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Abstract

This study considered the significance of learning through the body in university physical education by examining
university students’ perspectives on learning and its role in STEAM(Science, Technology, Engineering, Arts, and
Mathematics) education. Such an attempt was not simply to explore the contents and methods of university classes
and propose solutions to problems, but also to question the existing framework of university physical education
learning, to find a fusion point between university physical education learning and STEAM education learning, and
to examine how to recognize the value of university physical education learning today as one perspective, given
the shift toward learning that creates value. Eighty-two first-year students who took a practical physical education
class at a science and engineering university agreed to participate in the survey. Interviews were conducted at the
teaching site using face-to-face, one-on-one, semi-structured, open-ended, in-depth, and focus group. Informal
onsite interviews were conducted during breaks. As a result of the analysis of university students’ perceptions of
university physical education learning obtained through interviews, it was found that learning through the body and
exercise has a relational structure in which students deepen further questions through various ways of knowing,
and experience joy in doing so. It was found that the uniqueness based on physicality and awareness of the body
expressed by science and engineering university students’ view of university physical education could be posi-
tioned as STEAMS(STEAM + Sports) education that develops a new element of creativity in STEAM education. It
was inferred that there are clues to the uniqueness of university physical education learning in these points. This
suggests that in terms of fostering creative human resources at universities, it is important to set up learning oppor-
tunities rich in such diversity, guarantee opportunities to deepen questions, and question the nature of STEAMS
education that accumulates experiences that fascinate people to create.
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Introduction

Advanced technology has fully penetrated the culture
of most societies; and the increasing maturity of artificial
intelligence, Internet of Things, and big data has necessi-
tated IT-based human resources to promote industrial
structural reform (Ministry of Education, Culture, Sports,
Science and Technology, 2018). The heightened demand
for “science, technology, engineering, art, and mathemat-

ics,” collectively known as STEAM education, as well as
design thinking indicates this new direction—one that is
beyond the framework of the conventional “humanities
and sciences” in the general education realm.

Japan is among the countries that have prioritized
STEAM education, as evidenced by a series of new cur-
riculum reforms that emphasize inquiry-based and cre-
ative learning over simple knowledge transfer (Curriculum
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Division, Elementary and Secondary Education Bureau,
Ministry of Education, Culture, Sports, Science and
Technology, 2021). The indication from the Ministry of
Education, Culture, Sports, Science and Technology
(2018) on learning that integrates the humanities and sci-
ences and that from the Ministry of Economy, Trade, and
Industry on the importance of learning as a cycle of
“knowing” and “creating,” are two such examples.

It is important to view STEAM education from a per-
spective that places the arts at the center of interdisciplin-
ary education and “emphasizes the creative,
cross-disciplinary, problem-solving, issue-based, and
project-based aspects of learning” (Henriksen, 2017),
rather than one that merely incorporates the arts into sci-
ences and mathematics.

“Arts” can be defined as design thinking, music,
visual arts, dance, and theater; it may also conceptually
encompass the body, liberal arts, and civic culture
(Yamazaki et al., 2016). In our examination of the role of
university physical education as a liberal arts education,
we define the arts as “creative thinking and expression
that includes the body, the arts, and the liberal arts.” We
thus define STEAM education as a cross-disciplinary,
comprehensive, and exploratory educational framework
that creates new value through the fusion of scientific,
physical, artistic, and creative thinking.

Broadly, there are two approaches to STEAM educa-
tion: (1) blended education that combines the arts with
STEM education promotion as the axis for learning issues,
and (2) inquiry-based learning that transcends the frame-
work of existing subject areas. This study explores the
potential of STEAM education as an inquiry-based learn-
ing approach that transcends existing frameworks in order
to understand university liberal arts education and physi-
cal education from the perspective of its multifaceted
nature. Our intent is to contribute toward fostering human
resources that can demonstrate creativity.

One such method in STEAM education is the design
thinking, which emphasizes keywords, such as intuition,
emotion, value, ideas, and transmission. A feature of this
approach is that students are actively conscious of being
taught, studying, or remembering, and that they are having
fun, discovering problems, forming ideas, giving shape to
ideas, and creating things. The directional objective of
STEAM human resources development depends on how
students demonstrate their creativity autonomously, and
how doing so promotes independent and thorough study.
However, theoretical class research on the development of
STEAM education in Japan is scarce (Shirai, 2020). While
such discussions on STEAM education are expanding in
university education, the role of physical education in this
field is also being reexamined.

Within the Japanese context, we do find a modest
contribution of important studies, such as an examination
of the positioning of university physical education
(Japanese Association of University Physical Education
and Sport, 2010), on issues based on the current status of
university physical education classes (Nara and Kiuchi,
2021; Hashimoto et al. 2012; Sugiyama et al. 2001; Ishida
et al. 2002 etc.), on the subjective benefits for students
(Nishida et al., 2015), and on the methodological out-
comes and significance of classes in university physical
education practical skills (Nara and Kiuchi, 2020; Kiuchi
et al., 2009).

The main issue we face is the significance and effec-
tiveness of university physical education classes. We
believe that university physical education in the future
society should be considered from the lens of STEAM
because such education prioritizes creative human
resources, citizens with expertise and culture, and holistic
education through the cultivation of the mind and body
required for future university education. Therefore, it is
important to re-examine university physical education,
which has the unique characteristics of learning through
the body and movement, in the discussion of STEAM
education in order to fully grasp the significance of uni-
versity physical education.

In two separate studies, Kitamura and Takahashi
(2018) and Kitamura (2020) propose integrating scientific
and sensory knowledge into the classroom. Examining the
state of university physical education within the STEAM
education framework, he suggests the following three
directions: (1) classes that utilize “knowledge” related to
university physical education, such as physical education
and mathematics, physical education and physics, and
physical education and cognitive science; (2) classes that
utilize “knowledge” within university physical education
by integrating physical education and specialized
approaches such as movement analysis and tactical devel-
opment; and (3) classes that uncover “knowledge” inher-
ent in university physical education, such as the transfer
of tacit knowledge and the verbalization of tricks
(Kitamura, 2020). However, the learning experiences of
university students have seldom been explored through a
focus on the arts; how STEAM education is integrated
and developed with physical education learning remains
unclear owing to a paucity of studies.

This study clarifies how college students in science
and engineering departments view college athletics. We
investigate their perspectives on learning, and reconsider
the nature of college education for the development of
STEAM human resources. In other words, this study
seeks to understand the significance of learning through
the body in college athletes from the perspective of
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STEAM education by examining the views of learning
held by college students.

The qualitative research method is appropriate to
analyze factors related to participants’ inner experiences
in university physical education classes. In general, the
purpose of quantitative research is to identify general laws
and, based on these laws, explain events in various fields
and predict events that will occur in various situations
(Kubota, 1997). Qualitative research can help us “under-
stand how people perceive reality in a given situation and
how they interact with that reality, respecting their subjec-
tive positions” (Kubota, 1997). Tagaki (2015) astutely
notes that qualitative research is not a positivist position,
which is the perception of the real world as something
observable and measurable, but that the real world is
socially constructed by people, and truth is an interpreta-
tion constructed by gathering information through mutual
negotiations between the researcher and the participant.
Informed by such constructivism, we employ qualitative
research to understand and describe college students’
learning experiences.

Methods

Participants

Eighty-two first-year students who took a practical
physical education class at a science and engineering uni-
versity in the Kanto region in 20xx agreed to participate
in the survey. The physical education classes taken by the
participants in this study were elective courses in the
liberal arts education curriculum offered in the second
semester of the first year (September to January of the fol-
lowing year). The subject of this study was a weekly face-
to-face class that aimed to improve basic physical fitness
and acquire basic motor skills through basic and game-
style practice in ball games (soft football and tennis).

Data collection

When conducting qualitative research, it is necessary
to conduct interviews in a “natural state” (Kubota, 1997).
In other words, “a keen methodological stance on the rela-
tionship between oneself and others and reflexivity”
(Yamada, 2004) should dictate how one relates to the
research participant, or “how the researcher contextual-
izes and interacts with the participants determine the
quality of the field and data” (Yamamoto, 2004).
Therefore, the researcher and participants were positioned
in the natural state of a university physical education
class, and the role of the researcher in the field was to act
as a member of the class. That is, the researcher’s position
is to “take the role originally planned in the field and
engage with the participant through that role” (Yamamoto,
2004).

An overview of STEAM education was provided to
participants in the first class. Prior to the interviews, the
purpose and method of this study were explained to all
participants, and the interviews were conducted before
and after the classes. After a preliminary explanation of
the purpose and method of the survey, interviews were
conducted by the author, who had been practicing qualita-
tive research for 25 years before and after the classes,
according to a developed interview guide. The interview
questions were structured into three types: main questions
that addressed central themes; follow-up questions that
were asked in response to the core question and clarified
in greater detail by repeating keywords or phrases in the
response; and a probe that asked for more detail, traced its
meaning, and developed new related questions. The inter-
view was conducted such that the interviewer could move
flexibly from one question to another depending on the
flow of the interview.

The main questions are structured as follows:

(1) What do you consider the characteristics of
science and engineering disciplines in universi-
ties and university physical education? Please
feel free to tell us anything that may come to
mind.

(2) What do you think are the points of contact
between science, engineering, and university
physical education?

Following the responses to these core questions, fol-
low-up questions were developed. Examples of the fol-
low-up questions were as follows: “Can you describe your
feelings at that moment?”’

Interviews were conducted at the teaching site using
face-to-face, one-on-one, semi-structured, open-ended,
in-depth, and focus group. Informal onsite interviews
were conducted during breaks. Each interview lasted
approximately 5-15 min and was conducted multiple
times during each class period.

Although the number of people who could be inter-
viewed at each class session was limited, all participants
were interviewed throughout the ten classes. In terms of
the variation in the participants’ learning experiences at
the university owing to the time difference between the 10
classes, the participants had experienced learning in their
specialized fields at the university for six months prior to
the interview, and their speech was based on such an
experience, so there was no time difference.

Rather than taking the intentionalist position that
meaning is an entity that independently exists inside an
action and is discoverable, we decided to focus on the
mutual exchange nature of the interview from the stand-
point that the interviewer and the participant jointly gen-
erate the narrative, and to include all utterances in the
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analysis.

During the interview, the participants were informed
that their cooperation in the survey was voluntary, that
they could refuse or withdraw at any time, and that the
study would use anonymized data. Consent to use per-
sonal data for research purposes was obtained through
ethical considerations.

Data analysis

We followed the qualitative data analysis methods
described by Coté et al. (1993). After the interviews, the
audio data were immediately transcribed and a verbatim
transcript was generated. After carefully reading the ver-
batim transcripts in context, the parts of the text that
expressed the participants’ experiences and perceptions of
learning at the university, which was the purpose of this
study, were divided into a single coherent group of sen-
tences as a data unit of meaning. The goal is to distance
the analyst from the linguistic data by separating them
from their context. Data obtained from informal onsite
interviews were used to create meaning units. Each
meaning unit was assigned a title as a straightforward
expression of semantic cohesion of the meaning unit.
Next, we grouped meaning units into subcategories by
considering the context of the utterance, and then grouped
them into several subcategories with high affinity and
similarity. The resulting subcategories were grouped
based on their high affinity. The concepts were integrated
into categories, while considering the level of abstraction
and awareness of the unification of dimensions. Figure 1
illustrates the process of our analysis. The upper row of

each process shows the content of the analysis, the left
column of the lower row shows the analysis, and the right
column shows the products created by the analysis.

Validation methodology

To verify the methodological quality of the qualita-
tive research, we examined the quality of the research and
the certainty of the data analysis by means of “credibility”
and “certainty,” than by “reliability”” and “validity,” as in
quantitative research. This is because quantitative and
qualitative research use different paradigms: objectivism
and constructivism. That is, in qualitative research, “peo-
ple’s experiences (reality) do not exist as facts inde-
pendently of their participants, but are viewed as pluralis-
tic things that are subjectively interpreted and internalized
through social contexts and interactions with others”
(Imafuku, 2021), which requires different evaluation
criteria than those of reliability and validity based on the
quantitative research paradigm.

In this study, with regard to “whether the research
results accurately depict the ’truth’ constructed by the
people being studied” (Kubota, 1997) and “the verifica-
tion of authenticity in terms of the realism of the data
obtained” (Flick and Oda, 2011), we think that the inter-
viewer and the participants themselves reflected on their
experiences while building a relationship through multi-
ple interviews. In the building process, they reflected on
their experiences and generated narratives that were in
line with the facts of their experiences, and the credibility
of the data was enhanced through the accumulation of
thick descriptions.

Interview
One to one, semi-structured, open-ended, in-depth | Voice data
Textualization
Contextual understanding, semantic interpretation | Verbal text

N\

Creating meaning unit

Context, one unit one meaning I

Meaning unit

N\

Thematization

Subheadings, Contextual Considerations | Tag

\Z

Subcategory creation

Dialogue lineage, mindfulness | Subcategory
Category creation
Meaningful affinity, dimensional unity | Category

Figure 1 Data analysis process
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Thus, in qualitative research, “meaning is not a
reality that is kept inside the human being, but emerges in
the interaction between the narrator and the listener”
(Yamada, 2004), “truth or fact is assumed to depend on
context” (Tagaki, 2015), “the narrative that is the object of
analysis is not a projection of the narrator’s internal state,
but is constituted by the interaction with the listener, the
socio-cultural context that surrounds both” (Tagaki,
2015), “the narratives that are the object of analysis are
composed of the interaction with the listener and the
socio-cultural context that surrounds both, rather than
being a projection of the narrator’s internal state” (Tagaki,
2015), and by “establishing a relationship of empathy and
trust with the research participant” (Kubota, 1997),
“wrong or distorted information is not received” (Kubota,
1997).

Regarding the certainty of the data and procedures,
which “relates to whether or not the research methodol-
ogy was rigorously conducted” (Kubota, 1997), the data
analysis process was shared with multiple researchers
with more than 20 years of experience in qualitative
research methodology, and the analysis was conducted
through multiple discussions and multiple validations.
This made it possible to “ensure that the researcher’s per-
sonal values and biases are not mixed in with the research
findings and is thought to have increased certainty regard-
ing the data analysis process” (Maxwell, 2013). To
increase certainty, the analysis was supervised by an
expert who has been conducting qualitative research for
over 20 years.

Results

Our analysis identified 194 meaning units. All
meaning units were classified into six subcategories:
knowing with the five senses, various ways of knowing,
the diffusion of ideas, exploring questions, excitement and
immersive pleasant experiences, and joy after suffering.
These were further classified into three categories: various
way-of-knowing experiences, exploratory experiences,
and appealing experiences. The following sections discuss
university students’ views on learning based on these cat-
egories. For convenience, categories are marked with
brackets [x], subcategories with double quotations “x”,
tags with chevrons <x>, and meaning units with single
quotations ‘x’. Regarding the number of responses to an
utterance, the object of consideration in this study is the
“meaning” in the response, and “even a concept found
only once is evaluated as an important concept depending
on its comprehensiveness, symbolism, association with
other concepts, persuasiveness to events and actions, and
a strong relationship with known important concepts”
(Otani, 2017). From our standpoint, we will not indicate

the number of times but only the category items.

Various ways of knowing experiences

The participants described the nature of university
physical education, with its “various ways of knowing,”
as a characteristic of learning through the body, where
awareness and understanding are obtained through
“knowing with the five senses.”

The category of [Various ways of knowing experi-
ences], which integrates these narratives, consists of two
subcategories, “knowing with the five senses” and
“various ways of knowing,” and was created to express
ways of knowing, including ways of utilizing one’s own
body, such as positioning the senses in university physical
education learning, understanding and mastering move-
ments through the body, experiencing them, formulating
strategies for achieving tasks, and materializing them
through expression using one’s body.

One of the participants described the experience of
sensory “knowing” as follows.

To master movement, it is important to know the sen-
sations of the body. The sensation can be visual or
kinesthetic, and differs from person to person. Even
if you understand it in your head, it is difficult to
express it with your body.

Another participant, referring to the sensation of the
tools extending to the body, said:

In physical education class, I tried an event that
1 had never experienced before. 1 felt uncomfortable
with all the movements, but at first the ball did not hit
the racket at all, and I felt the racket was in the way.
But gradually the racket began to feel like an exten-
sion of my hand, and eventually the moment the ball
hit the racket it felt like it was hitting my hand.

One participant also described a sensory experi-
ence as follows.

There are times when I feel the sensation of my own
body. It is as if they become one with their own body
and communicate with it. Its like a flash of inspira-
tion, or a sensory understanding, or something like
that.

One participant who talked about the knack of move-
ment in relation to learning through the senses said

The knack of movement requires subtle sensory
control, and it takes time to be able to do that [...] t
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Table 1 Hierarchical category listing

Category Subcategory

Representative meaning units

Knowing with the
senses

To master movement, it is important to know the sensations of the body.

Gradually the racket began to feel like an extension of my hand, and eventually the moment the ball
hit the racket it felt like it was hitting my hand.

I have the same kind of intuitive inspiration, the same kind of highly accurate sense of how something
should be done.

Various ways

There are times when I feel the sensation of my own body. It’s like a flash of inspiration, or a sensory
understanding, or something like that.

It is important to have a sense of detail, as well as a sense of flow, so to speak, in the image of the
entire movement and how to exert strong and flexible force.

There is an aspect of learning physical education in which actual movements are repeated over and
over again to get a sense of what is going on in the body. This is what makes it different from
specialized studies.

of knowing

experiences
Diverse ways of
knowing
Diffusing ideas

Exploratory

experiences

Even if you feel like you have some idea of what you are doing, when you actually do it, you may find
that you are not quite up to speed yet, or you may discover new issues to be addressed. It’s like you
become aware of it.

I hit the ball with all my senses. In doing so, I find that what I “think I am doing” is not what I am
actually doing.

I need to have a variety of ways of looking at the ball: from the distance, outside the court, where I
can anticipate the trajectory of the ball, position my body on the court, see the ball and hit it; and from
the inside, where I can get inside the racket and feel my own body.

In specialized studies, when I get absorbed in something, my perspective sometimes becomes narrow
and I get stuck, so I try to distance myself a little and look at it from different fields and perspectives.

Deepening inquiry

I often make mistakes. When that happens, I think hard about why I made the mistake, where the
cause is, what I can do to improve, and what I need to pay attention to.

I think it is important to correct the misalignment in order to understand and be able to do so. The
first prerequisite is to become aware of the misalignment. After that, I think it is a good idea to
gradually focus on it.

It is a very good cue for me to think and practice on my own, as my peers point out things that I am
not aware of.

Exciting and
immersive pleasant
experience

It is not just trying to reproduce a given correct movement, but the process of thinking this way and
that, not giving up, and continuing to look for ways to do it better, or to do it better, is fun.

In my case, I like to know the unknown. I think learning about physical education would be more
exciting if there was a way of knowing that stimulates curiosity.

I was depressed because I could not hit the ball very well. One day, I swung the bat as hard as I
could and the ball hit the ground. At that time, I was more happy that my friends were so happy than
that I got a hit.

Fascinating

experiences In class, I often get stuck because I can't do the move I want to do well. At such times, I would
observe the movements of my classmates and try to get a feel for them by tracing the movements
with my imagination. When I was able to do it, I was very happy.
Joy after sufferin It is difficult because even one’s own body does not always move as one would like, but when one
y € overcomes this difficulty and is able to do so, one feels as if one has finally connected with one’s own
body.
If you don't try to figure it out right away, but keep asking why and why not, you may have an
epiphany. It is important to struggle.
is just like studying in a specialty field: you accumu- saying,

late what you can do and then you understand the

whole picture.

He overlapped the importance of accumulating
through trial and error with the study of specialty fields in
science and engineering.

Another participant, in discussing the “various ways
of knowing,” mentioned learning the tricks of the trade,

1t is important to have a sense of detail, as well as a
sense of flow, so to speak, in the image of the entire
movement and how to exert strong and flexible force.

Another participant said, “There are things that look
like actual body movements and things that don’t look
like the sensation of moving,” and he described “various
ways of knowing” as a characteristic of physical
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education learning, saying, “We grasp the sense of
knowing and being able to do things in various ways, such
as seeing, moving, feeling, imitating, touching, and so
on.” This is a characteristic of physical education. One
participant described this point as “something like tacit
knowledge.”

The recognition that a sensitive and comprehensive
sensory understanding, represented by such tacit knowl-
edge, is required in the physical education of university
students is also discussed in conjunction with the study of
specialized fields in science and engineering. In this
regard, one of the participants said the following.

When I study science and engineering, I have the

same kind of intuitive inspiration, the same kind of

highly accurate sense of how something should be
done. I can treally explain it, but it s like I know what
it is.

Another participant said,

In science and engineering studies, you learn by
breaking down phenomena into their elements,
reconstructing  them, and advancing  your
understanding.

In science and engineering studies, there is a way to
learn by breaking down a phenomenon into its ele-
ments, reconstructing them, and advancing your
understanding, but there is also a way to suddenly
understand. It is the same feeling as when you are

playing in gymnastics and you think, “Oh, this is it.”

One student described the difference between learn-
ing in physical education and learning in a specialized
area of science and engineering as follows.

While professional learning has an image of concep-
tualization and understanding of knowledge and
skills, there seems to be a gap between that under-
standing and the reality of movement learning in
physical education. It is as if we can't do something
even if we know what we are doing. I think that is the
difference.

Another student described the differences between
science and engineering as follows:

In my specialized studies, I learn by learning from
various people, reading books, and actually touching
and understanding through experiments and obser-
vations. In physical education, I feel that it is sur-
prisingly difficult to reach the point of being able to

do something just by doing that. I think the difference
is in the repetition of exercises, or in the acquisition
of actual movements over and over again to get a
sense of what is going on in the body, or in the knowl-

edge of the body.

Exploratory experiences

When students find clues to solving a physical exer-
cise task sensitively and intuitively through a variety of
knowing experiences, they become deeply involved in
problem-solving behaviors, such as “I want to be able to
do it somehow,” “I want to become better at other move-
ments,” and “There must be another way to do it.”

The category of “exploratory experience,” in which
these narratives are integrated, consists of two subcatego-
ries, “diffusion of ideas” and “exploring questions,” and
was created to represent the experience of further deepen-
ing the knowing and understanding experience, generat-
ing various ideas by thinking in various directions, and
deriving the correct answer from the problem situation at
hand. One participant described the experience of “diffus-
ing ideas” as follows.

Even if you feel like you have some idea of what you
are doing, when you actually do it, you may find that
you are not quite up to speed yet, or you may dis-
cover new issues to be addressed. It s like you become
aware of it. The reality of movement is complex and
various factors are interrelated, so it is not simple. [
feel that through actual movement, we can solve
each problem one by one and come to understand.

Another participant described the idea of using
various senses to perceive one’s own movements from
multiple perspectives as follows:

1 hit the ball with all my senses. In doing so, I find
that what I “think I am doing” is not what I am actu-
ally doing.

One participant captured his body and movements
by widening and changing his perspective. In this regard,
he states:

I need to have a variety of ways of looking at the
ball: from the distance, outside the court, where I can
anticipate the trajectory of the ball, position my body
on the court, see the ball and hit it; and from the
inside, where I can get inside the racket and feel my
own body.

Another participant, referring to his trial-and-error
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experience, described how “deepening inquiry” leads to
the learning of movement.

I often make mistakes. When that happens, I think
hard about why I made the mistake, where the cause
is, what I can do to improve, and what I need to pay
attention to. Learning through trial and error is also
a way to accumulate experience as I gain the knack
of doing things my own way.

One mentioned the usefulness of advice from others
to “deepen the inquiry,” stating,

1 think it’s a good thing to have advice from others to
help you deepen the inquiry.

One of the participants contrasted this experience of
learning through repeated “diffusion of ideas” and
“exploring of questions” with learning in a specialized
field of science and engineering. He said,

In specialized studies, when I get absorbed in some-
thing, my perspective sometimes becomes narrow
and 1 get stuck, so I try to distance myself a little and
look at it from different fields and perspectives. In a
sense, this may be the same as learning about
movement.
However, one student described the difference
between learning in physical education and learning in a
specialized area of science and engineering as follows.

There is a gap between what we think we understand
and what we really understand, a gap between what
we think we understand and what we do not under-
stand, and such gaps also exist in professional learn-
ing. But I think the discrepancy is greater when
learning about movement.

1 think it is important to correct the misalignment in
order to understand and be able to do so. The first
prerequisite is to become aware of the misalignment.
After that, I think it is a good idea to gradually focus
on it.

Fascinating experience

All of the participants mentioned the attractiveness
of successful experiences, the “feeling of fun,” and the
“sense of fulfillment of having done something.” They
also describe the emotional impact of university physical
education and its influence on stimulating learning. The
fascinating consists of two

experience category

subcategories: exciting and immersive pleasant experi-
ences, and joy after suffering. They were created to
express their experiences of fun, excitement, accomplish-
ment, and self-competence through their efforts to deal
with the challenges they faced.

Regarding the enjoyment of physical exercise, one
participant described the experience of being “excited”
while experiencing the joy of physical exercise as follows:

1 think the fun of physical exercise is in trying to
figure out what the goal should be. It is not just trying
to reproduce a given correct movement, but the
process of thinking this way and that, not giving up,
and continuing to look for ways to do it better, or to
do it better, is fun. Maybe that’s what it means to
learn through one's own body.

Another participant mentioned an experience in
which he felt great joy when his peers praised him for
something he had done, and described his “feelings of
fun” as follows:

Iwas depressed because I could not hit the ball very
well. One day, I swung the bat as hard as I could and
the ball hit the ground. At that time, I was more
happy that my friends were so happy than that I got
a hit.

Another participant, referring to his experience of
finally succeeding after repeated failures and hard work,
describes the “joy after suffering” as follows.

In class, I often get stuck because I can't do the move
I want to do well. At such times, I would observe the
movements of my classmates and try to get a feel for
them by tracing the movements with my imagination.
When I was able to do it, [ was very happy. This is
one of the charms of learning together with friends,
rather than alone in university physical education.

One of the participants contrasted these “excitement”
experiences and “joy after suffering” with learning in the
specialized fields of science and engineering:

Learning about your favorite specialty is exciting. It
is intriguing and intellectually stimulating. In my
case, I like to know the unknown. I think learning
about physical education would be more exciting if
there were ways to learn that pique my curiosity. For
example, it would be nice to learn about the materi-
als engineering of balls and bats, the mathematics of
formations, the mechanics of the human body, and so
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on.

Another student described the difference between
learning in physical education and learning in a special-
ized area of science and engineering as follows:

Physical education differs from specialized studies in
that it involves the use of the body. In addition, it is
difficult because even omnes own body does not
always move as expected, but when one overcomes
this difficulty and is able to do so, one feels as if one
has finally connected with one’s own body. I don't
think this is a specialized study.

Finally, one participant mentioned the importance of
the experience of struggling in learning, saying, “I think
it’s important to have the experience of struggling.”

I can't do a movement that I can 't do right away. So,
1 try to find out what it feels like while accepting the
state of not being able to do something in a certain
way. Then, I feel as if I can suddenly understand
something, and that is when I start to be able to do it.
The same thing happens in professional learning. If
you don't try to figure it out right away, but keep
asking why and why not, you may have an epiphany.
1t is important to struggle.

Discussion

This study considered the significance of learning
through the body in university physical education by
examining university students’ perspectives on learning
and its role in STEAM education. Such an attempt was
not simply to explore the contents and methods of univer-
sity classes and propose solutions to problems, but also to
question the existing framework of university physical
education learning, to find a fusion point between univer-
sity physical education learning and STEAM education
learning, and to examine how to recognize the value of
university physical education learning today as one per-
spective, given the shift toward learning that creates
value.

The results of the analysis revealed that science and
engineering students’ perceptions of university physical
education comprised three categories: various knowledge
experiences, exploratory experiences, and attractive
experiences.

The participants of this study, university students in
the fields of science and engineering, described their
experiences of learning as college athletes, repeatedly
pursued exploratory questions, and explored a variety of
ideas while deepening their inquiry into the causes of

failure and the nature of problems in their physical exer-
cise experiences that did not easily lead to problem
solving. Simultaneously, they repeatedly took a bird’s eye
view of the whole and a concentrated, in-depth pursuit of
the particular. Such repeated experiences of diffused and
convergent thinking are critical to cultivating creativity in
STEAM education (Watanabe et al., 2019) and common
sensory learning in health and physical education (Suzuki
et al., 2014). In this regard, the participants reconfirmed
the characteristics of university physical education learn-
ing as the construction of a new relationship through the
body, in which they faced their own bodies and senses by
solving problems such as unknown exercise experiences,
various discomforts, and gaps in body sensation felt in the
process of acquiring movements. At the same time, such
points are seen as places for intuitive understanding and
sensory learning experiences that can be applied to spe-
cialized learning in the science and engineering fields.
They are challenged by the prospect of “I wonder if I can
do this if I do this and that” and “Maybe I can do it if I do
it like this,” and by solving problems. They were trying to
solve problems with their intuition, “Maybe if we do it
this way, we can do it.” This was not simply a process of
blind trial and error with repeated failures, but rather a
series of problem solving based on intuition and tacit
knowledge, which led to a double-loop structure of learn-
ing that generated a new learning loop by involving
sensory information in the hypothesis-testing loop
(Kitamura, 2021).

Hiraku et al. (2020) note that these double-loop
learning experiences are characteristic of the view of
learning in college athletes, and it can be inferred that this
is a factor highly relevant to the art approach in STEAM
education. It is a way of learning that involves awareness
and understandability through the senses, as well as
knowledge and skills that can be understood logically;
through many failures, it helps in integrating various ways
of knowing and leads to comprehensive judgment
(Kitamura and Takahashi, 2018), in which knowledge is
based on the body.

This double-loop learning experience is common to
the intuitive understanding of science and engineering;
that is, it is an intuitive design thinking style, in which the
whole is grasped by inspiration rather than by breaking it
down into its elements and reconstructing it for under-
standing (Shirai, 2020; Kitamura, 2020). Furthermore,
such body-based learning experiences lead to self-growth
in that they bring about inquiry-based learning with diver-
sity and comprehensiveness. This can be inferred from the
fact that the participants felt a sense of self-competence as
they became aware of their progress through accomplish-
ment and success, and experienced an exciting emotional
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experience in which they were exposed to the guts of
movement, which led them to engage in further learning
physical exercise with rich diversity and sophistication.

Based on this discussion, we believe that the dou-
ble-loop learning experience expressed in body-based
learning and the design thinking style expressed in sensory
awareness through body movements, which are expressed
in university students’ views of university physical educa-
tion, may be positioned as a STEAMS education that
develops a new element of creativity thereof. Here, we
find a clue to the uniqueness of the study of college phys-
ical education.

Figure 2 shows the relationship between the three
categories as a tentative plan for STEAMS education in
university physical education. The three categories in the
center represent the elements of the participants’ views on
learning college athletics. STEAM education, as profes-
sional learning in the field of science and engineering that
includes an element of the arts, overlaps with the view of
learning among college athletes. Further, STEAMS edu-
cation is presented to overlap with this view of learning
among college athletes and STEAM education. The
factors that relate learning in science and engineering
fields, which are at the heart of STEAM education, to
learning in university physical education have been shown
to be unique, based on physicality in university physical
education and awareness of the body.

Conclusion

The structure of the relationship between science and
engineering students’ perspectives on learning in college
athletes in this study was inferred to be one that deepened
students’ inquiries through various ways of knowing and
experiencing joy in doing so. The results suggest that it is
important to set up learning opportunities rich in such
diversity, guarantee opportunities to deepen questions,
and question the nature of STEAMS education that accu-
mulates experiences that motivate people to create and
develop creative human resources at universities. Practical
implementation and verification of the concrete develop-
ment of these issues will remain future issues.
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