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ABSTRACT 
 
Handstand skills are one of the materials that must be mastered by students through Physical Education (PE) learning. 
However, the learning media used by the teacher has not been effective in achieving this goal. Therefore, this study 
aims to develop Android-based gymnastics learning media to improve handstand skills in junior high school students. 
The design used is Research and Development (R & D) which adopts the Plomp model and pre-experimental to test 
its effectiveness. A total of 47 junior high school students in Indonesia participated in this study. Then, 9 experts were 
also involved to assess the feasibility of the product before it was implemented. The procedures in this study consisted 
of preliminary research, prototyping phase, and assessment phase. Product effectiveness testing includes pre-test 
data, use of Android-based learning media, and post-test data. The instrument used was a handstand skills test, and 
the duration of the treatment was ± 1 month. Validity and reliability data were analysed using the validity coefficient V 
from Aiken and Intraclass Correlation Coefficients (ICC), while product effectiveness used a t-test. The results showed 
that the average validity was 0.87 (high) and the reliability was 0.88 (very high). The results of testing the effectiveness 
of the product also showed that the Android-based gymnastics learning media was effective for improving handstand 
skills (p < .05), with an average post-test of 70.93 > pre-test of 63.45 and the difference is 7.48. In conclusion, students 
in junior high school can develop their handstand skills by using Android-based gymnastics learning media. This 
research is expected to be able to overcome the limitations in learning, both for PE teachers, junior high school 
students, and gymnastics practitioners in improving handstand skills. 
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INTRODUCTION 
 
Artistic gymnastics is part of the PE curriculum at the junior high school level. This learning requires complex 
technical skills (Minganti et al., 2010), and involves several physical components such as strength, flexibility, 
and balance skills (Bradshaw et al., 2010; Sleeper et al., 2016). This includes handstand skills which are 
useful for acquiring other skills that are more difficult and complex (Hedbávný et al., 2013). After 3-4 years of 
practice, often between the age of 7-11 years, young gymnasts begin performing handstands on a flat surface 
like the floor (Kochanowicz et al., 2015). Balance control is needed to maintain a handstand position with a 
level of difficulty that continues to improve according to the next stage of the exercise (Gautier et al., 2008). 
In this regard, control of balance in the upright position has been the focus of various studies (Croft et al., 
2008; Johannsen et al., 2007; Kibele et al., 2015; Stodolka et al., 2016). 
 
Gymnastics skills require training and preparation based on the time available during PE learning (Coelho, 
2010). Due to inadequate student preparation and experience during learning, or a lack of training for PE 
teachers to instruct gymnastics in a variety of settings, skills acquired are inappropriate or underdeveloped 
(e.g. educational, recreational and competitive) (Davis, 2018). PE teachers may not be able to identify faults 
in movement skills, because they do not have the necessary background in all sports (Kong, 2016), a or 
inexperienced in a sport (Kojima et al., 2021). The material created for the PE program, as well as the 
methods and modes of communication employed are additional factors (Kok et al., 2020). 
 
It is important to note, that the PE teaching program for the secondary education level is focused on sport 
development and skills (Proios, 2019). This includes handstand skills. Therefore, professional teachers need 
to plan and implement innovative learning with the help of technology (Firdaus & Mario, 2022; Komaini et al., 
2021; Warburton, 2003), and how they take advantage of various programs that are capable of producing an 
innovative and interactive learning media, such as Android (Doloksaribu & Triwiyono, 2020). 
 
The success of Android is inextricably linked to open source, which offers developers a free platform on which 
to build their own applications (Un-Noor et al., 2017). Several previous studies have examined the various 
benefits of Android, such as creation of gymnastics-specific Android learning resources (Handayani et al., 
2022). This study was conducted on sports education students to improve their roll ahead straddle skills. 
Android-based physical fitness software guide (Setiakarnawijaya et al., 2021). This study is offered on a 
digital platform as an application on a smartphone with the aim of serving as an educational resource for its 
users (athletes, sports professionals, and the general public). Mobile learning design for rhythmic gymnastics 
(Oktariyana et al., 2021). This study was conducted on senior high school students as an effort to improve 
rhythmic gymnastics during the COVID-19 period. Three-dimensional simulation for Android-based 
swimming training (Zhu & Kou, 2021). This study is based on virtual reality and mobile technology. Then, 
designing and validating Android-based wireless (Singh & Jain, 2015). This study aims for health monitoring. 
To our knowledge, there are very limited studies examining Android-based gymnastics learning media to 
improve handstand skills in junior high school students. 
 
Therefore, this study aims to develop Android-based gymnastics learning media to improve handstand skills 
in junior high school students. This research is expected to be able to overcome the limitations in learning, 
both for PE teachers, junior high school students, and gymnastics practitioners in improving handstand skills. 
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MATERIALS AND METHODS 
 
Study design 
This study uses two designs, namely R & D which adopts the Plomp model (Plomp & Nieveen, 2013), and 
pre-experimental with a one group pre-test-post-test design. R & D design is used to design and produce 
products, while experimental designs are used to test their effectiveness. 
 
Participants 
A total of 47 junior high school students in Indonesia participated in this study (Table 1). This study also 
involved 9 experts who were competent in their fields, namely 3 gymnastics experts, 3 technology experts, 
and 3 language experts. 
 
Table 1. Characteristics of participants. 

Characteristics 
Gender 

Male (n = 26) Female (n = 21) 

Age 13.47 ± 0.51 13.34 ± 0.46 
Weight 50.09 ± 2.29 47.91 ± 1.60 
Height 150.12 ± 2.89 147.24 ± 2.82 
BMI 22.23 ± 0.95 22.42 ± 1.03 

 
Table 2. Classification of handstand skills. 

Score Classification 

90 ≤ N ≤ 100 Very good 
80 ≤ N ≤ 89 Good 
65 ≤ N ≤ 79 Enough 
30 ≤ N ≤ 64 Less 
0 ≤ N ≤ 29 Very less 

 
Procedures and instruments 
The procedures in this study consisted of preliminary research, prototyping phase, and assessment phase 
(Plomp & Nieveen, 2013). Needs and context analysis is a stage of preliminary research (student analysis, 
curriculum analysis, and material analysis). The prototyping phase is the product design stage in the form of 
an Android-based gymnastics learning media, which contains a menu of instructions for using the media, 
syllabus and lesson plans, learning materials, attendance, video practice, and evaluation (assignments). 
Products that have been designed are assessed by experts, who independently review and evaluate the 
relevance of the content. Then, the assessment phase is the implementation stage to test the effectiveness 
of the product that has been developed. The product implementation stages consist of: (1) pre-test data, 
namely conducting a handstand skill test before using Android-based gymnastics learning media; (2) 
treatment, namely providing Android-based gymnastics learning media that has been developed. This 
treatment is carried out in PE learning for handstand material, with a duration of ± 1 month or 4 meetings; 
(3) post-test data, namely conducting a handstand skills test after using Android-based gymnastics learning 
media. The handstand skill test includes an initial phase, the main phase and the final phase. Handstand 
material includes indicators: (1) initial standing with both hands beside the ears; (2) both hands rest shoulder-
width apart on the mat; (3) straightened legs; bent elbows; folded head so that the chin touches the chest; 
(4) leaning forward so that the body weight is on the palms of the hands; (5) roll forward by landing with your 
head foremost and your knees open in the shape of a "V" or astride; (6) pushing the hands forward between 
the left and right legs while trying to get up causes both hands to release the support from the mat; (7) return 
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to a straight, foot-to-foot stance; (8) ready position. The classification for the handstand skill test is presented 
in Table 2. 
 
Statistical analysis 
Testing the validity inter-ratters uses the validity coefficient V from Aiken (Aiken, 1985) and reliability using 
ICC (Cho, 1981) (Table 3). Then, testing the effectiveness of the product is analysed using the t-test. Data 
were analysed using the statistical program IBM SPSS. 
 
Table 3. Classification for validity and reliability. 

Validity Reliability 

Index V Classification ICC Classification 

V ˂ 0.4 Low ˃ 0.80 Very high 
0.4 ≤ V ≤ 0.8 Enough 0.61-0.80 High 

V ˃ 0.8 High 0.41-0.60 Enough 
  < 0.41 Low 

Note. The alternative assessments provided are very valid/reliable (score 5), valid/reliable (score 4), enough valid/reliable (score 
3), less valid/reliable (score 2), and invalid/reliable (score 1). 

 
RESULTS 
 
Product description 
An Android-based gymnastics learning media that can be accessed on an Android device is the end result. 
The media includes menus, usage instructions, lesson plans, learning resources, attendance logs, practice 
videos, and assignments to assess handstand proficiency (Figure 1). 
 

a)  b)  
 

Figure 1. a) Initial appearance of the media, b) Menu on the media. 
 
How to use media both online and offline is described in the help menu. An overview of the subjects that 
students will study is provided in the syllabus menu and learning implementation plan. Each meeting's 
material is available in pdf format on the material menu. The application's attendance menu takes the form 
of a link that connects straight to the absence on the instructor portal. Videos explaining how to execute 
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handstand moves from the starting phase to the main phase and the final phase are available on the video 
and practice menu. There are also videos of people performing basic handstand exercises in the video and 
practice menu, including videos of sit-ups for abdominal strength, push-ups for hand strength, body weight 
exercises on the hands for hand strength, presses for hand strength when standing up after rolling over, and 
body weight exercises resting on the hands. The assignment menu is made in the form of a Google form 
which contains instructions for assignments to be carried out by students, then uploaded by students in a 
format containing the student's identification number and a YouTube link. 
 
Validity and reliability 
A total of 9 experts conducted an assessment to determine its validity and reliability through written reports 
and discussions and came to the conclusion that the developed learning media can be implemented. The 
experts' responses during the revision stage are presented in Table 5. Then Table 4 is an assessment after 
the product has been revised. The test results show an average validity is 0.87 (high) and a reliability is 0.88 
(very high). Thus, field tests can be carried out on Android-based gymnastic learning media. 
 
Table 4. Product validity and reliability. 

Experts (N = 9) Validity Reliability 
Information 

Validity Reliability 

Gymnastics experts (n = 3) 0.87 0.88 High Very High 
Technology experts (n = 3) 0.86 0.86 High Very High 
Language experts (n = 3) 0.89 0.90 High Very High 

ẋ 0.87 0.88 High Very High 

 
Table 5. Expert comments. 

Experts (N = 9) Comment 

Gymnastics experts (n = 3) 
Add handstand motion analysis material 
Add practice forms for handstand skills 

Technology experts (n = 3) 
The media display is designed to be more attractive 
The image display is clearer 

Language experts (n = 3) 
Use of non-standard language 
Clarity of letters 

 
Implementation (product effectiveness) 
Product implementation involved 47 junior high school students to prove the effectiveness of the learning 
media that had been developed in improving handstand skills. 
 
Table 6. Descriptive statistics for handstand skills. 

Data N Phase Min Max 
M ± SD 

Classification Ẋ2- Ẋ1 
Each phase All phases 

Pre-test 47 
Initial 49.00 75.20 63.31 ± 5.99 

63.45 ± 5.28 Less 

7.48 

Main 45.00 70.00 59.22 ± 5.69 
Final 57.00 78.00 67.83 ± 5.04 

Post-test 47 
Initial 55.12 83.00 69.71 ± 7.43 

70.93 ± 6.65 Enough Main 53.00 81.00 68.11 ± 7.28 
Final 62.00 85.00 74.98 ± 6.18 

Note. The initial, main and final phases are a series of handstands; M ± SD is the mean and standard deviation of each phase and 
all phases; Ẋ2- Ẋ1 is the difference between the average pre-test and post-test data from all phases. 
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The results of this descriptive analysis are presented in Table 6. Table 6 shows that there was an increase 
in the average handstand skill between the pre-test and post-test data, both from the initial, main and final 
phases. The overall average of all phases for pre-test data is 63.45 (less) and post-test is 70.93 (enough). 
The average difference in handstand skills between the pre-test and post-test data from each phase is 
presented in Figure 2. 
 

 
 
Figure 2. The average difference in handstand skills between the pre-test and post-test data from each 
implementation phase. 
 
The results of the tests for normality and homogeneity also demonstrate that the data are both normally and 
homogeneous distributed (p > .05) (Table 7). 
 
Table 7. Normality and homogeneity of data. 

Normality test Homogeneity test 

Data p-value Data p-value 

Pre-test .745 
Pre-test-post-test .312 

Post-test .682 
Note. Data is normally distributed and homogeneous (p > .05); Shapiro-Wilk test for normality and Levene's test for homogeneity. 

 
Then, the results of the paired samples t-test as presented in Table 8, showed that there was a significant 
difference between the pre-test and post-test data (p < .05). This means that Android-based gymnastics 
learning media is effectively used to improve handstand skills in junior high school students. This can be 
seen in Table 6, that the average pre-test-post-test data for handstand skills is 63.45 (less) < 70.93 (enough) 
and the difference is 7.48. Then, the value of “r” in Table 8 also shows that there is a significant correlation 
between handstand skills improvement pre-test and post-test data (p < .05), with a regression model Y = 
5.754 + 0.885 (Figure 3). 
 
Table 8. Paired samples t-test. 

Data df R (n = 47) p-value* M ± SD SEM t p-value (2-tailed)* 

Pre-test-post-test 47 0.885 .000 7.48 ± 3.15 0.460 16.24 .000 
Note. The difference is significant (p < .05). 
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Figure 3. Linearity curve between pre-test and post-test data. 
 
DISCUSSION 
 
Based on the results of product development, that the average validity is 0.87 (high) and the reliability is 0.88 
(very high). The results of the product implementation also showed that the Android-based gymnastics 
learning media was effective in improving handstand skills in junior high school students (p < .05). This 
developed Android-based learning media can be accessed anytime and anywhere without using an internet 
network, containing learning materials, instructions, and applications related to learning. Previous studies 
reported that mobile learning can be carried out during the course schedule or outside the course schedule, 
so that the use of Android proves to be feasible, practical, and efficient in learning (Lu’mu, 2017). Other 
studies also report that Android applications are very useful for helping students and teachers in the learning 
process (Gore et al., 2017). This can be done to overcome the limitations in learning (Açişli et al., 2011; 
Misbah et al., 2021). 
 
The use of technology in the field of education can help the learning process, both for developing, processing 
and presenting material, so as to create a learning atmosphere that arouses student interest and learning 
motivation (Aremu & Efuwape, 2013). Students can use technology in learning, such as Android as a tool to 
help study success (Shoraevna et al., 2021), make the educational process more engaging (Burbules et al., 
2020), exciting and inspiring (Gómez-Carrasco et al., 2020; Schmid & Petko, 2019), so that students 
participate actively in their education (Ninaus et al., 2019; Oluwajana et al., 2019). Learning using mobile is 
a medium that is easy to use in achieving effective learning goals (Oktariyana et al., 2021). In addition, mobile 
learning can increase knowledge, collaborate with others, and enhance student experiences (McQuiggan et 
al., 2015). 
 
The resulting learning media has gone through the stages of validity and reliability testing before being 
implemented. Content validity is carried out by involving two or more ratters who are independently tasked 
with reviewing and evaluating the relevance of the content represented in the instrument (Wynd et al., 2003). 
Determination of reliability also shows the consistency of judgments (Robertson et al., 2013), where ICC is 
used to analyse the level of agreement among several ratters (Koo & Li, 2016; Weir, 2005). These results 
are consulted to make improvements until an agreement is reached for field trials. 
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Based on the data obtained during the development to product implementation stages, we realize that there 
are some limitations. The sample used for product implementation was 47 junior high school students in 
Indonesia, consisting of males (n = 26) and females (n = 21), so a wider sample size and diversity is needed, 
and comparisons between students and male and female. The experimental design used was one group pre-
test-post-test design, so a comparison group was needed to test the effectiveness of the product. 
 
CONCLUSIONS 
 
The conclusion from the results of this study are the creation of a product in the form of Android-based 
gymnastics learning media to improve handstand skills in junior high school students. This is consistent with 
the results of the average expert validity of 0.87 (high) and reliability of 0.88 (very high). The results of testing 
the effectiveness of the product also showed that the Android-based gymnastics learning media was effective 
for improving handstand skills (p < .05), with an average post-test of 70.93 > pre-test of 63.45 and the 
difference is 7.48. Thus, junior high school students' handstand skills can be improved by using this learning 
media. The results of this study are expected to help PE teachers, junior high school students, and 
gymnastics practitioners improve their handstand techniques. 
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