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Abstract
Background 
and Study Aim

The aim of the study is the determination of flexibility and mobility levels (norm values) for female physical 
education students and analyses of the motor asymmetry.

Material and 
Methods

In the study, 10 female physical education and sport students whose mean body weight was 59.3 kg and 
body height were 167.7 centimeters were included. Flexibility and mobility performance was measured 
by using tests such as a Forward-Backward Split (FBS0), Leg Raise forward (LRF0), Leg Raise Sideward (LRS0), 
Side Spit (SS0), Arm-Trunk Angle (AT0), Seat and reach hip angle degree (SRHA0). Data analysis in the study 
was made by using the IBM SPSS statistics 26 program. To handle the results of the study, the Independent-
samples T-test and percentile(s) statistics were used. Norm values were given in four categories (20th, 40th, 
60th, 80th) and middle fifty (50th). Calculation of the angle degrees was made by using the Kinovea-0.9.4-x64.
exe program. 

Results The findings have shown that the forward-backward split and leg raise forward angle degree when the 
right leg was ahead is significantly higher (better flexibility) than the forward-backward split and leg raise 
forward angle degree when the left leg was ahead (p<0.05). However, differences in the leg raise sideward 
angle degree in the right and left leg were not statistically significant (p>0.05). 

Conclusions The study determined the level (norm values) of flexibility and mobility of female physical education 
students. The right leg flexibility and mobility level resulted to be significantly higher in comparison to 
the left leg.

Keywords: range of motion, functional skills, coaching, sport science students, norm values.

Introduction1

The learning process in sport science is characterized 
by the demonstration of the elements by a coach, sports 
instructor, or teacher. Therefore, in the learning process 
in sports science, especially when technological tools 
are insufficient, practical teaching methods are also 
needed besides theoretical methods. Therefore, students 
should strengthen their motivation for independent 
motor activity [1-3]. The practical skills required for 
sports instructors may differ based on sport branches, 
exercise type, and needs of the sport’s practitioners. All 
theoretical and practical skills are divided into different 
categories, and most of them can be learned in sport 
science institutions. In this respect, to raise the quality of 
the coaches, sports instructors, teacher, etc., it’s in need 
to determine physical level required to guarantee success 
in the teaching process of each sport and exercises. Also, 
the individual level of every student’s physical fitness 
should be taken into account when lesson programs are 
prepared [4-6].

Because the coaches do not execute movements with 
maximal effort when they teach athletes, a high level 
of power, speed, endurance, etc. may not be required. 
However, to demonstrate/imitate any element and show 
sequence, it may require an efficient level of range of 
motion (ROM), which is provided by flexibility (muscle’s 
ability to stretch) and mobility (actively moving through a 
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range of motions) [7, 8]. Therefore, evaluation criteria of 
each lesson in physical education and sport science faculty 
should include needed physical preparation for being a 
coach. To clarify it, a certain percentage of the successful 
evaluation of students may be based on practical skills. 
For the physical education and sport students’ full 
assessment, it is necessary to analyze the parameters of 
the functional condition of the body [9-11]. To provide 
a qualitative evaluation, firstly, the norm values must be 
determined for flexibility and mobility in sport science 
students. Heretofore, there is a lack of literature that 
determines the level (norm values which are supposed to 
be used in the evaluation process of students) of flexibility 
and mobility of sport science students. All these values 
can be found in the literature as norm values for the seat 
and reach test. This test is in use since 1988 as a part of 
EURO-FIT and some modified versions of seat and reach 
test [12-14], the test whose validity and reliability are 
debatable. Although the validity and reliability of the test 
are sufficient, flexibility and mobility of the body should 
be measured in more than one body joint [15, 16]. The 
reliability and validity of the instruments used to measure 
flexibility and mobility are also debatable, and all these 
should be updated and replaced by new methods and 
instruments.  

In the light of this information, the aim of the study 
is the determination of flexibility and mobility levels 
(norm values) for female physical education students and 
lateralization analysis. Besides this, the study aims to 
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determine flexibility and mobility level in all main body 
joints by using new methods and instruments which can 
be seen in the methodology part.

Material and Methods
Participants 
In the study, 10 female physical education and sport 

students whose mean body height was 59.3 kg and body 
height were 167.7 centimetres were included. The students 
included in the study and parents were informed about 
the benefits and risks (even there is no risk detected) of 
the study. The study was made according to the Helsinki 
Declaration which protects the privacy of the volunteers. 
The study was approved by the ethics committee of 
“Istanbul Gelisim University”.

Tests included in the study.
Forward-Backward Split (FBS0): The test’s main 

aim is to measure the active flexibility of the lower 
limbs and hips muscles such as iliopsoas (psoas major, 
iliacus), quadriceps femoris group (rectus femoris, vastus 
lateralis, vastus medialis, sartorius), and hamstrings 
(biceps femoris, semitendinosus, semimembranosus etc.) 
[17]. The angle reference point was the hips (greater 
trochanter) and the angle line was put across the legs to 
the ankle (lateral malleolus). In exceptional situations 
(if the athlete’s knee was not straight), the angle tool’s 
reference point was the thigh plane to the knee. The test 
was applied on two sides: right leg forward position, and 
left leg forward position. Calculation of the angle degrees 
was made by using the Kinovea-0.9.4-x64.exe program. 
The results had recorded us a different variable for the 
left and right leg and the results were given in degrees 
[15, 16].

Leg Raise forward (LRF0): The test’s main aim is to 
measure the mobility (the ability of the athlete to apply 
movements from a wide-angle and in different directions 
as far as the joints allow) of  the lower limbs flexor 
muscles such as an iliopsoas, pectineus, rectus femoris, 
sartorius, adductor longus, tensor fasciae latae, etc., [17]. 
The reference of the measurement, where the angle was 
based on, was the hips (greater trochanter). The angle 
line was put across the raised leg to the ankles (lateral 
malleolus) and the angle’s other line was put across the 
upper body exactly on the vertical line on the coronal 
plane (frontal plane). Calculation of the angle degrees was 
made by using the Kinovea-0.9.4-x64.exe program. The 
results of the test were determined by the angle degree 
between raised leg and upper body [15, 16]. 

Leg Raise Sideward (LRS0): The test’s main aim is to 
measure the mobility (the ability of the athlete to apply 
movements from a wide-angle and in different directions 
as far as the joints allow) of the lower limbs abductor 
muscles such as gluteus medius, gluteus minimums, tensor 
fascia lata, gluteus maximus, etc. [17]. The reference of 
the measurement was the angle based on was the coccyx 
(tailbone). The angle line was put across the raised leg to 
the ankles (lateral malleolus) and the angle’s other line 
was put across the upper body exactly on the vertical line 

on the sagittal plane. Calculation of the angle degrees was 
made by using the Kinovea-0.9.4-x64.exe program. The 
results of the test were determined by the angle degrees 
between raised leg and upper body [15, 16]. 

Side Spit (SS0): The test’s main aim is to measure 
the active flexibility of the lower limbs adductors such 
as  pectineus, gracilis, adductor brevis, adductor longus, 
adductor magnus, etc. [16]. The angle reference point was 
the coccyx bone and the angle line was put across the legs 
to the ankle (lateral malleolus). Calculation of the angle 
degrees was made by using the Kinovea-0.9.4-x64.exe 
program. The results were given in degrees [15, 16].

Arm-Trunk Angle (AT0): The test’s main aim is 
to measure the active flexibility and mobility of the 
shoulders and upper limbs muscles such as triceps 
brachii, posterior deltoid, teres minor, teres major, 
latissimus dorsi pectorals abdominal and sternocostal 
part, etc. [17]. The angle reference point was the upper 
limit of middle axillary line (biacromial elevation level) 
and the angle line was put across the hand joint (styloid 
process of ulna) and hips (greater trochanter). Calculation 
of the angle degrees was made by using the Kinovea-
0.9.4-x64.exe program. The results had recorded us 
an angle given between the trunk and raised arms [15, 
16]. The test was applied in two body planes which are 
evaluated as different variables: ATA0SHF: Arm-Trunk 
Angle (shoulder flexion), and ATA0SHE: Arm-Trunk 
Angle (shoulder extension). 

Hip active flexibility (modified seat and reach test: 
seat and reach hip angle degree SRHA0)

Hip passive flexibility was measured by using the 
modified sit and reach test. The test application was made 
by following the instructions of the seat reach test [13, 14]. 
Instead of using the seat and reach the box, measurements 
were made by using Kinovea-0.9.4-x64.exe program 
(Kinovea, 2021). Instead of measuring the reach distance, 
during the test hip angle degree was measured (as the 
center of angle were determined greater trochanter, first-
line were from greater trochanter to acromion and second 
line from the greater trochanter to the lateral epicondyle 
of the femur), and clinical hip angle degree (as the center 
of the angle, lumbar spine, the first line of angle starts 
from lumbar spine (L5) across the lumbar spine (L1) to 
thoracic spine, and second-line starts from the lumbar 
spine (L5) to the lateral epicondyle of the femur were 
determined) [17]. 

Statistical analysis
Data analysis in the study was made by using the 

IBM SPSS statistics 26 program. The normality of the 
data was tested by the skewness and kurtosis analysis. 
Based on the normality of the data, differences between 
two independent variables were calculated by using the 
Independent-samples T-test analysis. Determination of 
the level (norm values) of flexibility and mobility, and 
percentile(s) statistics were used. Norm values were given 
in four categories (20th, 40th, 60th, 80th) and middle fifty 
(50th). 
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Results
The findings given in Table 1 show that the FBS angle 

degree when the right leg was ahead was significantly 
higher (better flexibility) than the FBS angle degree when 
the left leg was ahead (p<0.05). In addition, the LRF 
angle degree resulted to be significantly lower in the right 
leg in comparison to the left leg (p<0.05), which means 
better flexibility and mobility expressed in the right leg. 
Differences in LRS angle degree in the right and left leg 
were not statistically significant (p>0.05), nevertheless 
the angle degree average of the right leg was lower than 
the average of the left leg, which means that flexibility 
and mobility of the right leg are higher in comparison to 
the left leg.

As figures 1-4 show, table 2 determines the level 
(norm values) of FBS0 and LRF0 for the right and left 
leg. Norm values were given in four categories (20th, 
40th, 60th, 80th) and middle fifty (50th). Based on the 
skewness and kurtosis values, all variables seem to be 
normal (mesocortical).

Figures 1-4 represent the flexibility and mobility levels 

of female physical education and sport science students, 
where the asymmetry level is determined based on data 
in table 2.

As figures 5-7 show, table 3 determines the level 
(norm values) of SS, and LRS0 for the right and left 
leg. Norm values were given in four categories (20th, 
40th, 60th, 80th) and middle fifty (50th). Based on the 
skewness and kurtosis values, all variables seem to be 
normal (mesocortical).

Figures 5-7 represent the flexibility and mobility 
levels of female physical education and sport students, 
where the asymmetry level is determined based on data in 
table 3. In addition, the SS test (figure 5) helps to compare 
differences between flexibility and mobility levels in the 
same muscle group (differences in SS and LRS tests).

As figures 8-10 show, table 4 determines the level 
(norm values) of AT0 (arm-trunk angle in shoulder flexion 
and extension), and SRT measured in centimeters (SRT), 
and as the angle degree of the hips (SRHA0). Norm 
values were given in four categories (20th, 40th, 60th, 
80th) and middle fifty (50th). Based on the skewness 

Figure 1. Min., Max., and Middle fifty of FBS-RL test              Figure 2. Min., Max., and Middle fifty of FBS-LL test

Figure 3. Min., Max., and Middle fifty of  LRF-RL test                Figure 4. Min., Max., and Middle fifty of LRF-LL test
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Table 1. Flexibility and mobility asymmetry level of the forward-backward split, leg raise forward, leg raise sideward

Variables X̄±SD p

FBS
FBS-RL 139.9±20.2

.007*
FBS-LL 132.9±21.7

LRF
LRF-RL 100.7±12.0

.001*
LRF-LL 109.7±9.8

LRS
LRS-RL 104.2±9.8

.277
LRS-LL 108.0±14.0

P<0.05*; FBS: Forward-Backward Split , LRF: Leg Raise forward, LRS: Leg Raise Sideward, FBS-RL: Forward-Backward 
Split (Right Leg), FBS-LL: Forward-Backward Split (Left Leg), LRF-RL: Leg Raise Forward (Right Leg), LRF-LL: LRS-RL: Leg 
Raise Sideward (Right Leg), LRS-LL: Leg Raise Sideward (Left Leg)

Table 2. Flexibility and mobility level (norm values) of the forward-backward split,  leg raise forward

FBS0 LRF0

FBS-RL FBS-LL LRF-RL LRF-LL

X̄±SD 139.9±20.2 132.9±21.7 100.7±12.0 109.7±9.8

Skew. .495 .829 .018 .649

Kur. -1.297 -.786 -1.970 -.709

Range 53.6 57.7 28.8 26.9

Pe
rc

en
til

es

20th 119.1 115.8 87.3 99.5

40th 130.7 118.0 93.2 104.9

50th* 132.0 124.2 101.4 107.1

60th 145.3 137.0 106.4 110.2

80th 166.7 163.1 114.1 123.4

Skewness: > 1 - positive skew, ± 0 - normal, < - 1 - negative skew; FBS0: Forward-Backward Split, LRF0: Leg Raise forward, 
FBS-RL: Forward-Backward Split (Right Leg), FBS-LL: Forward-Backward Split (Left Leg), LRF-RL: Leg Raise Forward 
(Right Leg), LRF-LL: Leg Raise Forward (Left Leg), 50th*: middle fifty

Figure 5. Min., Max., and Middle fifty of  SS test                  Figure 6. Min., Max., and Middle fifty of LRS-RL test
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Table 3. Flexibility and mobility level (norm values) of side split,  leg raise sideward

SS
LRS0

LRS-RL LRS-LL

X̄±SD 139.2±12.25 104.2±9.8 108.0±14.0

Skew. -.315 .141 -.675

Kur. -1.622 -2.147 -.645

Range 31.4 22.9 38.3

Pe
rc

en
til

es

20th 123.6 94.0 88.1

40th 134.3 96.3 110.2

50th* 143.0 103.4 110.7

60th 146.9 109.9 111.1

80th 152.3 116.0 123.1

Skewness: > 1 - positive skew, ± 0 - normal, < - 1 - negative skew; SS: Side Split, LRS0: Leg Raise Sideward, LRS-RL: Leg 
Raise Sideward (Right Leg), LRS-LL: Leg Raise Sideward (Left Leg), 50th*: middle fifty

Table 4. Flexibility and mobility level (norm values) of arm-trunk angle, seat and reach test variations

AT0 SRT

ATA0SHF ATA0SHE SRHA0 SRT cm

X̄±SD 147.0±19.3 117.8±10.5 41.8±11.5 13.9±7.1

Skew. .695 .036 1.240 .205

Kur. -1.412 -.113 -.043 -1.173

Range 49.7 38.1 29.2 20.9

Pe
rc

en
til

es

20th 133.5 105.9 34.0 34.0

40th 135.8 115.6 34.6 34.6

50th* 136.2 117.4 34.9 34.9

60th 144.6 119.6 38.7 38.7

80th 173.8 128.1 59.2 59.2
Skewness: > 1 - positive skew, ± 0 - normal, < - 1 - negative skew; AT0: Arm-Trunk Angle, ATA0SHF: Arm-Trunk Angle 
(shoulder flexion), ATA0SHE: Arm-Trunk Angle (shoulder extension), SRT: Seat and Reach Test, SRHA0: Seat and reach 
Hip Angle Degree, 50th*: middle fifty

Figure 7. Min., Max., and Middle fifty of LRS-LL test                Figure 8. Min., Max., and Middle fifty of ATA0SHF test
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Figure 9. Min., Max., and Middle fifty of ATA0SHE test          Figure 10. Min., Max., and Middle fifty of SRHA0 test

and kurtosis values, all variables seem to be normal 
(mesocortical).

In figures 8-10, based on table 4 results minimal, 
maximal, and middle fifty of the ATA0SHF, ATA0SHE, 
and SRHA0 tests were determined.

Discussion
In this study, the level (norm values) of flexibility 

and mobility were determined (see table 2-4) for female 
physical education students and the differences in 
flexibility and mobility were analyzed from a lateralization 
perspective (see table 1).

Based on the first table of the study, as can be seen 
in figures 1 and 2, the forward-backward angle degree 
when the right leg is ahead was significantly higher (better 
flexibility) than the forward-backward angle degree when 
the left leg was ahead. In addition, the figures 3 and 4 
shows the leg raise forward angle degree resulted to 
be significantly lower in the right leg in comparison to 
the left leg, which means better flexibility and mobility 
expressed in the right leg. According to Yin et al., right hip 
torn out angle degree resulted to be higher (600) compared 
to left hip torn out angle degree (590) in adolescent ballet 
dancers. These differences seem to be significant in non-
trained athletes [18]. According to the literature, the 
asymmetry levels are less in trained athletes compared 
to non-trained ones [19-22]. Therefore, improvements 
in flexibility and mobility may reduce the asymmetry 
levels in students. Literature showed that performance 
asymmetries can be altered by intense long-term practice 
[23]. On the other hand, differences in leg raise forward 
angle degree in the right and left leg were not statistically 
significant. Nevertheless, the angle degree average of the 
right leg was lower than the average of the left leg, which 
means that flexibility and mobility of the right leg were 
higher in comparison to the left leg.

In the light of the previous information, based on 

the current motor status of the participants, the levels 
(norm values) of flexibility and mobility of male physical 
education students were determined in tables 2-4. 
Based on the significant asymmetry, norm values were 
determined separately for right and leg hand and leg. The 
norm values were determined to measure flexibility and 
mobility [8, 24] in tests such as forward-backward split, 
leg raise forward, leg raise forward, leg raise sideward, 
side split, arm-trunk angle (shoulder flexion), arm-trunk 
angle (shoulder extension), sit and reach test, seat and 
reach hip angle degree [8, 15, 16]. To see more clearly 
asymmetry differences were given results in tables 2-4 
and figures 1-10 where angle degrees simulations based 
on the table results of the study.

According to the literature, tests included in the study 
have no part of fitness, and functional tests are used to 
measure the performance level of physical education and 
sport students. Besides this, many studies seem to be 
focused on the wellness, and performance of the students, 
but not focused on the skills of the students which may 
improve their coaching performance [1, 9, 25-28]. 
Therefore, not the inclusion of the flexibility and mobility 
tests into test batteries can be considered as a missed 
point of selection tests to measure the performance of the 
physical education and sport science students.

According to the study results and literature, it can be 
concluded that flexibility and mobility play key roles in 
the learning process of the new elements in different sport 
such as gymnastics, dance, ballet, etc. For this reason, 
the independence of the coaches in motor activity may 
improve their coaching performance. In presenting the 
theoretical section of the subject “Physical Culture” to the 
students of the senior courses, it is necessary to strengthen 
their motivation for independent motor activity [1]. To do 
this is necessary to determine the physical and motor level 
[29, 30] of the population who are supposed to use the 
motor skills in the future job, as the physical education 



278

   PHYSICAL 
  EDUCATION 
OF STUDENTS

and sport science students are supposed to use practical 
skills in the coaching process. 

Conclusions 
As a conclusion, forward-backward angle degree 

when the right leg was ahead resulted to be significantly 
higher (better flexibility) than the forward-backward 
angle degree when the left leg was ahead. In addition, the 
leg raises forward angle degree resulted to be significantly 
lower in the right leg in comparison to the left leg, which 
means better flexibility and mobility expressed in the 
right leg. 

According to the previous information, based on the 
current motor status of the participants, the levels (norm 
values) of flexibility and mobility of male physical 
education students were determined. Based on the 
significant asymmetry, norm values were also determined 
separately for right and leg hand and leg.

The literature investigation has shown that the 
flexibility and mobility tests (forward-backward split, leg 
raise forward, leg raise forward, leg raise sideward, side 
split, arm-trunk angle) are not included in the test batteries 
which are in use to measure the physical education and 
sport students’ performance.  Besides this, flexibility 
measurement is also based just on the seat reach test, 
and does not include all body joints where flexibility is 
expressed. 

In the light of previous information, determination 
of norm values of flexibility and mobility by using tests 
such as a forward-backward split, leg raise forward, leg 

raises forward, leg raises sideward, side split, arm-trunk 
angle, may increase the independence in motor activity 
(techniques which require flexibility and mobility during 
execution) of coaches is a key factor to improve coaching 
performance in physical education and sport science 
students and the coaches of the future.

Suggestions 
Determining the norm values for physical fitness 

based on the practical requirements of the coaching in 
certain sport branches.

Updating tests which are in use nowadays to measure 
and evaluate the performance of physical education and 
sport science students (coaches of the future). Besides 
this, updating the measurement tools in use and put in use 
a computer program, which can increase the reliability of 
the tests. 

Studies on physical education and sport science 
students should be focused on the practical needs 
to increase coaching quality, instead of analyzing 
anthropometric and motoric parameters from a health and 
wellbeing perspective.
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