, η2 = 0.86. At the end, the interaction between ranking 
group and season condition was not significant, F (2.4) = 0.25, p = 0.90, η2 = 0.02. On the one hand, regarding 
to main effect of ranking group condition, pairwise comparisons showed significant differences between the 
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ranking group 1 and ranking group 2, t(17) = 3.62, p = 0.002, d = 1.29, and between the ranking group 1 and the 
ranking group 3, t(17) = 5.01, p = 0.001, d = 1.66. The comparison between ranking group 1 and ranking group 2, 
t(17) = 0.81, p = 0.042, d = 0.32, did not show statistical significance. On the other hand, regarding to main effect 
of season condition, pairwise comparisons showed not statistical significance differences between the season 1 
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Figure 13.   Technical performance. Mean key pass per match (± SE) as a funtion of Ranking and Season 
Condition.
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and season 2, t(17) = 1.44, p = 0.16, d = 0.41. However, revealed significant differences between the ranking group 
1 and the ranking group 3, t(17) = 2.92, p = 0.009, d = 0.78. The comparison between ranking group 2 and ranking 
group 3, t(17) = 1.21, p = 0.24, d = 0.26, did not reveal statistical significance (Fig. 15). In the same line of previous 
analysis, a two-way mixed ANOVA with ranking group means ball loss per match reflected a significant main 
effect of season condition, F (2.4) = 6.53, p = 0.003, η2 = 0.79. Data showed that in values of season 1 were lower 
than in season 2 and 3. In addition, data of season 2 were higher than in season 3. The main effect of ranking 
group condition and interaction between ranking group and season was not significant, F < 1. In a reference to 
main effect of season condition, pairwise comparisons showed significant differences between the season 1 and 
season 3, t(17) = 3.05, p = 0.001, d = 1.10, and between the season 2 and season 3, t(17) = 4.08, p = 0.001, d = 1.12. 
The comparison between season 1 and season 2, t(17) = 0.71, p = 0.48, d = 0.24, did not produce statistical differ-
ences (Fig. 16). Technical data of the player during the match [Key pass per match, long pass per match, passes to 
the third zone per game (mean and SE)] as a function of ranking group and season condition are shown Table 3.

A two-way mixed ANOVA with ranking group means ball win per match reflected a significant main effect 
of season condition, F (2.4) = 475.66, p = 0.001, η2 = 0.98. Data showed that in values of season 1 were lower than 
in season 2 and 3. In addition, data of season 2 were higher than in season 3. The main effect of ranking group 
condition and interaction between ranking group and season condition did not reflect significative differences, 
F < 1, and F (2.4) = 2.44, p = 0.06, η2 = 0.17, respectively. In a reference to main effect of season condition, pair-
wise comparisons showed significant differences between the season 1 and season 2, t(17) = − 21.42, p = 0.001, 
d = − 8.77, and between the season 1 and season 3, t(17) = − 23.24, p = 0.001, d = − 8.77. The comparison between 
season 2 and season 3, t(17) = 4.98, p = 0.41, d = 1.60, did not reveal statistical significant differences (Fig. 17). As 
the previous analysis, a two-way mixed ANOVA with ranking group means number of meetings with the ball in 
the inner hallway, revealed a significant main effect of season condition, F (2.4) = 4.60, p = 0.015, η2 = 0.60. The 
values of season 1 were lower than in season 2 and 3. The main effect of ranking group condition and the interac-
tion between ranking group and season was not significant, F (2.4) = 5.58, p = 0.07, η2 = 0.73, and F (2.4) = 1.49, 
p = 0.22, η2 = 0.11, respectively. In connection to main effect of season condition, pairwise comparisons showed 
significant differences between the season 1 and the season 2, t(17) = − 2.71, p = 0.01, d = − 0.87, and between 
season 1 and season 3, t(17) = − 2.79, p = 0.01, d = − 0.99. Finally, the comparison between season 2 and season 
3, t(17) = − 1.17, p = 0.25, d = − 0.16, was not significant (Fig. 18). Furthermore, a two-way mixed ANOVA with 
ranking group means average goals per match, revealed a significant main effect of ranking group condition, 
F (2.4) = 59.45, p = 0.001, η2 = 0.96. teams of ranking group 1 have an average goals per match generally higher 
than ranking group 2 or 3. Pairwise comparisons showed significant differences between the ranking group 1 
and the ranking group 2, t(17) = 4.60, p = 0.001, d = 1.61, and between the ranking group 1 and ranking group 
3, t(17) = 10.30, p = 0.001, d = − 2.40. The comparison between ranking group 2 and ranking group 3, showed 
significant differences, t(17) = 2.85, p = 0.01, d = 1.14. Finally, the main effect of season condition and the inter-
action between ranking group and season condition did not reveal significant differences, F < 1 in both cases 
(Fig. 19). A two-way mixed ANOVA with ranking group means total goals scored from standing balls, showed a 
significant main effect of season condition, F (2.4) = 23.62, p = 0.001, η2 = 0.92. The values of season 1 were higher 
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Figure 16.   Technical performance. Mean ball loss per match (± SE) as a funtion of Ranking and Season Condition.

Table 3.   Technical data of the player during the match [Key pass per match, long pass per match, Passes to the third 
zone per game (mean and SE)] as a function of Ranking group and Season Condition. Data are presented as means 
and standard deviations. TD: Total Distance; THID: Total high intensity running distance; TS: Total number of 
sprints; TSD: Total sprint distance; R: Ranking; Teams: Beşiktaş (B); Fenerbahçe (F); Konyasport (Ko); Başakşehir 
(Ba); Osmanlıspor (O); Galatasaray (G); Kasımpaşa (K); Akhisar (A); Antalyaspor (An); Gençlerbirliği (Ge); 
Bursaspor (Bu); Trabzonspor (T); Rizespor (R); Gaziantepspor (Ga); Kayserispor (Ka); Sivasspor (S); Eskişehirspor 
(E); Mersin İY (M); Karabükspor (Kar); Alanyaspor (Al); Adanaspor (Ad). Göztepe (Gö). and Malatyaspor (M).

Season 1 Season 2 Season 3

R T
Key pass 
per match

Long pass 
per match

Passes to 
the third 
zone per 
game

Ball loss per 
match T

Key pass 
per match

Long pass 
per match

Passes to 
the third 
zone per 
game

Ball loss per 
match T

Key pass 
per match

Long pass 
per match

Passes to 
the third 
zone per 
game

Ball loss per 
match

Ranking group 1

1 B 3.07 37.65 64.53 96.67 B 2.67 42.43 61.95 95.43 G 2.64 38.6 56.21 96.71

2 F 3.18 39.9 61.89 100.35 Ba 2.59 41.43 58.48 103.23 F 2.75 39.48 58.42 105.01

3 Ko 2.06 44.47 59.79 107.06 F 2.17 38.64 59.63 99.71 Ba 2.23 42.87 62.71 99.05

4 Ba 1.99 38.87 57.65 103.07 G 2.29 38.49 67.72 99.82 B 2.99 41.91 64.02 95.79

5 Os 2.15 42.01 56.37 107.86 An 2.04 39.37 50.77 97.67 T 2.32 37.92 54.59 97.54

6 G 2.71 38.98 65.65 93.24 T 2.32 39.81 57.12 103.57 Gö 2.02 50.05 52.21 99.97

2.53 ± 0.53 40.31 ± 2.50 60.98 ± 3.71 101.38 ± 5.77 2.35 ± 0.24 40.03 ± 1.58 59.28 ± 5.59 99.91 ± 3.15 2.49 ± 0.36 41.81 ± 4.47 58.03 ± 4.62 99.01 ± 3.31

Ranking group 2

7 K 2.17 41.53 59.16 104.76 A 1.71 44.86 47.22 104.82 S 2.47 42.63 55.08 95.98

8 A 1.50 44.63 54.5 112.99 Ge 2.41 42.38 52.97 102.53 K 1.83 39.43 48.74 93.75

9 An 1.81 35.45 53.67 97.13 Ko 1.93 47.01 63.33 103.98 Ka 1.66 43.12 53.08 96.33

10 Ge 1.76 38.92 54.76 104.05 K 1.91 37.68 52.79 93.65 M 1.76 45.99 50.03 93.08

11 Bu 2.03 42.24 59.32 104.26 Kar 1.98 45.17 57.59 107.04 A 1.67 45.66 53.11 99.42

12 T 2.29 59.01 56.5 96.52 Al 2.38 37.02 52.26 101.98 Al 2.57 41.28 49.93 96.03

1.93 ± 0.29 43.63 ± 8.16 56.32 ± 2.44 103.29 ± 6.03 2.05 ± 0.28 42.35 ± 4.15 54.36 ± 5.49 102.33 ± 4.62 1.99 ± 0.41 43.02 2.52 51.66 ± 2.45 95.77 ± 2.24

Ranking group 3

13 R 2.04 36.06 50.16 96.03 O 2.82 41.5 55.98 98.24 Bu 1.62 41.69 52.46 96.12

14 Ga – B 1.91 39.23 53.59 105.78 An 1.89 43.38 56.67 94.46

15 Ka 2.26 35.76 54.18 96.77 Ka 1.99 37.84 50.99 99.99 Ko 1.89 41.17 54.19 95.88

16 S 2.49 44.13 57.99 107.6 R 2.36 43.08 53.33 97.86 O 1.79 39.76 49.97 93.26

17 E 1.71 40.3 53.03 99.74 Ga – – 53.37 – Ge 1.70 45.07 51.09 101.41

18 M 1.22 44.47 55.41 107.25 Ad 1.13 44.19 47.8 101.45 Kar 1.52 44.06 51.29 100.27

1.94 ± 0.50 40.14 ± 4.20 54.15 ± 2.89 101.48 ± 5.60 2.04 ± 0.62 41.17 ± 2.63 52.51 ± 2.80 100.66 ± 3.20 1.74 ± 0.15 42.52 ± 1.99 52.61 ± 2.45 96.90 ± 3.24
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than in Season 2 and 3. Pairwise comparisons showed significant differences between the season 1 and season 2, 
t(17) = 4.38, p = 0.001, d = 1.59, and between the season 1 and season 3, t(17) = 6.97, p = 0.001, d = 2.24. Also, the 
comparison between season 2 and season 3, showed significant differences, t(17) = 2.65, p = 0.01, d = 0.78. The 
main effect of Group Condition and the interaction between ranking group and Season were not significant, F 
(2.4) = 3.33, p = 0.14, η2 = 0.62, and, F < 1, respectively. (Fig. 20). Technical data of the player during the match 
[Ball win per match. Number of meetings with the ball in the inner hallway. Average goals per game and Total 
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Figure 17.   Technical performance. Mean mean ball win per match (± SE) as a funtion of Ranking and Season 
Condition.
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goal scored from standing balls (mean and SE)] as a function of ranking group and season condition are shown 
Table 4.

Continuing with the same analysis of present work, a two-way mixed ANOVA with ranking group means 
total goal from a corner, revealed a significant main effect of season condition, F (2.4) = 4.51, p = 0.001, η2 = 0.49. 
However, main effect of ranking group condition, F (2.4) = 1.27, p = 0.37, η2 = 0.38, and interaction between 
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Figure 19.   Technical performance. Mean average goals per match (± SE) as a funtion of Ranking and Season 
Condition.
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ranking group and season condition, F (2.4) = 2.33, p = 0.07, η2 = 0.17, were not significant (Fig. 21). In a refer-
ence to main effect of season condition, pairwise comparisons not showed significant differences between the 
season 1 and season 2, t(17) = 0.00, p = 1, d = 0. However, data revealed significant differences between the season 
1 and season 3, and between season 2 and 3, t(17) = 2.54, p = 0.02, d = 0.82, and (17) = 2.62, p = 0.01, d = 0.83, 
respectively. Another two-way mixed ANOVA with ranking group means freekick goal scored did not reveal 
any effect or interaction significative, thus, the main effect of season condition, the interaction between rank-
ing group and season and the ranking group showed: F < 1, (2.4) = 2.96, p = 0.07, η2 = 0.46, and F (2.4) = 1.67, 
p = 0.17, η2 = 0.12, F < 1, respectively. (Fig. 22). In this respect, a new two-way mixed ANOVA with ranking group 
means penalty scored did not showed significant main effects of ranking group condition, F < 1, and in neither 
in the season condition, F (2.4) = 4.00, p = 0.06, η2 = 0.29. However, data revealed an interaction between rank-
ing group and season, F (2.4) = 3.53, p = 0.01, η2 = 0.23. (Fig. 23). Last, a two-way mixed ANOVA with ranking 
group means freekick goal scored from throw-in showed not significant differences in main effect of ranking 
group condition, (2.4) = 4.00, p = 0.11, η2 = 0.66, and neither in the season condition and the interaction between 
ranking group and season, F < 1. Technical data of the player during the match [Goal from a corner. Freekick 
goal scored. Penalty scored and Goal scored from throw-in (mean and SE)] as a function of ranking group and 
season condition are shown Table 5.

Finally, another two-way mixed ANOVA with ranking group means cross the ball %, revealed a significant 
main effect of season condition, F (2.4) = 11.31, p = 0.001, η2 = 0.83. In season 1 and 3 the values were higher than 
in Season 2. Pairwise comparisons showed significant differences between the season 1 and season 2, t(17) = 3.94, 
p = 0.001, d = 1.33, and, between season 2 and season 3, t(17) = − 3.78, p = 0.001, d = 0.16. In this line, comparison 
between season 1 and 3 did not reveal significant differences, t(17) = 0.53 p = 0.59, d = − 1.21. The main effect of 
ranking group condition and the interaction between ranking group and season condition were not significant, 
F (2.4) = 1.33, p = 0.35, η2 = 0.40, and F (2.4) = 1.12, p = 0.35, η2 = 0.09 (Fig. 24). Another two-way mixed ANOVA 
with ranking group means dribbles per match revealed a significant main effect of ranking group condition, F 

Table 4.   Technical data of the player during the match [Ball win per match. Number of meeting with the ball 
in the inner hallway. Average goals per game and Total goal scored from standing balls (mean and SE)] as a 
function of Ranking group and Season Condition. Data are presented as means and standard deviations. TD: 
Total Distance; THID: Total high intensity running distance; TS: Total number of sprints; TSD: Total sprint 
distance; R: Ranking; Teams: Beşiktaş (B); Fenerbahçe (F); Konyasport (Ko); Başakşehir (Ba); Osmanlıspor 
(O); Galatasaray (G); Kasımpaşa (K); Akhisar (A); Antalyaspor (An); Gençlerbirliği (Ge); Bursaspor (Bu); 
Trabzonspor (T); Rizespor (R); Gaziantepspor (Ga); Kayserispor (Ka); Sivasspor (S); Eskişehirspor (E); Mersin 
İY (M); Karabükspor (Kar); Alanyaspor (Al); Adanaspor (Ad). Göztepe (Gö). and Malatyaspor (M).

Season 1 Season 2 Season 3

R T
Ball win per 
match

N. of meetings 
with the ball in 
the inner hallway

Average 
goals per 
game

Total goal 
scored 
from 
standing 
balls T

Ball win per 
match

N. of meetings 
with the ball 
in the inner 
hallway

Average 
goals per 
game

Total goal 
scored 
from 
standing 
balls T

Ball win 
per match

N. of meetings 
with the ball 
in the inner 
hallway

Average 
goals per 
game

Total goal 
scored 
from 
standing 
balls

Ranking group 1

1 B 61.88 1650 2.35 8 B 95.6765 1848 2.14 3 G 96.71 1729 2.06 4

2 F 67.38 1514 1.75 10 Ba 100.5882 1661 1.85 7 F 105.01 1634 2.13 5

3 Ko 73.88 1514 1.29 8 F 101 1362 1.81 2 Ba 99.05 1298 1.71 1

4 Ba 71.68 1610 1.63 15 G 100.2647 2136 1.91 5 B 95.79 2111 1.89 6

5 Os 72.24 1357 1.53 6 An 108.6471 1449 1.37 6 T 97.54 1539 1.72 3

6 G 57.26 1990 2.03 10 T 102.7353 1778 1.18 5 Gö 99.97 1767 1.34 3

67.39 ± 6.59 1605.83 ± 213.70 1.76 ± 0.38 9.50 ± 3.08 101.49 ± 4.22 1705.67 ± 281.66 1.71 ± 0.36 4.67 ± 1.86 99.01 ± 3.31 1679.67 ± 269.69 1.81 ± 0.29 3.67 ± 1.75

Ranking group 2

7 K 61.18 1288 1.46 4 A 101.4706 1161 1.41 3 S 95.98 1116 1.23 5

8 A 67.82 1228 1.23 5 Ge 101.6471 1231 0.97 4 K 93.75 1301 1.56 3

9 An 59.88 1313 1.55 8 Ko 98.6176 1679 1.17 3 Ka 96.33 1589 1.2 1

10 Ge 57.06 1175 1.23 9 K 100.9118 1573 1.36 5 M 93.08 1603 1.05 5

11 Bu 58.85 1506 1.38 5 Kar 108.1765 1504 1.16 5 A 99.42 1587 1.21 1

12 T 56.09 1556 1.17 9 Al 107.2059 1353 1.69 3 Al 96.03 1386 1.51 0

60.15 ± 4.19 1344.33 ± 153.17 1.34 ± 0.15 6.67 ± 2.25 103.00 ± 3.80 1416.83 ± 202.37 1.29 ± 0.25 3.83 ± 0.98 95.77 ± 2.24 1430.33 ± 198.51 1.29 ± 0.20 2.50 ± 2.17

Ranking group 3

13 R 60.68 1130 1.17 6 O 113.6176 1650 1.09 3 Bu 96.12 1987 1.18 5

14 Ga 64.97 1206 6 B 97.7059 1490 1.03 3 An 94.46 1345 1.1 0

15 Ka 58.76 1220 0.73 7 Ka 103.8235 1584 1.41 6 Ko 95.88 1565 1.04 1

16 S 64.59 1195 1.03 5 R 104.9118 1303 1.38 4 O 93.26 1678 1.35 4

17 E 57.5 1285 1.13 6 Ga 109.5588 1347 – 9 Ge 101.41 1456 1.02 3

18 M 63.85 1207 0.94 8 Ad 103.2353 1696 0.96 3 Kar 100.27 1804 0.55 3

61.73 ± 3.19 1207.17 ± 49.65 1.00 ± 0.18 6.33 ± 1.03 105.48 ± 5.50 1511.67 ± 160.92 1.17 ± 0.21 4.67 ± 2.42 96.90 ± 3.24 1639.17 ± 234.63 1.04 ± 0.27 2.67 ± 1.86
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Figure 21.   Technical performance. Mean total goal forma a corner (± SE) as a funtion of Ranking and Season 
Condition.
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(2.4) = 11.74, p = 0.02, η2 = 0.85. Data of ranking group 1 were higher than in ranking group 2 and 3. Pairwise 
comparisons did not show significant differences between ranking group 1 and ranking group 2, t(17) = 3.15, 
p = 0.006, d = 0.39, neither comparison between ranking group 1 and ranking group 3, t(17) = 0.90, p = 37, d = 0.25, 
and, ranking group 2 and ranking group 3, t(17) =  − 0.52, p = − 0.60, d = − 0.19. In addition, data revealed a 
significant main effect of season condition, F (2.4) = 5.57, p = 0.006, η2 = 0.97. Data of season 1 were higher than 
in season 3. Pairwise comparisons showed significant differences between season 1 and season 3, t(17) = 3.15, 
p = 0.006, d = 0.29, Comparison between season 1 and 2, and, season 2 and 3, was not significant, t(17) =  − 1.77, 
p = 0.09, d = 0.41, and, t(17) = 0.53, p = 0.59, d = 0.10, respectively. The interaction between ranking group and 
season condition were not significant, F < 1 in both cases (Fig. 25). Lastly, a two-way mixed ANOVA with ranking 
group means successful dribbles per match percentage, revealed a significant main effect of season condition, 
F (2.4) = 13.03, p = 0.001, η2 = 0.96. In. fact, data of season 1 were higher than in Season 2 and 3. Pairwise com-
parisons showed significant differences between the season 1 and season 2, t(17) = 5.25, p = 0.001, d = 1.68, and, 
between the season 1 and season 3, t(17) = 4.17, p = 0.001, d = 1.52. In addition, comparison between season 2 and 
3, did not reveal significant differences, t(17) = 0.01, p = 0.98, d = 0.004. The main effect of ranking group condi-
tion, F (2.4) = 3.44, p = 0.13, η2 = 0.63, and the interaction between ranking group and season were not significant, 
F < 1 in both cases (Fig. 26). Technical data of the player during the match [Cross the ball%. Dribbling per match 
and dribbling per match % (mean and SE)] as a function of ranking group and season condition are Table 6.

Discussion
This study aimed to analyze the seasonal variations in the physical and technical demands of Turkish Super 
League teams considering the teams’ statuses (i.e., whether they were in the first, second, or third groups in 
the league) in the final rankings over three consecutive seasons. The large database and the absence of previous 
studies regarding the Turkish Super League are the main strengths of the current study.

Our results did not indicate an evolutionary trend in physical demands over consecutive seasons, and differ-
ently ranked teams presented similar physical responses. On the other hand, evolutionary trends were observed 
concerning technical variables. Specifically, the number of lost balls, ball touches in the central corridor, and 
goals from set pieces increased from season one to the others, while the number of successful dribbles reduced 
over time. Finally, rank-based differences were observed in technical parameters. Top teams presented a higher 
percentage of successful passes, longer ball possession, more passes per minute, more key passes, and more passes 
to the pitch’s final third (the pitch zone closest to the opponent’s goal).

We did not find an evolutionary tendency in players’ physical responses over seasons. While some previous 
studies found an increase in high-intensity running and sprinting demands over consecutive seasons in the Eng-
lish Premier League12,21, the Spanish La Liga22, and in the Chinese Super League23, others reported few changes 
in physical parameters over consecutive seasons24. Interestingly, the studies that showed differences include data 
from seasons played up until 2013, while the most recent study24 (including the current database) showed no 
increases in physical performance over the years. In the study in the Chinese Super League23, more prominent 
differences were observed when the latest monitored seasons (2017 and 2013) were compared. For this reason, 
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we argue that although evolutions in physical performance were achieved at the beginning of the decade, similar 
evolutions might not be observed in current matchs. Therefore, technological and theoretical advances (such as 
the availability of load management tools like GPS devices) that have occurred in recent years have enhanced 
players’ training and increased match-related physical performance but are not able to go further. As previous 
studies focused mainly on top leagues, such as the Premier League12,21 and La Liga24, specific characteristics of the 
Turkish national league as an emergent competition might be taken into account to interpret the current results.

Although the physical performance did not evolve over the years, changes in technical performance were 
observed. The teams tended to get better at maintaining ball possession and finding goal-scoring opportunities 
because the number of lost balls decreased and the ability to keep the possession in the central corridor increased. 
The literature shows that passing performance increases over the years in top11,21,25 and emergent23 national 
soccer leagues. The successful Pep’s Barcelona influenced coaches across the world with their ball-possession-
based offensive strategy26, which might explain the evolutionary tendency of increases in the number of passes 
and passing accuracy.

Interestingly, this tendency was also observed when comparing groups against each other, with top-ranked 
teams showing better ball possession, passes per minute, and passing accuracy than bottom-ranked teams. 
The current results regarding differences between top- and bottom-ranked teams are similar to the literature27, 
although the current results must not be understood as a one-size-fits-all recommendation. This is because, in 
the case of the Turkey Super League, adopting a ball-possession offensive strategy appears to be related to suc-
cessful performance. We strongly recommend enlarging the sample and the number of countries investigated 

Table 5.   Technical data of the player during the match [Goal from a corner. Freekick goal scored. Penalty 
scored and Goal scored from throw-in (mean and SE)] as a function of Ranking group and Season Condition. 
Data are presented as means and standard deviations. TD: Total Distance; THID: Total high intensity running 
distance; TS: Total number of sprints; TSD: Total sprint distance; R: Ranking; Teams: Beşiktaş (B); Fenerbahçe 
(F); Konyasport (Ko); Başakşehir (Ba); Osmanlıspor (O); Galatasaray (G); Kasımpaşa (K); Akhisar (A); 
Antalyaspor (An); Gençlerbirliği (Ge); Bursaspor (Bu); Trabzonspor (T); Rizespor (R); Gaziantepspor (Ga); 
Kayserispor (Ka); Sivasspor (S); Eskişehirspor (E); Mersin İY (M); Karabükspor (Kar); Alanyaspor (Al); 
Adanaspor (Ad). Göztepe (Gö). and Malatyaspor (M).

Season 1 Season 2 Season 3

R T
Goal from 
a corner

Freekick 
goal 
scored

Penalty 
scored

Goal 
scored 
from
throw-in T

Goal from 
a corner

Freekick 
goal 
scored

Penalty 
scored

Goal 
scored 
from 
throw-in T

Goal from 
a corner

Freekick 
goal 
scored

Penalty 
scored

Goal 
scored 
from 
throw-in

Ranking group 1

1 B 4 3 3 0.00 B 2 0 2 0.00 G 0 1 4 0.00

2 F 3 3 6 0.00 Ba 4 1 4 0.00 F 1 2 7 0.00

3 Ko 4 2 3 1.00 F 2 1 5 1.00 Ba 1 0 3 0.00

4 Ba 7 1 5 0.00 G 3 2 4 0.00 B 2 0 4 0.00

5 Os 4 0 1 0.00 An 5 1 0 0.00 T 1 1 6 0.00

6 G 4 1 9 0.00 T 4 3 2 0.00 Gö 3 1 8 0.00

4.33 ± 1.37 1.67 ± 1.21 4.50 ± 2.81 0.17 ± 0.41 3.33 ± 1.21 1.33 ± 1.03 2.83 ± 1.83 0.17 ± 0.41 1.33 ± 1.03 0.83 ± 0.75 5.33 ± 1.97 0.00 ± 0.00

Ranking group 2

7 K 1 1 1 0.00 A 1 1 3 0.00 S 1 1 4 0.00

8 A 2 1 1 0.00 Ge 2 2 7 0.00 K 2 3 5 0.00

9 An 3 0 4 0.00 Ko 0 3 3 0.00 Ka 3 1 4 0.00

10 Ge 4 0 4 0.00 K 4 1 1 0.00 M 1 1 4 0.00

11 Bu 2 0 2 0.00 Kar 4 1 8 0.00 A 1 0 6 0.00

12 T 1 1 4 0.00 Al 2 1 9 0.00 Al 1 0 6 0.00

2.17 ± 1.17 0.50 ± 0.55 2.67 ± 1.51 0.00 ± 0.00 2.17 ± 1.60 1.50 ± 0.84 5.17 ± 3.25 0.00 ± 0.00 1.50 ± 0.84 1.00 ± 1.10 4.83 ± 0.98 0.00 ± 0.00

Ranking group 3

13 R 2 0 3 0.00 O 2 2 6 0.00 Bu 2 0 3 0.00

14 Ga 2 1 2 0.00 B 2 0 5 0.00 An 0 1 3 0.00

15 Ka 3 2 3 0.00 Ka 5 4 11 0.00 Ko 4 3 6 0.00

16 S 3 0 2 0.00 R 6 2 5 0.00 O 2 1 7 0.00

17 E 0 2 5 0.00 Ga 3 3 6 0.00 Ge 3 2 2 0.00

18 M 4 0 3 0.00 Ad 2 4 8 0.00 Kar 4 2 4 0.00

2.33 ± 1.37 0.83 ± 0.98 3.00 ± 1.10 0.00 ± 0.00 3.33 ± 1.75 2.50 ± 1.52 6.83 ± 2.32 0.00 ± 0.00 2.50 ± 1.52 1.50 ± 1.05 4.17 ± 1.94 0.00 ± 0.00
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Figure 24.   Technical performance. Mean cross the ball percentage (± SE) as a funtion of Ranking and Season 
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Season Condition.

Table 6.   Technical data of the player during the match [Cross the ball%. Dribbling per match and Dribbling 
per match % (mean and SE)] as a function of Ranking group and Season Condition. R: Ranking; Teams: 
Beşiktaş (B); Fenerbahçe (F); Konyasport (Ko); Başakşehir (Ba); Osmanlıspor (O); Galatasaray (G); Kasımpaşa 
(K); Akhisar (A); Antalyaspor (An); Gençlerbirliği (Ge); Bursaspor (Bu); Trabzonspor (T); Rizespor (R); 
Gaziantepspor (Ga); Kayserispor (Ka); Sivasspor (S); Eskişehirspor (E); Mersin İY (M); Karabükspor (Kar); 
Alanyaspor (Al); Adanaspor (Ad). Göztepe (Gö). and Malatyaspor (M).

Season 1 Season 2 Season 3

R T
Cross the 
ball %

Dribling per 
match

Dribling per 
match % T

Goal scored 
from throw-in

Cross the 
ball %

Dribling per 
match T

Goal scored from 
throw-in

Cross the 
ball %

Dribling per 
match

Ranking group 1

1 B 29.5 35.74 76.36 B 29.49 29.49 73.13 G 30.39 26.66 69.04

2 F 33.69 35.55 71.29 Ba 22.96 22.96 63.76 F 34.06 26.08 72.31

3 Ko 29.92 23.38 68.3 F 30.52 30.52 66.6 Ba 31.81 24.76 68

4 Ba 28.48 29.94 71.47 G 28.32 28.32 69.67 B 35.29 31.57 73.76

5 Os 31.55 35.48 72.47 An 23.97 23.97 67.88 T 34.74 24.54 65.7

6 G 31.38 26.91 73.19 T 27.11 27.11 65.07 Gö 31.47 24.15 62.33

30.75 ± 1.85 31.17 ± 5.27 72.18 ± 2.64 27.06 ± 3.03 27.06 ± 3.03 67.69 ± 1.20 32.06 ± 2.00 26.29 ± 2.76 68.52 ± 4.21

Ranking group 2

7 K 31.87 32.3 71.53 A 20.39 20.39 68.47 S 31.09 20.39 66.28

8 A 33.33 24.34 70.93 Ge 30.35 30.35 67.44 K 33.07 30.35 64.25

9 An 30.5 30.43 71.4 Ko 18.18 18.18 65.65 Ka 27.79 18.18 65.37

10 Ge 29.62 28.13 69.7 K 25.95 25.95 67.54 M 27.45 25.95 68.36

11 Bu 34.42 25.21 69.66 Kar 26.05 26.05 67.52 A 28.63 26.05 65.88

12 T 30.86 30.36 71.95 Al 33.22 33.22 69.22 Al 34 33.22 71.04

31.77 ± 1.82 28.46 ± 3.16 70.86 ± 0.97 25.69 ± 5.71 25.69 ± 5.71 67.64 ± 1.20 30.34 ± 2.80 25.69 ± 5.71 66.86 ± 2.45

Ranking group 3

13 R 35.12 23.7 71.52 O 31.91 31.91 69.85 Bu 26.74 31.91 68.11

14 Ga – – – B 25.36 25.36 67.74 An 31.32 25.36 66.28

15 Ka 25.51 33.01 70.72 Ka 27.15 27.15 69.18 Ko 27.43 27.15 69.41

16 S 33.52 31.76 74.16 R 25.67 25.67 64.63 O 26.03 25.67 68.04

17 E 26.98 32.18 71.17 Ga – – – Ge 25.99 - 67.99

18 M 30.75 26.67 66.86 Ad 22.24 22.24 67.58 Kar 32.33 22.24 66.52

30.38 ± 4.12 29.46 ± 4.07 70.89 ± 2.62 26.47 ± 3.53 26.47 ± 3.53 67.80 ± 2.01 28.31 ± 2.79 25.68 ± 2.25 67.73 ± 1.16
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to support such an assumption. On the other hand, we did not find any group-specific evolutions as Bradley 
et al.11 did. This finding suggests that evolutionary tendencies were similar across groups and that group-related 
differences in game style are likely to be stable over several years.

The current study has some limitations. First, data were collected from only three consecutive seasons. Future 
studies are recommended to enlarge the database. Such studies might be more suitable for detecting evolution-
ary trends in match-related variables. Also, we were not able to account for the tactical aspects of the game 
because it was not possible to include tactical-related variables based on the available data. As previous studies 
showed differences in tactical performance over the years28, we recommend future studies to include positional 
and observational data related to players’ and teams’ tactical performances to better understand evolutionary 
tendencies in match-related performances in elite soccer.

From a practical point of view, coaches and clubs might benefit from the information obtained in this study 
in two points. Firstly, the ball-possession strategy tendency observed in the Turkish League seems to indicate 
that players’ training should be adapted to the new requirements of the game. At this point, including game-
based possession drills (such as the well-known "rondos") seems interesting to allow the players to adapt to the 
game flow and requirements. Secondly, as an evolutionary trend was observed, clubs and coaches should always 
account for the possible changes experienced in the game. To enhance the training specificity to the requirements 
of the constantly evolved game, investing in match analysis departments seems mandatory. By this, clubs will 
get up-to-date information that will allow them to adapt training programs and enchance the players’ develop-
ment constantly.

Conclusions
In summary, our findings did not show an evolutionary trend in physical demands in consecutive seasons, and 
the teams that were ranked differently gave similar physical responses. On the other hand, evolutionary trends 
regarding technical variables were observed. Specifically, the numbers of lost balls, ball touches to the middle 
lane, and goals from sets increased from one season to the next, while the number of successful dribbles decreased 
over time. Finally, sequence-based differences were observed in technical parameters. The top teams were better 
in terms of successful pass percentage, ball possession, passes per minute, and passes to the last third of the pitch.

Data availability
The datasets generated during and analyzed during the current study are available from the corresponding author 
on reasonable request.
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