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Introduction

In the traditional educational curricula, subjects are often taught
in isolation and disconnected from each other (Hristovski et
al., 2020). By failing to recognise the interconnectedness of
knowledge across disciplines, learners miss opportunities to
apply what they have learned to real-world problems (Adams,
2015; Bautista et al., 2018). Research shows that students who
were taught in a fragmented manner had limited transferability
of knowledge to new contexts (Ball, 2000). More concretely,
standard instructional practices in undergraduate teaching, such
as traditional lectures, laboratory, or recitation courses, are
ineffective at helping students to master and retain important
concepts of the disciplines over the long term (Wood &
Gentile, 2003). Moreover, these practices do not adequately
develop the integration of knowledge and collaborative
problem-solving competencies needed to face the problems
of the modern world.

In contrast, students who received a more integrated
education (e.g., problem-based learning or inquiry learning)
demonstrated higher levels of understanding of the topic
and could better apply their knowledge effectively (Hmelo-
Silver et al., 2007). However, the use of subject-specific
vocabulary in different disciplines makes it challenging to
implement transdisciplinary approaches (Hristovski, 2013;
Hristovski et al., 2020). A transdisciplinary approach to
education focuses on solving problems that require the
interconnection of knowledge across disciplines, blurring
the boundaries to generate new knowledge (McGregor, 2015).
For example, in sports sciences, experts such as physiologists,
psychologists, sociologists, biomechanics, sports coaches,
and data analysts may face communication barriers due to
differences in scientific terminology and approaches. In such
cases, a common scientific language could facilitate their
understanding, which is crucial for the progress of science
and society.

To understand and unify approaches in science, general
concepts and principles that can explain different phenomena
(e.g., fatigue, injuries, performance, etc.) are needed. The
Dynamic Systems Theory (DST) offers a comprehensive set
of interconnected general concepts and principles that have
been empirically identified (Hristovski, 2013; Hristovski et
al., 2014, 2019). Using DST concepts can help to understand
phenomena and dynamic processes from a broad spectrum of
scientific disciplines (i.e., from elementary particles and fields
to sociology) and integrate knowledge. This includes sports
sciences (Balagué et al., 2017; Vazquez, 2017; Hristovski,
2013) with its multilevelness and multidimensionality. In this
sense, DST has the potential to provide a basic understanding
of diverse phenomena from various academic disciplines.

Integrating knowledge in higher education: using body experiences to enable transdisciplinarity based on Dynamic Systems Theory general concepts

When researching the effectiveness of transdisciplinary
educational interventions, short questionnaires completed by
students are commonly used (Takeuchi et al., 2020; Lage-
Gomez & Ros, 2021). In particular, questionnaires tailored
to the content appear to be the most suitable since assessing
objectively knowledge transfer is challenging. In this case, the
utilization of constructed-response items, also known as open-
ended questions, are assessment items that require generating
aresponse rather than selecting it from a set of options. These
questions offer students valuable opportunities to justify
their answers and prove to be a beneficial learning approach
(McCarthy, 2005). Open-ended questions are commonly used
in various forms of assessments, such as educational exams,
surveys and interviews. Liu et al. (2011) proposed applicable
criteria for particularly assessing knowledge integration through
short questionnaires.

On the other hand, learning by experiencing first can
be more effective in consolidating theory for students. For
example, body movement experiences have been used to
study concepts in mathematics, physics, biology, music,
or culture (e.g., interdisciplinary physical education [Cone
et al., 2009]) or transdisciplinary concepts in primary and
secondary education (Almarcha et al., 2022; Almarcha et al.,
2023). These experiences have shown better outcomes when
working in groups because of the extent of collaborative
peer learning (Magin, 1982). One example of practical
experience to explain theoretical subjects in university
settings is the study conducted by Hernandez (2019),
where students learned the kinematics of bicycle physics
by riding a bicycle. Another university experiment showed
that a centre for “learning how to learn”, based on learning
through teaching, reduced attrition and improved tuiton
and student skills (Wankowski, 2007).

The Synthetic Understanding through Movement
Analogies (SUMA) educational framework arises from the
need to help acquiring general DST concepts and integrate
disciplines through embodied learning (Hristovski et al.,
2020). That is, the understanding of concepts and principles
through somatosensory, perceptual and re-experiencing
actions without segregating action and thinking processes
as two unrelated realms (Niedenthal, 2007; Stolz, 2015;
Skulmowski & Rey, 2018). Based on this framework, we
hypothesised that learning through embodied experiences
will positively affect acquiring general DST concepts and
their transfer role among phenomena in university settings.

This research aimed to evaluate the educational
potential of experiencing some DST concepts (see Table
1) for enhancing integration and transfer of knowledge
among higher education students of sports sciences. This

PHYSICAL EDUCATION I

Apunts Educacion Fisica y Deportes | www.revista-apunts.com

2024, Issue 158. 4th Quarter (October-December), p. 26-33

27


http://www.revista-apunts.com

M. Almarcha et al.

Table 1

Integrating knowledge in higher education: using body experiences to enable transdisciplinarity based on Dynamic Systems Theory general concepts

Dynamic Systems Theory (DST) general concepts’ used during the sessions followed by the experimental group (all the proposed
concepts are retrieved or derived from SUMA educational framework [Hristovski et al., 2020]. The derived concepts are marked by an

asterisk).

DST Concepts

Definition

Self-organization

Synergies*

Emergence

Nestedness*
Dynamic system System changing over time.
Stability
Instability

Phase transition state.

Attractor .
over time.

Repeller

Constraint/context

Spontaneous process where some form of overall order arises from local or global interactions
between parts of an initially disordered system.

Spontaneous formation of structural and functional couplings among components, which
reciprocally compensate each other with respect to the context, to achieve task goals.

Radical novelty in the higher-level behavior of systems resulting from interactions in the lower-level
components within those systems.

Larger to smaller emergent levels of organization. Smaller modules, each of them providing a
certain function, are used within larger modules that perform more complex functions.

Resilience to perturbations. The necessary and sufficient condition for the existence of any
system’s behavior/structure.

The behavior/structure of a system which tends to vanish and switch to a stable state.

The spontaneous qualitative change of the system as a result of the instability of the previous
Behavioral or structural states toward which, under some specific context, the system converges

Unstable state of system’s behavior.

Boundary conditions, limitations that apply restrictions to the degrees of freedom of a system.

' Synergies and nestedness are not truly DST concepts but are derivable from them and have a wide explanatory scope within the

bio-psycho-social sciences.

study aimed to evaluate the effectiveness of learning DST
concepts (see Table 1) for enhancing integrative knowledge
and transdisciplinarity among higher education students
of sports sciences.

Methods

Participants

Two hundred eighty-seven first-cycle degree program
students of sports sciences aged between 18 and 36 years
old (M =20.07 + 3.85) from the same faculty participated in
the study. Two class groups with no significant differences
in average sex, age, and educational interest were selected
for the study. A total number of 147 students (37 women
and 110 men) were assigned to the experimental group
(EG) and 140 (34 women and 106 men) to the control
group (CG). The female representation reflected the gender
distribution of the whole degree program. Students were
not previously introduced to or familiar with DST concepts.
Once the intervention was explained, the students gave
informed consent to participate. The institution and the
local research ethics committee approved the research
(072015CEICEGC). The data was coded anonymously
to ensure confidentiality, adhere to university ethics, and
comply with relevant guidelines and the principles of the
Declaration of Helsinki.

Procedure

The study was conducted in the university faculty
and integrated into the teaching general program. The
intervention lasted 12 weeks and had a frequency of two
theoretical lessons and one practical lesson per week of
90 minutes each. It was led by an experienced teacher
who applied DST concepts and two researchers working
in the same field.

During class time, on the first day and at the end of the
intervention program, all participants filled out a demographic
form and the Integrative Knowledge Questionnaire (see
Evaluation section). Then, the EG followed the intervention,
while the CG did not participate. Both groups continued
with the university-programed lessons.

Intervention program

The intervention program consisted of two phases: a)
preparatory and b) team’s work oral participation in a
symposium.

a) Preparatory.

The preparatory phase consisted of three learning phases
(adapted from Hristovski et al., 2014, and Kolb, 1984):

1. Embodied learning: Experiencing the general
DST concepts (see Table 1) through physical activities
(11 sessions). For example, the stability, instability, and
phase transition concepts were experienced through the
dynamics of task-related and task-unrelated thoughts during
an incremental cycling task, or the intra- and interpersonal
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synergies of body components were experienced through
a cooperative dyadic task on a slackline.

2. Far-transfer transdisciplinary: During each practical
session, the teacher guided the students to answer specific
questions to relate the body experiences with the general
DST concepts (11 sessions). For instance, when the students
recorded their thoughts during an incremental cycling task,
they were asked to explain how they related the changes in
their thought patterns with stability, instability, and phase
transition, among others.

3. Theoretical lessons on general DST concepts (11
sessions). The theoretical lessons consisted of explaining
each DST concept by providing examples of different
phenomena.

b) Team’s work participation in a symposium.

With the purpose of applying and experimenting the
transdisciplinarity of general DST concepts, students
prepared team works to be presented in a symposium. Student
groups with common theoretical and practical interests (4-5
members) selected a topic or phenomenon related to health,
sports performance, or education to be explained using DST
general concepts. Moodle platform chats were used to avoid
topic overlaps when selecting topics. Once the topics were
assigned to the teams, students worked collaboratively to
submit an abstract (including authors, title and references)
to participate in the symposium. When the abstract was
accepted by the teachers, they could present their works
orally. A period of two weeks was left for correcting and
resubmitting abstracts. During the process, the teachers

Integrating knowledge in higher education: using body experiences to enable transdisciplinarity based on Dynamic Systems Theory general concepts

offered additional support, providing regular tutoring and
follow-up discussions to ensure that every team could satisfy
the rubric of the oral presentations (see Table 2).

The symposium program was scheduled for six sessions
covering the following general topics: nutrition, health, injuries,
performance, team sports, and education. Each presentation
lasted 12 min plus 10 min of questions. After each presentation,
all students and teachers scored the oral presentations and
discussions following a rubric (Hafner & Hafner, 2003) (see
Table 2), and added a comment to justify the score.

Evaluation
Knowledge Integration Questionnaire

Students had to answer the following questions:

1. Do you think it is scientifically interesting to explain
any natural phenomenon using the same general DST
concepts?

2. (2.1) Can you identify common DST principles in
biological, psychological, and sociological processes? (2.2)
Which ones?

3. Can you use the general DST concepts to explain a
phenomenon such as a social revolution? Please justify it.

4. And for explaining an organic injury? Please justify it.

The content validity of the questionnaire was established
by two researchers with 30 years of experience in using DST
concepts and evaluated by a researcher from the SUMA
project (Hristovski et al., 2020). The assessed inter-item
reliability of the questionnaire, measured through Cronbach’s
alpha, was a =.92.

Table 2
Rubric embedded in the form to evaluate the team presentations.
Punctuation
Percentage
ltems Excellent (4) Good (3) Adequate (2) Deficient (1) of
qualification
Good domain of the Understand the explained -
. Need some rectifications .
Integration concepts and respond phenomenon but have Have no understanding
e 1 . about the usage of the 40 %
of concepts  coherently to the difficulties to link some of the concepts.
. concepts.
questions. concepts.
The presentation The present.a.ltloq The presentation There is no
e shows planification, shows some )
. shows planification and L . collaboration
Collaborative . but some members planification, but with
collaborative work. All - . or even no 40 %
work . present deviations different levels of L
the members participate ) L participation by the
. from the group’s participation among
actively. members.
framework. the members.
- Original topic. Adequate Original topic. Non-original topic. Non-original topic.
Originality . . Adequate but few ) .
; and attractive visual . ) Adequate visual Inadequate visual 20%
and quality attractive visual

support. support.

support. support.
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Evaluation of the team presentations

All students were required to assess the work of the other
teams using an online form linked to a rubric. The rubric
had three items —“integration of concepts”, “collaborative
work”, and “originality and quality”— each of which was
evaluated on a 4-point scale ranging from 1 (deficient) to
4 (excellent). Table 2 displays the rubric items and the

percentage of grades used to evaluate the team presentations.

Students’ satisfaction survey

Post intervention, a students’ satisfaction survey was
administered to collect the acquired competencies in
integrating and transferring knowledge and the collaborative
learning benefits.

Data Analysis

Knowledge Integration Questionnaire

Descriptive statistics were used to interpret the quantitative
data. The percentages of Yes/No answers for questions 1 and
2.1 and the correct/incorrect answers in 2.2, 3 and 4 in pre-
and post-intervention were calculated for the EG and CG. A
Chi-square test of independence was performed to compare
the differences between the groups, while McNemar’s test was
used to compare the results for each question within groups.

Evaluation of the team presentations

The mean and standard deviation (SD) of the students’ and
teachers’ marks (out of 10) associated with the first item
of the rubric (use of general DST concepts to explain the
phenomenon under study) was calculated to evaluate their

Integrating knowledge in higher education: using body experiences to enable transdisciplinarity based on Dynamic Systems Theory general concepts

integrative and transdisciplinary knowledge. The mean
and SD of the students’ and teachers’ marks (out of 10)
associated with the other three items were respectively
calculated. The mean final marks provided by students and
the consensual marks of the teachers for each presentation
were compared through Spearman’s rank correlation. For all
statistical analyses, SPSS 23.0 (SPSS, Chicago, IL, USA)
was used and the significance alpha level was set at p <.01.

Students’ satisfaction survey
The percentage of responses to every question of the students’
satisfaction survey was calculated.

Results

Knowledge Integration Questionnaire
Table 3 displays the percentage of responses for both groups.
Before the intervention, as neither group had knowledge
of the general DST concepts, almost no student could
answer questions 2.2, 3, and 4. However, both groups shared
similar responses in questions Q.1 (x> = 0.119, p = .827),
Q.2.1 (x*=0.733, p = .858) and Q.4 (x> =0.289, p = .960).
Contrarily, post intervention the differences between groups
were significant in every question Q.1 (x?>=81.428, p <.001),
Q.2.1 (x*=152.821,p<.001), Q.2.2 (x> = 186.998, p < .001),
Q.3 (*=163.596, p <.001), and Q.4 (x>*=181.583, p <.001).

When comparing differences within groups, the CG did
not differ between pre and post Q.1 (x>=3.00, p =.083), Q.2.1
(x*=2.00,p=.157),Q.2.2,Q.3 and Q.4 (x>*=1.00, p = .317).
In contrast, the EG presented significant differences in Q.1
(x*=77.00,p <.001), Q.2.1 (x*=111.00, p <.001), Q.2.2
(x> = 118.00, p < .001), Q.3 (x> = 109.00, p < .001), and
Q.4 (x*=116.00, p <.001).

Table 3
Percentages of responses to the Knowledge Integration Questionnaire.
CG (n = 140) EG (n = 147)
Questions Pre Post Pre Post
Yes Yes Yes Yes/correct

1. Do you think it is scientifically interesting to explain any natural o o o .
phenomenon with the same concepts? 44 (31 %) 47 (34 %) 49 (33 %) 126 (86 %)*
2.1 Can you identify common principles of CAS and general concepts 23 (16 %) 25 (18 %) 22 (15 %) 133 (90 %)" +

of DST in biological, psychological and sociological processes?

2.2 Which ones?

3. Can you use the general concepts (attractors, instability, variability,
synergies, etc.) to explain a phenomenon such as a social revolution?

4. And for explaining an organic injury?

1 071%) 1 (071%) 2 (1.36%) 118 (80%)+

1 071%) 1 (071%) 2 (1.36%) 109 (74 %) +

1 071%) 1 (071%) 2 (1.36%) 116 (79 %)* t

Notes: *Significant differences when compared with the post-CG data. 1 Significant differences when compared with the pre-EG data.
CG = control group, EG = experimental group; CAS = complex adaptive systems, DST = dynamic systems theory. 2.2 question was a

descriptive response to confirm 2.1 question.
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Table 4
Percentages of responses to the students’ satisfaction survey.

Integrating knowledge in higher education: using body experiences to enable transdisciplinarity based on Dynamic Systems Theory general concepts

Students’ responses (n = 114)

Survey questions Not at all A little Neutral Very Very much
1. Are you satisfied with what you learned in the course? 10 (8.78 %) 5(4.38%) 11 (9.65%) 60 (52.63%) 28 (24.56 %)
2. Would you like to keep learning these concepts as well o o o
as their application at different levels? 6(5.26%) 7(6.4%) 18(15.79%) 55(48.25%) 28 (24.56 %)
3. Do you think that collaborative learning (symposium,
co-evaluation, etc.) has helped you to go deeper into the 8 (7.02 %) 5(4.38%) 16(14.04 %) 35 (30.70%) 50 (43.86 %)

course’s knowledge?

Evaluation of the team presentations

A total number of 54 works with different topics of
interest were evaluated. Integration of knowledge (item
1) was assessed with a mark of 8.43 + 0.88 (Min = 5.35,
Max = 9.70), the team’s collaborative work (item 2) with
a mark of 8.91 = 0.45 (Min = 7.55, Max = 9.55), and the
originality of the work (item 3) with a mark of 8.52 + 0.55
(Min = 6.72, Max = 9.47). Teachers’ and students’ final
marks (7.36 = 1.65 and 8.18 + 0.96, respectively) showed
a positive correlation (rho = 0.8, p < .01) and confirmed
the objectivity of the judges.

Students’ satisfaction survey

The survey was responded by 114 students, of which 77.19 %
were satisfied with the intervention, 72.81 % expressed the
will to continue learning to apply DST concepts to different
psychobiological and sociological phenomena, and 74.56 %
expressed that collaborative learning helped them to deepen
their knowledge (see Table 4 for further information).

Discussion

The intervention results revealed that by experiencing the
general DST concepts, students could integrate and transfer
knowledge effectively, leading to an increased interest in
explaining natural phenomena using the same concepts. Their
grades supported this outcome and demonstrated their ability
to apply the general DST concepts to the selected topics of
interest. The positive correlation between the marks awarded
by the students and teachers confirmed the objectivity of
the assessment. Additionally, the students agreed that the
team’s collaborative dynamics was an efficient strategy for
achieving the purpose of the intervention.

The intervention significantly impacted the EG’s
integration and transfer of knowledge abilities. Meanwhile,
the CG showed no improvement, which can be attributed
to their lack of exposure to learning DST concepts. In
turn, the increase of integrative and transfer knowledge
abilities of EG can be attributed to several aspects of the
intervention program. First, the sessions were designed to

experience the DST concepts through embodied learning,
which have gained some popularity in education due to
their effectiveness in enhancing cognitive abilities and
improving knowledge retention (Clary & Wandersee, 2007,
Schwartz-Bloom et al., 2011; Spintzyk et al., 2016). When
general concepts were embodied, explained and identified
in different phenomena, the capacity to transfer knowledge
among disciplines improved. It is worth mentioning that
transdisciplinarity was based on DST concepts but not
transferred by themselves. DST concepts connect two or
more different phenomena and hence transfer the knowledge
from the source phenomenon to the target phenomenon.
Transdisciplinarity is realised when students connect different
phenomena in the later parts of the learning. Hence, the
reflective observation of these experiences involved the
comprehension, abstract conceptualisation, transference,
and retention of the general DST concepts. These results
are consistent with those reported by Almarcha et al. (2022,
2023) in primary and secondary school.

The symposium’s organization created an ideal
environment for students to understand different phenomena,
transfer the knowledge to topics that are of personal interest,
and thus acquire transdisciplinary competencies. According
to Cabrera et al. (2017), allowing students to work on a
meaningful topic contributes to improving their motivation.
Prince (2004) agreed that optimal learning comes from active
engagement with the material being taught.

Also, a collaborative, supportive and pleasant classroom
atmosphere contributed to the emergence of students’
questions and arguments, which can often be more valuable
than the lessons themselves. Classroom interactions between
teachers and students seem more effective than traditional
teaching methods and active learning situations in promoting
participatory engagement (Bartlett & Ferber, 1998; Smith
& Cardaciotto, 2011; Yoder & Hochevar, 2005).

The Knowledge Integration Questionnaire and
satisfaction survey results showed that students believed
they had improved their knowledge integration and transfer
skills, became more interested in science, had a positive
experience with collaborative learning, and that working on
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a relevant topic had boosted their motivation and creativity.
The satisfaction survey data showed that the discussions and
tutoring during the entire learning process helped students
consolidate their learning. As Ko and Mezuk (2021) found,
the teachers’ tutorial guidance and internal group discussions
seemed key to the intervention’s success.

Despite the strengths of this study, some limitations must
be considered. First, the long-term effects of the intervention,
such as the future professional implications of learning these
concepts at the university, have yet to be evaluated. Also,
as suggested by Hristovski et al. (2020), according to the
SUMA framework, most educational interventions ignore
the importance of embodied experiences in learning. Future
interventions may enhance the learning process of general
DST concepts using an embodied learning approach, as
highlighted in this and previous studies (Almarcha et al.,
2022, 2023; Hristovski et al., 2014).

Additionally, we did not conduct a gender analysis of
the results due to the small number of female participants
compared to male participants. We suggest incorporating
interviews throughout the academic program to better
understand how students develop knowledge transfer
competencies during the intervention.

Future research should continue to investigate the
potential of general DST concepts not only at any education
level, but also in professional fields like interdisciplinary
sports teams.

Conclusion
The intervention highlighted that learning DST concepts
using body experiences and applying them to sports science
phenomena effectively fostered integrative knowledge among
higher education students. This transdisciplinary knowledge
can potentially provide a shared understanding among
different disciplines either for sports sciences (e.g., physiology,
biomechanics, psychology, etc.) or other areas of knowledge.

Acknowledgements
We thank the students who have made this educational
experience possible.

References

Adams, N. E. (2015). Bloom’s taxonomy of cognitive learning objectives.
Journal of the Medical Library Association: JMLA, 103, 152.
https://doi.org/10.3163/1536-5050.103.3.010

Almarcha, M., Martinez, P., Balagué, N., & Hristovski, R. (2022).
Embodied transfer of knowledge using dynamic systems concepts in
high school: A preliminary study. Human Movement Science, 84, 102974.
https://doi.org/10.1016/j.humov.2022.102974.

Integrating knowledge in higher education: using body experiences to enable transdisciplinarity based on Dynamic Systems Theory general concepts

Almarcha, M., Vazquez, P., Hristovski, R., & Balagué, N. (2023).
Transdisciplinary embodied education in elementary school: a real
integrative approach for the science, technology, engineering, arts,
and mathematics teaching. Frontiers in Education. 8:1134823.
https://doi.org/10.3389/feduc.2023.1134823

Balagué, N., Torrents, C., Hristovski, R., & Kelso, J. A. S. (2017). Sports
science integration: An evolutionary synthesis. European Journal of Sport
Science, 17 (1), 51-62. https://doi.org/10.1080/17461391.2016.1198422

Ball, D. (2000). Bridging practices. Intertwining Content and Pedagogy in
Teaching and Learning to Teach. Journal of Teacher Education, 51(3),
241-247. https://doi.org/10.1177/0022487100051003013

Bartlett, R. L., & Ferber, M. A. (1998). Humanizing content and pedagogy
in economics classrooms. Teaching Undergraduate Economics: A
Handbook for Instructors, Boston, MA: McGraw-Hill.

Bautista, A., Toh, G. Z., Mancenido, Z., & Wong, J. (2018). Student-
centered pedagogies in the Singapore music classroom: A case study
on collaborative composition. Australian Journal of Teacher Education,
43, 1-25. https://doi.org/10.14221/ajte.2018v43n11.1

Cabrera, A., Dueias, C., Elvira, J., Urbieta, M., Raya, M., Osella, E.,
Romero, M., Mayén, M., Domingo, T., & Diaz, M. (2017). Congreso
del alumnado como herramienta para el desarrollo de habilidades
competenciales en los Grados de Educacion Infantil y Primaria.
Education, 3, 61-67. https://doi.org/10.2107 1/ripadoc.v3i0.9965

Clary, R. M., & Wandersee, J. H. (2007). A mixed methods analysis of
the effects of an integrative geobiological study of petrified wood in
introductory college geology classrooms. Journal of Research in Science
Teaching, 44, 1011-1035. https://doi.org/10.1002/tea.20178

Cone, T. P., Werner, H., & Cone, S. L. (2009). Interdisciplinary elementary
physical education. Champaign, IL: Human Kinetics.

Hafhner, J. C., & Hafner, P. M. (2003). Quantitative analysis of the rubric
as an assessment tool: An empirical study of student peer-group rating.
International Journal of Science Education, 25(12), 1509-1528.
https://doi.org/10.1080/0950069022000038268

Herndndez, A. (2019). Bicycle physics as a field activity. Journal of
Physics: Conference Series, 1286. https://doi.org/10.1088/1742-
6596/1286/1/012029.

Hmelo-Silver, C. E., Duncan, R. G., & Chinn, C. A. (2007). Scaffolding
and achievement in problem-based and inquiry learning: a response to
Kirschner, Sweller, and Clark (2006). Educational Psychologist, 42(2),
99-107. https://doi.org/10.1080/00461520701263368

Hristovski R. (2013). Synthetic thinking in (sports) science. The self-
organization of scientific language. Physical Review Physics Education
Research, 27-34.

Hristovski, R., Balagué, N., & Vazquez, P. (2014). Experiential learning
of unifying principles of science through physical activities. In: Miranda
F, (Ed). Systems Theory: Perspectives, Applications and Developments.
New York: Nova Science. 37-48.

Hristovski, R., Balagué, N., & Vazquez, P. (2019). Science as a social
self-organizing extended cognitive system. coherence and flexibility of
scientific explanatory patterns. In A. Massip, G. Bel-Enguix, A. Bastardas
(Ed.), Complexity applications in language and communication sciences.
Cham: Springer International Publishing.

Hristovski, R., Balagué, N., Almarcha, M.C., & Martinez, P. (2020). SUMA
educational framework: The way to embodied knowledge transfer and
disciplinary mobility. Research in Physical Education, Sport and Health,
9, 2: 3-7. https://doi.org/10.46733/PESH2092003h

Ko, T., & Mezuk, B. (2021). Debate participation and academic achievement
among high school students in the Houston Independent School District:
2012-2015. Educational Research and Reviews, 16(6), 219-225.

Kolb, D. A. (1984). Experiential learning: experience as the source of
learning and development. New Jersey: Prentice-Hall.

Lage-Gomez, C., & Ros, G. (2021). Transdisciplinary integration and its
implementation in primary education through two STEAM projects.
Journal of Education and Educational Development, 44, 801-837.
https://doi.org/10.1080/02103702.2021.1925474

PHYSICAL EDUCATION I

Apunts Educacion Fisica y Deportes | www.revista-apunts.com

2024, Issue 158. 4th Quarter (October-December), p. 26-33

32


http://www.revista-apunts.com
https://doi.org/10.3163/1536-5050.103.3.010
https://doi.org/10.1016/j.humov.2022.102974
https://doi.org/10.3389/feduc.2023.1134823
https://doi.org/10.1080/17461391.2016.1198422
https://doi.org/10.1177/0022487100051003013
https://doi.org/10.14221/ajte.2018v43n11.1
https://doi.org/10.21071/ripadoc.v3i0.9965
https://doi.org/10.1002/tea.20178
https://doi.org/10.1080/0950069022000038268
https://doi.org/10.1088/1742-6596/1286/1/012029
https://doi.org/10.1088/1742-6596/1286/1/012029
https://doi.org/10.1080/00461520701263368
https://doi.org/10.46733/PESH2092003h
https://doi.org/10.1080/02103702.2021.1925474

M. Almarcha et al.

Liu, O. L., Lee, H., & Linn, M. C. (2011). Measuring knowledge integration:
Validation of four-year assessments. Journal of Research in Science
Teaching, 48, 1079-1107. https://doi.org/10.1002/tea.2044 1

Magin, D. (1982). Collaborative peer learning in the laboratory. Studies in Higher
Education, 7, 105-117. https://doi.org/10.1080/03075078212331379191

McCarthy, C. B. (2005). Effects of thematic-based, hands-on
science teaching versus a textbook approach for students with
disabilities. Journal of Research in Science Teaching, 42, 245-263.
https://doi.org/10.1002/tea.20057

McGregor, S. (2015). Transdisciplinary Knowledge Creation. In: Gibbs,
P. (eds) Transdisciplinary Professional Learning and Practice. Springer,
Cham. https://doi.org/10.1007/978-3-319-11590-0_2

Niedenthal, P. M. (2007). Embodying emotion. Science, 316, 1002-1005.
https://doi.org/10.1126/science.1136930

Prince, M. (2004). Does active learning work? A review of the
research. Journal of Engineering Education, 93, 223-231.
http://dx.doi.org/10.1002/j.2168-9830.2004.tb00809.x

Schwartz-Bloom, R. D., Halpin, M. L., & Reiter, J. P. (2011). Teaching high
school chemistry in the context of pharmacology helps both teachers
and students learn. Journal of Chemical Education, 88, 744-750.
https://doi.org/10.1021/ed100097y

Skulmowski, A., & Rey, G. D. (2018). Embodied learning: introducing a
taxonomy based on bodily engagement and task integration. Cognitive
Research, 3, 1-10. https://doi.org/10.1186/s41235-018-0092-9

Smith, C. V., & Cardaciotto, L. (2011). Is active learning like broccoli?

Conflict of interest: no conflict of interest was reported by the authors.

Integrating knowledge in higher education: using body experiences to enable transdisciplinarity based on Dynamic Systems Theory general concepts

Student perceptions of active learning in large lecture classes. Journal
of the Scholarship of Teaching and Learning, 11(1), 53-61.

Spintzyk, K., Strehlke, F., Ohlberger, S., Groben, B., & Wegner, C. (2016).
An empirical study investigating interdisciplinary teaching of biology
and physical education. Science in Education, 25, 35-42.

Stolz, S. (2015). Embodied learning. Education Philosophy and Theory,
47, 474-487. https://doi.org/10.1080/00131857.2013.879694

Takeuchi, M. A., Sengupta, P., Shanahan, M. C., Adams, J. D., & Hachem,
M. (2020). Transdisciplinarity in STEM education: A critical review.
Studies in Science Education, 56, 213-253. https://doi.org/10.1080/0305
7267.2020.1755802

Vézquez, P. (2017). Unified framework for the study of sport-related behavior
[Doctoral thesis, University of Barcelona]. http://hdLhandle.net/2445/122511

Wankowski, J. (2007). Learning how to learn at university: The case for
an experimental centre. British Journal of Guidance and Counselling,
5, 41-48. https://doi.org/10.1080/03069887708258097

Wood, W., & Gentile, J. (2003). Teaching in a research context. Science,
302, 1510-1510. https://doi.org/10.1126/SCIENCE.1091803

Yoder, J. D., & Hochevar, C. M. (2005). Encouraging active learning can
improve students’ performance on examinations. Teaching of Psychology,
32(2), 91-95. https://doi.org/10.1207/s15328023top3202_2

OB
BY NC ND

© Copyright Generalitat de Catalunya (INEFC). This article is available at the URL https://www.revista-apunts.com/en/. This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License. The images or other third party material in this article are included in the article’s Creative Commons

license, unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, users will need to obtain permission from the

license holder to reproduce the material. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0/

PHYSICAL EDUCATION I

Apunts Educacion Fisica y Deportes | www.revista-apunts.com

2024, Issue 158. 4th Quarter (October-December), p. 26-33

33


http://www.revista-apunts.com
https://www.revista-apunts.com/en/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1002/tea.20441
https://doi.org/10.1080/03075078212331379191
https://doi.org/10.1002/tea.20057
https://doi.org/10.1007/978-3-319-11590-0_2
https://doi.org/10.1126/science.1136930
http://dx.doi.org/10.1002/j.2168-9830.2004.tb00809.x
https://doi.org/10.1021/ed100097y
https://doi.org/10.1186/s41235-018-0092-9
https://doi.org/10.1080/00131857.2013.879694
https://doi.org/10.1080/03057267.2020.1755802
https://doi.org/10.1080/03057267.2020.1755802
http://hdl.handle.net/2445/122511
https://doi.org/10.1080/03069887708258097
https://doi.org/10.1126/SCIENCE.1091803
https://doi.org/10.1207/s15328023top3202_2

