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Abstract 

The purpose of this study was to examine the effect of STEAM-based PE lessons on self-

directed learning abilities, a core competency of the 21st century, and on attitudes towards 

PE classes related to physical education alienation and avoidance. To achieve this purpose, 6 

classes out of 8 at J Middle School, J City, Jeollabukdo, South Korea were selected. The 

experimental and control groups, consisting of 87 and 88 students, respectively, were chosen 

from among the 238 first grade students by means of convenience sampling. The 

experimental group had PE classes based on STEAM for 14 weeks, whereas the control 

group were subjected to traditionally teacher-centered PE classes. The results of the study 

show that the experimental group displayed a significant difference in all the sub factors of 

attitude towards physical education classes and in all the sub factors of self-directed learning 

abilities as compared to the control group. In conclusion, PE classes based on STEAM have a 

positive effect on the students’ attitude towards physical education classes and self-directed 

learning abilities. Based on the results, it suggests that efforts to combine STEAM education 

and physical education are needed. 
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1. Introduction 

STEAM schools and programs are being initiated around the United States [1]. STEAM 

refers to a convergence of different disciplines in education. It is the acronym for Science, 

Technology, Engineering, Arts, and Mathematics. The purpose of STEAM is to assimilate the 

principles of science and mathematics which develop logical thinking, and to achieve creative 

results by adding aesthetic elements, (Arts) based on creative design, (engineering) and 

technology. In particular, STEAM starts from one main theme, rather than subject-specific 

classes. It allows students to explore an issue from a variety of perspectives, and to develop 

creative problem-solving skills. In other words, STEAM curriculum focuses on 

interdisciplinary and inquiry-based learning.  

However, there are only a few evidence-based studies to confirm these practical 

experiences. Thus relevant and reliable research is urgently needed to expand the emerging 

STEAM movement with accompanying activities [2]. Moreover, physical education has little 
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in common with STEAM, with very few examples of how it can be applied [3]. Therefore, 

this study aimed to improve the understanding of the connection between STEAM and 

physical education by examining the effect of STEAM-based physical education classes on 

middle school students‟ attitude towards physical education and self-directed learning 

abilities, and to examine various teaching and learning methods. 

 

2. Research methods 
 

2.1. Research participants  

This study selected 6 classes in total. The experimental and control groups consisted of 3 

classes each, of 87 students and 88 students, respectively, while practicing convenience 

sampling out of non-probability sampling. Learners completed a questionnaire to gauge their 

attitudes towards PE classes and self-directed learning abilities. A total of 178 final research 

participants were selected. A total of 4 students were excluded from the experimental and 

control groups as their responses in the questionnaire were not deemed reliable and sincere. 

 

2.2. Selection and organization of learning content 

STEAM can be problem-based and can consist of cooperative learning to apply and 

practice multidisciplinary knowledge so as to solve realistic problems [4][5]. Therefore, 

immediately after the start of the new semester in 2019, the curriculum council met to select 

the learning program to address the implementation of cooperative learning classes. Based on 

this, learning content was revised and supplemented after consultation between a major 

professor and two doctors of sport pedagogy. Specifically, this study selected the topics of 

Fine Dust and 1,000m running, (Science-5 periods, Arts-2 periods, Technology • Home 

Economics-2 periods, Physical Education-7 periods), Creative Expression Activities, 

(Science-2 periods, Technology • Home Economics-3 periods, Korean-4 periods, Physical 

Education-6 periods, Music-2 periods), Table Tennis, (Science-3 periods, Arts-2 periods, 

Technology • Home Economics-2 periods, Physical Education-6 periods, Society-2 periods), 

Tee Ball, (Science-3 periods, Arts-2 periods, Technology • Home Economics-2 periods, 

Physical Education-6 periods, Society-2 periods). 

 

2.3. Research process 

This study selected 4 sports disciplines; long-distance endurance running, creative 

expression activities, table tennis, and tee ball to verify the effect of physical education 

classes based on STEAM by conducting the classes for 14 weeks from March 11, 2019 to 

June 14, 2019. It took three weeks to complete the tasks related to each discipline because the 

curriculum related to each, coincided with other activities, rather than focus on each 

individual discipline separately. In order to confirm the results of this study, pre-

questionnaires were conducted for two days on March 4 and 5, 2019 after explaining physical 

education classes and research. And a post-test was performed for two days on June 17 and 

18, 2019 after the application of flipped learning classes was completed. 
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2.4. Validity and reliability 

 

2.4.1. Attitude towards physical education classes 

The explained variation of the whole dispersion regarding 6 sub factors of attitude towards 

physical education classes was 69.811 % and KMO turned out to be .736, (χ² =1216.689, 

p<.000). As for factor loading by sub factor, it turned out that each sub factor was valid, by 

showing health and physical strength with .834-.645, interpersonal relations with .863-.760, 

active participation with .844-.712, positive performance with .808-.646, negative emotions 

with .840-.668 and physical activities and movement with .916-.867. As for reliability test of 

internal consistency, it turned out that “health & physical strength” was Cronbach‟s α=.785, 

“interpersonal relations” was Cronbach‟s α=.791, “active participation” was Cronbach‟s 

α=.749, “positive performance” was Cronbach‟s α=.764, “negative emotions” was 

Cronbach‟s α=.690, and “physical activities & movement” was Cronbach‟s α=.823.  

 

2.4.2. Self-directed learning abilities 

The explained variation of the whole dispersion regarding 5 sub factors of self-directed 

learning abilities was 57.427% and KMO turned out to be .820, (χ²=1100.498, p<.000). As 

for factor loading by sub factor, it turned out that each sub factor was valid, by showing self-

reflection with .803-.623, learning objective establishment with .784-.573, selection of 

learning strategies with .745-.610, desire for learning with .748-.597 and basic self-

management abilities with .846-.673. As for the reliability test of internal consistency, it 

turned out that self-reflection was Cronbach‟s α=.825, learning objective establishment was 

Cronbach‟s α=.763, selection of learning strategies was Cronbach‟s α=.689, desire for 

learning was Cronbach‟s α=.647, and basic self-management abilities was Cronbach‟s 

α=.610. 

 

2.5. Data processing 

In this study, SPSS 21.0K statistics program for Windows was used to process the results 

according to the purpose of this analysis. First, the validity and reliability analysis of 

questionnaire used exploratory factor analysis and Conbach‟s α according to a Varimax 

rotation. Second, the independent sample t-test was used to test homogeneity about pre-scores 

of attitude towards physical education classes and self-directed learning abilities between an 

experimental group and a control group. Third, to verify effect of Physical Education Classes 

based on STEAM of Self-directed Learning Abilities and Attitude towards Physical 

Education Classes, this study carried out Multivariate ANOVA, (MANOVA). 

 

3. Findings 
 

3.1. Physical education classes and attitude towards physical education classes based on 

STEAM 

As shown in [Table 1], the Experimental group has higher average in all sub-factors of the 

attitude towards PE classes than the control group. 
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Table 1. The mean and standard deviation of the attitude towards PE classes for the two groups 

Factor Sub factor Group M±SD 

Attitude 

towards 

physical 

education 

classes 

Health and Physical Strength 
Experimental group 17.25 ± 2.78 

Control group 14.97 ± 2.08 

Interpersonal Relations 
Experimental group 13.11 ± 2.12 

Control group 11.34 ± 1.68 

Active Participation and Positive 

Performance 

Experimental group 11.01 ± 2.38 

Control group 9.57 ± 1.95 

Positive Emotions 
Experimental group 12.34 ± 2.11 

Control group 11.09 ± 1.71 

Negative Emotions 
Experimental group 4.69 ± 1.33 

Control group 6.45 ± 1.39 

Physical Activities and Movements 
Experimental group 8.56 ± 1.62 

Control group 7.49 ± 1.10 

To confirm the changes of attitude towards PE classes of students observed after the 

participation in PE classes based on STEAM between the two groups, MANOVA was carried 

out. According to the results, the experimental group which participated in PE classes based 

on STEAM showed improvement in all sub factors of attitude towards PE classes as 

compared with the control group. According to the results, the experimental group which 

participated in PE classes based on STEAM showed improvement in all sub factors of attitude 

towards PE classes as compared with the control group. 

Table 2. The result of MANOVA and ANOVA on sub factors of attitude towards PE classes 

Sub factor 

MANOVA ANOVA 

Hoteling‟s ²  F p η² F p η² 

Health and Physical 

Strength 

.476 14.285 .000 .323 

30.831 .000 .143 

Interpersonal 

Relations 
36.441 .000 .165 

Active Participation 

and Positive 

Performance 
10.948 .001 .056 

Positive Emotions 25.764 .000 .122 

Negative Emotions 75.740 .000 .290 

Physical Activities  
and Movement 

27.302 .000 .129 

 

 

 



Asia-Pacific Journal of Educational Management Research 

Vol.5, No.2 (2020), pp.53-60 

 

 

Copyright © 2020 Global Vision Press (GV Press) 57 

3.2. Physical education classes and self-directed learning abilities based on STEAM 

As shown in [Table 3], the Experimental group has higher average in all sub-factors of the 

Self-Directed Learning Abilities than the control group. 

Table 3. The mean and standard deviation of the Self-directed learning abilities for the two groups 

Factor Sub factor Group M±SD 

Self-Directed Learning 

Abilities 

Desire for Learning 
Experimental Group 13.49 ± 2.53 

Control Group 12.32 ± 2.28 

Learning Objective 

Establishment 

Experimental Group 13.17± 3.21 

Control Group 10.94± 2.86 

Selection of Learning 

Strategies 

Experimental Group 12.85± 2.48 

Control Group 11.01± 2.71 

Self-Reflection 
Experimental Group 16.98 ± 3.45 

Control Group 13.99 ± 3.34 

Basic Self-Management 

Abilities 

Experimental Group 11.18 ± 2.03 

Control Group 9.88 ± 1.79 

To compare the changes of self-directed learning abilities observed after the participation 

in PE classes based on STEAM, MANOVA was carried out. According to the results, the 

experimental group which participated in PE classes based on STEAM showed improvement 

in all sub factors of self-directed learning abilities as compared with the control group. 

Table 4. The result of MANOVA and ANOVA on sub factors of Self-directed learning abilities 

Sub factor 

MANOVA ANOVA 

Hotelling‟s ²  F p η² F p η² 

Desire  for Learning 

.201 7.281  .000 .167 

15.962 .000 .079 

Learning Objective 

Establishment  
22.510 .000 .108 

Selection of Learning 

Strategies 
24.670 .000 .118 

Self-Reflection 19.239 .000 .094 

Basic Self-Management 

Abilities 
15.605 .000 .078 

 

4. Discussions 
 

4.1. PE classes and attitude toward PE classes based on STEAM 

The reason why PE classes based on STEAM influenced the improvement of their attitude 

towards physical education classes is as follows. 

First, PE classes based on STEAM increased students‟ academic motivation and 

participation. STEAM provides a practical environment. The practical environment enhances 
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learning motivation by learning how to apply the knowledge they have learned and how it is 

related [6]. In particular, the practical environment gives students the opportunity to enjoy 

classes more than just learning or learning by listening only, and to find ways to effectively 

solve difficult tasks [2][7]. Moreover, physical education alienation occurs when motor 

functions are central [8]. Therefore, it seems that students‟ interest and learning motivation 

have been improved by knowing how the basic motor functions learned in physical activities 

are related to scientific theories, and making and using new tools based on mechanical 

principles. The self-determination theory of [9] suggests that an individual‟s motivation and 

performance will be maximized if the educational context that satisfies the needs for 

competence, autonomy, and relatedness is provided. These three needs are naturally satisfied 

as the students solve a task through student-centered cooperative learning in PE classes based 

on STEAM, increasing their motivation and participation. 

Second, PE classes based on STEAM strengthened attitudes towards physical education 

classes by facilitating interaction between students, and students and teachers. The physical 

education classes based on STEAM encouraged team members to solve given tasks of 

abstract theories while sharing a variety of thinking strategies among themselves [10]. A 

study by [11] also thought that STEAM learning increases students‟ motivation, interaction 

with teachers, and effective learning. Students can achieve more when they study with friends 

rather than alone, and this process promotes the social development of students and promotes 

their voluntary participation in physical education classes [12]. Therefore, in PE classes based 

on STEAM, cooperative learning encourages students to voluntarily participate in tasks with 

their peers, and teachers serve as facilitators to enable a two-way communication rather than 

one-way communication. This makes students feel free in physical education classes, leading 

to their active participation and positive performance. 

 

4.2. PE classes based on STEAM and self-directed learning abilities 

The reason why PE classes based on STEAM has a positive effect on students‟ self-

directed learning abilities is as follows. 

First, PE classes based on STEAM are based on problem-based learning. Problem-based 

learning allows students to participate in complex problems that cannot be solved with a 

single clue, apply new knowledge between different disciplines, and to reflect on their own 

learning [13]. In other words, PE classes based on STEAM are expected to enhance self-

directed learning abilities by providing students with the opportunity to solve the given 

problems by utilizing the knowledge learned in class, enabling them to think flexibly and 

evaluate the result of applying knowledge. This argument is supported by not only 

Zimmerman [14]„s study saying that self-directed abilities are improved with an open 

environment in which students can choose and apply knowledge, but also by Plucker et al. 

[15]„s study saying that students can improve self-directed learning abilities when they 

explore, observe, reflect, and ask specific questions in a STEAM environment.  

Second, PE classes based on STEAM enhance self-efficacy. Students with high academic 

self-efficacy have high self-directed learning abilities because they use self-directed learning 

strategies such as learning strategies, motivational strategies, and cognitive strategies [16]. 

The factors contributing to self-efficacy improvement in PE classes based on STEAM can be 

found in the case of small-scale cooperative learning. Small-scale cooperative learning 

enhances self-efficacy by sharing and solving problems assigned to individuals, improving 

their abilities to cope with task stresses while achieving higher performance [17][18]. PE 

classes based on STEAM reduce the need for explanations and demonstrations important in 
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traditional teacher-centered classes, and instead increase the time to practice given functions 

and to participate in problem-solving tasks through cooperative learning. This change in time 

allocation, especially in small-scale cooperative learning, implies that students feel that their 

peers can help them solve the problem of learning due to increasing feedback between them, 

thereby improving the achievement of tasks as they can concentrate on learning comfortably. 

This argument is supported by a study [19] suggesting that classes need to provide a 

supportive, encouraging environment and feedback to enhance students‟ self-efficacy.  

 

5. Conclusion 

An effort is required to apply STEAM to physical education. Many educational leaders 

have sometimes interpreted subjects and taught subject knowledge from a narrow viewpoint 

so that balanced teaching and learning methods have been requested in arts, science, and 

humanities [20]. In particular, physical education is struggling to solve students‟ alienation 

and avoidance problems despite numerous efforts. Thus, discussions have been made as to 

how the STEAM philosophy is suited to the field of physical education [21]. Therefore, a 

study needs to be conducted that explores important changes besides attitude towards physical 

education and self-directed learning abilities. 
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