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Abstract  This study is intended to analyze any 
improvement in flexibility, balance, strength (hand, grip, 
arm, torso, leg) and physiological (body weight, body mass 
index, body fat percentage) parameters for elementary 
school children with no background of sport climbing in a 
sport climbing training they attend. The physical and 
physiological parameters of the subjects were measured at 
the outset of the study and at the end of month two. Height 
(H), body weight (W), body mass index (BMI), body fat 
percentage (BFP), Flamingo Balance Test (FBT) for 
balance, Sit and Reach Test (SRT) for flexibility, Standing 
Broad Jump (SBJ) for explosive leg power, Sit-Ups Test 
(SUT) to be performed in 30 seconds for abdominal 
strength, Bent Arm Hang (BAH) test for endurance, hand 
grip strength (HGS) test for grip, and 10 x 5 meter shuttle 
run (SR) tests for sprint speed were conducted as a part of 
preliminary and posttests. The subjects took part in a 
90-minute sport climbing exercise on a daily basis. The 
results of the preliminary and posttests pointed to a 
significant difference of p<.001 in body weight, body mass 
index, balance, flexibility, torso strength, arm strength, grip 
strength and sprint speed, and of p<.005 in body fat 
percentage. There was no significant difference between 
preliminary and post test results of the students who did not 
take part in any sport climbing exercise. In conclusion, 
physical and physiological parameters of students who take 
up sport climbing as early as in an elementary school do 
improve. 
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1. Introduction
Climbing is a sport discipline with both physical and 

physiological requirements [4]. That is why climbers are 

supposed to boast a good physical performance and be 
psychologically set for climbing. Rock climbing has gained 
popularity over the past 15 to 20 years as a both 
recreational physical activity and a competitive sport [15]. 
Rock climbing has become a competitive international 
sport with an annual international World Cup competition 
circuit beginning in 1989 on artificial climbing walls [21]. 
Sport climbing is a mathematical and physical 
problem-solving skill that has no match in any other sport 
discipline. Climbing offers a vertical dimension to the 
combination of body and mind [17]. Certain motor skills 
loom large in many sport disciplines to succeed. Unlike any 
other sports, the performance of sport climbing relies on 
physical, technical and mental elements to an almost equal 
extent. While there are a myriad of physical factors that 
play a role in climbing performance, the most significant 
ones are strength, continuity in strength, flexibility, 
coordination, balance and anthropometric qualities [5]. It 
was a meeting organized at the Department of Sport 
Activities of General Directorate of Sports in Ankara on 
March 29, 2018 when sport climbing was introduced as a 
school-based sport by means of initiatives taken by the 
Turkish Mountaineering Federation [18]. The growing 
global interest in sport climbing has resulted in various 
studies carried out by researchers with focus on this 
discipline. The studies have looked into both 
anthropometric and physiological performance of adult 
athletes and injuries and means of protection. The number 
of studies that analyze physiological qualities of sport 
climbers is exponentially rising. This study seeks to 
identify physiological and strength-based parameters of 
children who begin to take up sport climbing. 

2. Methods
The study analyzes the impact of sport climbing 

training on motor skills of elementary school students. 
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The study included elementary school children (between 
the age of 8 and 10). Ahead of the study, the Physical 
Education Teachers working for the elementary schools 
across the central district of Bitlis were contacted to 
engage in a thorough exchange of information. The study 
included students with no background of being guided for 
any sport or doing any sports in an active fashion. The 
parents of the students were communicated with a "Parent 
Consent Form" to grant their permission to allow their 
children to be part of the study. All the measurements 
were conducted at the Physiology Laboratory of Physical 
Education and Sport Vocational School, Bitlis Eren 
University. Sport climbing training sessions were held at 
the Climbing Gym of the Physical Education and Sport 
Vocational School. The target population of the study 
comprised students who have not previously done any 
regular exercise and delivered a signed "Parent Consent 
Form". It was declared that those failing to deliver a 
signed Parent Consent Form, those suffering from any 
extremity injury over the past 3 months, those with 
hearing or visual impairments, circulatory or respiratory 
disorders, those doing exercise on a regular basis, and 
those failing to show up for the study for 2 consecutive 
times or 3 times in total would be excluded from the study. 
In addition, the participants were informed of the fact that 
they could leave the study at will. Following the selection 
of the participants who managed to meet the requirements, 
28 women and 38 men (n=64) were divided into a control 
group (CG, n=32) and an exercise group (EG, n=32) by 
means of simple random sampling. The initial 
measurements were recorded between 2nd of April and 
6th of April, 2018, and the mean age turned out to be 9.8 
and the mean height 138.8 cm. and the mean weight 34.23 
kg at the time. The participants were made to do a 
15-minute warm-up exercise ahead of any measurement. 
The training program run by the researcher was kicked off 
on 9th of April, 2018. One training session comprised 
warm-ups (10 min.), climbing training (70 min.) and 
cooling down (10 min.). The training sessions took 4 days 
a week for 8 weeks in total. The final measurements were 
conducted after a 10-minute dynamic warm-up on the day 
after the final session of the training program. 

Measurements; Height (H) for body composition, body 
weight (W), body mass index (BMI), body fat percentage 
(BFP), Flamingo Balance Test (FBT) for balance, Sit and 
Reach Test (SRT) for flexibility, Standing Broad Jump 
(SBJ) for explosive leg power, Sit-Ups Test (SUT) to be 
performed in 30 seconds for abdominal strength, Bent 
Arm Hang (BAH) test for endurance, hand grip strength 
(HGS) test for grip, and 10 x 5 meter shuttle run (SR) tests 
for sprint speed were conducted as a part of preliminary 
and posttests. The body composition was measured by 
InBody 270 Body Composition Analyzer that performs 

measurements in line with the same standards for age and 
gender. The device has been previously opted for in many 
scientific studies [20, 10, 8, 14]. The flexibility was 
measured by a standardized sit and reach table (Lafayette 
Instrument Company, Lafayette, IN) as a common method 
to analyze hamstring and torso flexion. The participants 
warm up for 5 minutes and then sit down, with their feet 
flat and leaning onto a panel, and tilt their torso forward 
without bending knees, and try to push the slipping bar by 
their hands to the maximum extent. They wait for a couple 
of seconds before stretching forward and backward at the 
remotest point. The higher value is recorded out of two 
attempts [12]. Takei's TKK 5401 model (Grip-D, Takei 
Scientific Instruments Co. Ltd., Tokyo, Japan) hand grip 
dynamometer was put to use to assess the strength of hand 
grip. The instrument views the strength of left and right 
forearm flexors in kgf. A five-minute warm-up is then 
followed by the adjustment of the dynamometer according 
to the participant's hand. The measurement is conducted 
once the participant stands up, with his/her arm making a 
30º angle to the body without bending his/her arm 
measured and contacting the body. This is repeated for the 
right and left hand twice and the peak value is recorded. A 
30-second break is taken between sets. 

In order to explore the static balance of the participants, 
The Flamingo Balance Test was utilized with a view to 
exploring the static balance in participants. The reliability 
coefficient of static balance was 0.87 [6]. The test 
revealed that the study group stood on a stabilometry 
platform of 50 cm in length, 4 cm. in height and 3 cm. in 
width with the dominant/preferred foot and tried to 
achieve their balance. The other free leg was bent 
backward from knee, pulled up to hips and gripped with 
the hand on the same side and time started when the 
participants achieved his/her balance on one foot and tried 
to keep his/her balance for one minute. When the 
participant lost his/her balance (giving up gripping the 
foot, falling off the platform, touching any part of the 
body, etc.), time was stopped. When the participant 
regained his/her balance on the platform, time was 
resumed. The test lasted for one minute. When time was 
up, the number of balance lost was counted, and the 
number was noted down as the balance score of 
participants at the end of the test. 

3. Data Analyses 
For processing of data, collected data were processed 

with SPSS 21.0 software. The Mann-Whitney U test 
(MWU) and the Wilcoxon Signed Ranks test were used 
for data analysis, frequency analysis and descriptive 
statistics. 
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4. Results 
Table 1.  Comparison of Preliminary Test Results by Groups 

 W1 BMI1 BFP1 FBT1 SRT1 SBJ1 SUT1 BAH1 HGSleft1 HGSright1 SR1 

MWU 380.000 465.000 449.500 416.000 444.000 368.000 476.000 426.000 478.000 472.500 437.500 

Z -1,773 -,632 -,840 -1,298 -,914 -1,935 -,486 -1,155 -,459 -,533 -1,011 

p ,076 ,527 ,401 ,194 ,361 ,053 ,627 ,248 ,646 ,594 ,312 

Performed in an effort compare the initial measurements of all variables for both groups, Mann-Whitney U test offered 
no significant difference. 

Table 2.  Comparison of Post Test Results by Groups 

 W2 BMI2 BFP2 FBT2 SRT2 SBJ2 SUT2 BAH2 HGSleft2 HGSright2 SR2 

MWU 443.500 442.000 451.500 233.500 278.000 498.000 335.000 311.000 361.500 358.000 176.500 

Z -,921 -,940 -,813 -3,769 -3,144 -,188 -2,390 -2,699 -2,026 -2,075 -4,547 

p ,357 ,347 ,416 ,000 ,002 ,851 ,017 ,007 ,043 ,038 ,000 

Performed in an effort to compare the final measurements of all variables for both groups, Mann-Whitney U test 
pointed to significant differences in Flamingo Balance Test, Sit and Reach Test, Sit-Ups Test, Bent Arm Hang Test, Hand 
grip Strength Test- left, Hand grip Strength Test- right and Shuttle Run test. 

Table 3.  Comparison of Pre and Post Test Results within Groups 

Parameters Groups Measurements Z p 

W 
Exercise Pre-Post -4,861 ,000 

Control Pre-Post -1,342 ,180 

BMI 
Exercise Pre-Post -4,918 ,000 

Control Pre-Post -,729 ,466 

BFP 
Exercise Pre-Post -2,677 ,007 

Control Pre-Post -1,414 ,157 

FBT 
Exercise Pre-Post -5,051 ,000 

Control Pre-Post -1,414 ,157 

SRT 
Exercise Pre-Post -5,107 ,000 

Control Pre-Post -1,000 ,317 

SBJ 
Exercise Pre-Post -5,112 ,000 

Control Pre-Post -1,633 ,102 

SUT 
Exercise Pre-Post -5,086 ,000 

Control Pre-Post -1,897 ,058 

BAH 
Exercise Pre-Post -5,443 ,000 

Control Pre-Post -,184 ,854 

HGS left 
Exercise Pre-Post -5,140 ,000 

Control Pre-Post -1,057 ,290 

HGS right 
Exercise Pre-Post -4,481 ,000 

Control Pre-Post -1,857 ,063 

SR 
Exercise Pre-Post -5,101 ,000 

Control Pre-Post -1,414 ,157 

Performed in an effort to compare the final measurements of all variables within groups in terms of preliminary and 
post tests, Wilcoxon Signed Ranks test pointed to significant differences in W, BMI, BFP, FBT, SRT, SBJ, SUT, BAH, 
HGS and SR. 
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5. Discussion 
The study pointed to a significant difference in the 

exercise group in terms of body weight, body mass index, 
body fat percentage, balance, flexibility, torso strength, 
arm strength, grip strength and sprint speed. Watts et al. [21] 
report that elite climbers are shorter in height, with less 
body weight and a significantly lower body fat percentage. 
Other researchers report similar outcomes. A significant 
increase was recorded for balance results. As a part of a 
study conducted back in 2001, Fjørtoft [1] had children 
play various games in a natural setting and found out major 
differences in their balance and coordination skills. The 
fact that there was a significant increase in flexibility of the 
participants in the exercise group is compatible with the 
literature, as well. There are studies in literature that argue 
regular exercise has a positive impact on enhanced 
flexibility. Nelson et al. [11], reported a boost in flexibility 
for stretching exercises. Tekin et al. [19], reported similar 
results in an exercise program run for three months with 
female college students suffering from obesity. The results 
of the tests performed for a long-jump with a pause pointed 
to a significant difference for the exercise group. Karagöz 
reported [7], significant differences in sprint and long-jump 
with a pause for the experimental group as a part of a 
program. These data are totally compatible with our study. 
A significant improvement was recorded for arm strength. 
Ranson et al. [13], reported significant differences in 20 
meter-long sit-up sprints, long-jumps with a pause and grip 
strength as a part of their study. The participants 
significantly improved their grip strength. While most 
researchers came up with similar results, the results of 
some researchers vary even if only to a small extent. This 
can be caused by discrepancy in measurement instruments 
and methodologies adopted for the analysis of grip strength 
[2, 16]. Muehlbauer et al. [9] reported a significant 
improvement in grip strength as a part of their study based 
on sport climbing that involved sedentary young men and 
women. 

6. Conclusions 
In conclusion, the study sought to analyze the 

physiological and strength parameters for children who 
begin to take up sport climbing. As proven by scientific 
findings of this study, sport climbing offers a positive 
impact on physical and physiological development of 
people. The results of this study are expected to contribute 
to the studies previously conducted with focus on sport 
climbing. In the same vein, this will offer an opportunity 
for the discipline of sport climbing to be acknowledged in 
multiple aspects. This study can be further improved by 
working on various training modes and age groups. 
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