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ABSTRACT

Integrating physics learning with local wisdom can strengthen the understanding of concepts well and support
efforts to achieve the Sustainable Development Goals (SDGs) in the aspect of quality education in 2030. These
efforts are often constrained by the classroom implementation time, especially in the form of contextual
investigations using Student Worksheets (LKPD). This study aims to analyze the effectiveness of using LKPD
physics co-curricular activities based on local wisdom by A'bulo Sibatang on higher-order thinking Skills
(HOTS) and student collaboration skills. This study uses a mixed method of Explanatory Sequential type. The
quantitative method used a pre-experimental one-group pretest-posttest design to measure changes in students’
HOTS ability, and the qualitative method used an ethnomethodological approach based on the results of
observation using LKPD to measure students' collaboration skills. The study's results showed the effectiveness
of the use of LKPD physics co-curricular activities based on the local wisdom of A'bulo Sibatang on the HOTS
ability of students who had a significance of 0.001 or less than 0.05. Meanwhile, students' collaboration skills
showed positive changes according to observer assessments during LKPD physics co-curricular activities
based on local wisdom A'bulo Sibatang. This study concludes that the LKPD physics co-curricular activities
based on the local wisdom of A'bulo Sibatang are effectively used on HOTS abilities and students'
collaboration skills. This research also contributes to achieving quality education in Indonesia by integrating
A'bulo Sibatang culture into physics learning.
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1. INTRODUCTION

21st-century education demands a paradigm shift in the learning process, from
mechanistic to holistic learning oriented towards the development of essential competencies,
one of which is Higher Order Thinking Skills (HOTS) and collaboration skills (Haris et al.,
2025; Kosasih et al., 2022; Saptono et al., 2020). These skills are not only an indicator of
academic success but are also a key foundation in preparing young people who can actively
participate in the face of complex and unpredictable global challenges (Kwangmuang et al.,
2021; Lu et al., 2021; Shanti et al., 2022). Integrating HOTS and collaborative skills in
learning is no longer just an option but a strategic need in forming a student profile that is
adaptive, reflective, and ready to face the dynamics of the times.
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The HOTS domain, which includes the three highest cognitive levels in the revised
Bloom Taxonomy, namely analyzing (C4), evaluating (C5), and creating (C6), is the leading
indicator of students' complex thinking ability (Lee et al., 2024; Samadi et al., 2024; Utama
et al., 2020). At the analysis level, students are trained to parse information, identify
relationship patterns, and systematically distinguish relevant and irrelevant arguments. At
the evaluation stage, students are expected to be able to assess information, ideas, or
solutions based on specific criteria logically, objectively, and argumentatively. Meanwhile,
the creative stage requires students to integrate a wide range of knowledge and experience to
generate original ideas, innovative solutions, or valuable creative products. This process
reflects high-level thinking abilities that are adaptive to social dynamics and global
challenges (Dewi et al., 2020; Martawijaya et al., 2023; Rampean & Rohaeti, 2025). These
three stages are essential elements in the transformative learning carried out by the
Independent Curriculum and play a strategic role in forming students who are independent,
creative, and ready to face real-world complexities.

With increasing global social complexity, the world of education is required to produce
not only cognitively capable individuals but also adaptive, collaborative, and highly
competitive. In response to these challenges and dynamics, the Indonesian government,
through the Independent Learning policy and the Independent Curriculum, encourages the
strengthening of the Pancasila Student Profile as a framework for developing students'
character and competencies holistically. One of the main dimensions in the Pancasila
Student Profile is "mutual cooperation," which is substantively closely intertwined with the
concept of collaboration in a global context and 21st Century Learning (Nahar et al., 2022;
Teuwen et al., 2024; Thornhill-Miller et al., 2023). Collaboration-based learning is expected
to increase student involvement, strengthen understanding of concepts, and form positive
social dispositions such as empathy, tolerance, and responsibility.

Collaboration skills are an integral part of the Pancasila Student Profile, which
emphasizes the importance of cooperation as a vehicle for character formation and social
capacity building of students. Meaningful collaboration occurs through physical interaction
and the critical and reflective exchange of ideas in academic discussions, group projects,
and problem-based learning. In the context of learning, these skills include the ability to
listen to the opinions of others, contribute ideas, resolve conflicts constructively, and
achieve common goals synergistically (Aunger et al., 2021; Nezami et al.,, 2024;
Paredes-Saavedra et al., 2024). The application of collaboration-based learning improves
student learning outcomes and strengthens character and social skills essential for life in
society.

The relevance of HOTS and collaboration skills becomes increasingly significant when
associated with objectives Sustainable Development Goals (SDGs), especially SDGs 4
which emphasizes the importance of inclusive and equitable quality education for all
(Aguado-Correa et al., 2023; Maryanti et al., 2022; Ricciolini et al., 2022). Improving the
quality of education through learning that encourages high-level and collaborative thinking
skills indirectly supports the achievement of other SDGs targets, such as poverty alleviation
(SDGs 1) (Filho et al., 2022), industrial innovation (SDGs 9) (Azmat et al., 2023), and
partnerships to achieve the goals (SDGs 17) (Pedersen et al.,, 2023). Therefore,
transformation in the learning approach is crucial to realize education that not only
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emphasizes knowledge transfer, but also the formation of character and competency across
disciplines.

As one of the exact disciplines, physics has unique characteristics that have great
potential in developing HOTS and student collaboration skills. Physics concepts that are
abstract, complex, and require mathematical modeling can stimulate students' analytical and
problem-solving abilities, especially when presented in a real-life context (Becker et al.,
2020; Bouchée et al., 2023; Bozzi et al., 2021; Stadermann & Goedhart, 2021). Physics
learning directed at exploring phenomena through experiments, group discussions, and joint
problem-solving activities has proven effective in encouraging social interaction and
cooperative learning. In bridging the gap between abstract concepts of physics and students'
concrete experiences, contextual and meaningful learning strategies are needed (Bassachs et
al., 2020; Dziob et al., 2022). One approach that can be adopted is integrating local cultural
values into learning activities.

Local wisdom is a cultural product that includes customs, norms, rituals, ethics, beliefs,
values, customs, and philosophies. In this case, local wisdom is divided into two parts,
namely, the material aspect and non-material. The material aspect includes elements such as
traditional clothing, handicrafts, and traditional buildings. Meanwhile, the non-material
from local wisdom can be understood as philosophical values (Hamdan & Basrowi, 2024;
Muhammad et al., 2022; Sofyan et al., 2019; Warman et al., 2023). A'bulo Sibatang is one
of the representations of the local wisdom of the Bugis-Makassar community. Value A'bulo
Sibatang contains a philosophy of togetherness, honesty, responsibility, and solidarity. There
are four of the eight behaviors of Mabbulo Sipeppa or A'buo Sibatang that are applied,
including Assamaturu ri pa'rappungang means to be equal in a group, Sipakalabbiri means
mutual respect, Siagang baji na kodi pa'mai meaning together in joy and sorrow, and A
Taste of the Wild which means justifying each other if it is true. These values align with the
collaborative principles and academic integrity needed in the 21st-century learning process
(Afrianti et al., 2024; Kurnia et al., 2022; Scott, 2006). In the local context of Indonesia,
especially in areas with cultural richness such as South Sulawesi, values such as A'bulo
Sibatang have not been widely used as a basis for the development of teaching materials.

Using the A'bulo Sibatang-based Peseta Didik Worksheet (LKPD) can enrich the
affective and social dimensions and strengthen the connection between students and their
culture and social context, making learning more relevant and sustainable. In particular, in
physics learning at the secondary level, LKPD still tends to focus on purely cognitive
aspects, such as calculation exercises and formula application, without being systematically
designed to encourage HOTS and collaborative skills (Burfeind & Devine, 2020;
Hartman-Caverly et al., 2023; Nybo et al., 2020). The LKPD is a worksheet that students
can use, containing practicum instructions, experiments that can be done at home,
discussion materials, portfolio assignments, and various practice questions. LKPD is used to
optimize student participation in the learning process (Bakri et al., 2020; Kahar et al., 2021).
Implementing A'bulo Sibatang-based LKPD requires sufficient time, so to ensure its
effectiveness, this activity must be integrated with time outside the classroom through
extracurricular activities available at school.
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Co-curricular activities today are ceremonial or administrative, without a structured and
meaningful pedagogical design. This indicates a gap in educational practice, where activities
outside the classroom have not been optimally utilized to shape 21st-century competencies
(Almazroa & Alotaibi, 2023; Asad et al., 2021; Reddy et al., 2023). Co-curricular activities
support education and improve social interaction, leadership skills, discipline, and
self-confidence. Co-curricular activities offer an informal platform for mutual interaction
that supports participants or individuals in realizing their potential (El-Haggar et al., 2019;
Henderson et al., 2022; Li et al.,, 2021). With the diversity of students in educational
institutions, these informal interactions allow them to explore and develop their abilities in a
practical and creative way.

21st-century education requires a transformation of the learning approach towards
strengthening higher-level thinking skills (HOTS) and collaboration. HOTS includes the
ability to analyze (C4), evaluate (C5), and create (C6) in the revised Bloom Taxonomy.
Meanwhile, collaborative skills are seen as one of the important pillars in the Pancasila
Student Profile and the Merdeka curriculum. Previous research has shown that the
integration of local wisdom in learning is able to improve students' conceptual
understanding and character (Lubis et al., 2022; Hikmawati et al., 2024). For example, the
application of Balinese local culture in science learning increases student engagement and
creativity. However, there have not been many studies that explicitly examine the influence
of local cultural values such as A'bulo Sibatang in the context of physics learning for HOTS
and collaboration.

Planning and implementation of physics-based co-curricular activity worksheet based
on A'bulo Sibatang, a contextual approach that combines modern science learning with the
values of local wisdom of the Bugis-Makassar community. A'bulo Sibatang, as a cultural
concept that emphasizes the importance of togetherness, integrity, and social responsibility,
is explicitly used as a value framework in the structure of the worksheet (Martawijaya et al.,
2025). The novelty of this research lies in the integration of three important dimensions in
contemporary education: the cognitive dimension (HOTS), the social-emotional
(collaboration), and the cultural (local values). Most previous studies have tended to
separate the development of these competencies or emphasize only one of its aspects.
Therefore, this study is designed to examine the effectiveness of the use of Student
Worksheets in physics co-curricular activities that are integrated with the local wisdom of
A'bulo Sibatang as an effort to strengthen the quality of learning while making a real
contribution to the achievement of quality education goals within the framework of the
SDGs 2030. In particular, this study is focused on two main objectives: (1) to analyze the
improvement of students' HOTS abilities as a result of the implementation of local
culture-based LKPD and (2) to identify the development of students' collaborative skills that
emerge during contextual learning processes that adopt local values as pedagogical
foundations.

2. METHODS

This study uses the mixed method with the model Explanatory Sequential (Creswell,
2014; Sugiyono, 2013); namely, the quantitative approach is carried out first and followed
by a qualitative approach to provide a deeper understanding of the quantitative results
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obtained. At the quantitative stage, the design used is Pre-experimental with model
One-group pretest-posttest, where students were given tests before and after the intervention
to measure the improvement of HOTS ability after using LKPD co-curricular activities
based on local wisdom of A'bulo Sibatang. Meanwhile, at the qualitative level,
Ethnomethodology (Indrawan & Yaniawati, 2017) explores students' collaboration skills
that align with the A'bulo Sibatang culture, which is carried out through semi-structured
observation and teacher interviews.

The subjects in this study are high school students at one of the schools in the area with
an A'bulo Sibatang cultural background. The subjects were selected using purposive
sampling techniques, considering that students are actively involved in physics co-curricular
activities and have obtained basic materials that support the development of high-level
thinking skills (HOTS). The instruments used in this study consist of quantitative and
qualitative instruments designed to measure two main aspects, namely HOTS ability and
student collaboration skills. The quantitative instrument is in the form of a HOTS
description test developed based on the revised Bloom taxonomic indicators at levels C4
(analyze), C5 (evaluate), and C6 (create). Meanwhile, the qualitative instrument is in the
form of a collaboration skill observation sheet.

Stage | Stage 2
Qualitative Data
Collgetion — Interpretation of
Ouantitative and
Juantitative Data Cualitative Data Chualitative Data
Analysis Analysis Resulis

Figure 1. Stages of Research

The data collection process in this study was carried out in stages according to the
Explanatory Sequential approach used. At the quantitative stage, data was obtained by
implementing pretest and posttest tests on students before and after using LKPD physics
co-curricular activities based on the local wisdom of A'bulo Sibatang. Furthermore, at the
qualitative stage, data was collected through structured observation during the
implementation of co-curricular activities involving the use of LKPD. Data analysis in this
study was carried out separately for quantitative and qualitative data, in line with the mixed
method Explanatory Sequential approach used. Quantitative data obtained from the results
of the students' HOTS ability pretest and posttest tests were analyzed using a non-parametric
statistical test paired sample t-test (Wilcoxon Signed Ranks Test). This test aims to
determine the significance of the difference in scores before and after the intervention by
using a worksheet of co-curricular activities based on the local wisdom of A'bulo Sibatang.
The test was performed at a significance level of 5% (p < 0.05) to determine whether the
changes that occurred were statistically significant. Meanwhile, qualitative data from
observation and interviews on collaboration skills were analyzed using a qualitative
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ethnomethodology approach based on students' collaborative behavior tendencies reflected
in group learning activities based on A'bulo Sibatang culture.

3. RESULTS AND DISCUSSION

The effectiveness of using LKPD in A'bulo Sibatang-based physics co-curricular
activities uses a mixed-methods approach by combining quantitative and qualitative data to
obtain a comprehensive understanding of the impact of LKPD implementation. The HOTS
capabilities were measured through pre-test and post-test, which were analyzed using a
non-parametric paired sample t-test (Wilcoxon Signed Ranks Test) to identify statistically
significant changes. Meanwhile, structured observations of group dynamics during
co-curricular activities were used to capture student collaboration skills transformations.
The synergy between quantitative and qualitative findings is the basis for interpreting local
values-based learning approaches' effectiveness in strengthening competencies in the 21st
century.

60.00 55.83

50.00 47.78

40.00

41.25
30.00 28.00
20.00
10.00 7.50
0.00 -
C4 Co

Figure 2. Average Pretest-posttest Scores of Students' Cognitive Level

20.28

(O8]

M Pretest W Posttest

Quantitative analysis showed that the average HOTS score of students increased
substantially after the intervention using LKPD of A'bulo Sibatang-based physics
co-curricular activities. Based on the bar chart shown in Figure 2. A comparison of pretest
and posttest scores of students' high-level thinking ability can be seen at the three levels of
the revised Bloom cognitive taxonomy, namely C4 (analyzing), C5 (evaluating), and C6
(creating). There were significant changes in all categories after learning interventions using
LKPD of A'bulo Sibatang-based co-curricular activities.

Table 1. Shapiro-Wilk Normality Test
Kolmogorov-Smirnov Shapiro-Wilk
Statistics  Df  Sig.  Statistics Df  Sig.

Pretest Cognitive

145 24 200 964 24 529
Scores
Posttest Cognitive 199 24 015 906 24 .029
Scores
895
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The Shapiro-Wilk normality test in Table 1 showed that the students' post-test cognitive
scores were not normally distributed with a Sig. of 0.029 or less than 0.05. thus, (Sugiyono,
2015) compared students' average cognitive scores before and after being given
co-curricular activity interventions using a non-parametric paired sample t-test (Wilcoxon
Signed Ranks Test).

Table 2. T-Wilcoxon Signed Ranks Test
Cognitive Posttest - Cognitive Pretest

Z -4.291
Asymp. Sig.
(2-tailed) 001

The results of data analysis obtained from the Wilcoxon Signed Ranks Test t-test in
Table 2 show a significant difference of 0.001 or greater than 0.05. Significant improvement
in students' HOTS ability in line with findings (Lubis et al., 2022), which reports that the
integration of local wisdom values in physics learning is able to increase students' cognitive
engagement and creativity. These results confirm that the local cultural context, in this case,
A'bulo Sibatang, functions as a cognitive scaffolding that makes it easier for students to
build physics concepts in depth and encourages the process of analyzing, evaluating, and
creating (indicators C4—C6).

Significant changes in students' scores were evident in the C4 category: the pretest
results showed that most students were weak in identifying the relationships between
complex physics concepts. Meanwhile, the posttest results showed a significant increase in
explaining cause and effect, distinguishing variables, and compiling information from
contextual situations in the LKPD. In the C5 category, pretest results, it is known that
students tend to give answers based on rote or assumptions without systematic justification.
The posttest results show increased students' ability to provide scientific reasons for
choosing solutions and evaluate alternative solutions based on data and physics principles.
Meanwhile, in Category C6, the pretest results reveal that creative skills have not yet
developed, and most students have difficulty formulating alternative solutions or compiling
simple experiments. Meanwhile, the results of the posttest showed that students began to be
able to design simple experiments or develop problem-solving strategies based on the
context provided in the LKPD. A series of improvements in the three HOTS categories
showed that using LKPD physics co-curricular activities based on A'bulo Sibatang
effectively strengthened students' analytical, evaluative, and creative dimensions.

Qualitative data from semi-structured observations and interviews with teachers on
collaboration skills indicated positive changes. The collaborative assessment showed that
many groups of students tended to be dominated by one or two members before the
intervention. At the same time, after using A'bulo Sibatang-based LKPD, there was an
increase in individual responsibility and team coordination indicators. The collaborative
skills in these findings support the research (Hikmawati et al., 2024), which shows that
learning based on local wisdom increases student interaction and cooperation in completing
HOTS assignments. Although the formats are different, both affirm that local values enrich
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the social context of learning so that interpersonal communication skills and collective
responsibility improve. Indicators used in observation: (a) Active participation in the group;
(b) Effective communication skills; (c¢) Individual and group responsibilities; and (d) Joint
decision-making.

Strengthening each indicator through scenarios and activities in the co-curricular LKPD
that is designed. The results of observation and changes in collaborative behavior showed a
comparison of student behavior before and after the intervention based on observation
records. Of the four behaviors of Mabbulo Sipeppa or A'buo Sibatang that are applied,
including Assamaturu ri pa'rappungang means equal in the group, Sipakalabbiri means
mutual respect, Siagang baji na kodi pa'mai means together in joy and sorrow, and
Sipattojeng ri kuntu tojeng which means justifying each other if it is true. Indicates a change
in behavior, such as students who were previously passive becoming more involved in
discussions. There is role rotation in the group (not just one dominant student).
Decision-making is done through deliberation, not individual domination. The qualitative
evidence of the dynamics of student interaction shows that the internalization of A'bulo
Sibatang values is very good as part of the 21st century social competencies that support the
SDGs, in particular: SDG 4 (Quality Education): developing the affective and social aspects
of students and SDG 16 (Peace, justice, and resilient institutions): through local value
education as a means of forming cooperative citizens. The collaboration formed is not only
technical, but also ethical and empathetic, in accordance with the spirit of A'bulo Sibatang.

The application of A'bulo Sibatang local wisdom values in co-curricular LKPD has
proven to be effective in strengthening students' collaboration skills. The learning process
based on local culture is able to internalize social values that support teamwork and
character building. The relationship between HOTS and collaborative skills is also an
important finding in this study. Improved analytical and evaluation skills (C4 and C5) allow
students to more actively participate in group discussions, express opinions with logical
arguments, and resolve conflicts through rational consideration. In contrast, the intensive
collaborative process provides a social space for strengthening HOTS skills, such as
thinking critically about friends' ideas and formulating solutions together.

4. CONCLUSION

The main contribution of this research is empirical evidence that A'bulo Sibatang
structured LKPD not only facilitates the achievement of SDG 4 (Quality Education)
cognitive indicators but also strengthens partnerships and collaborations (SDG 17) at the
micro level, namely between students. Development of a co-curricular LKPD device that
combines scientific measures with elements of local culture, thus offering a sustainable and
meaningful contextual physics learning model. Practically, physics teachers can adopt this
LKPD to maximize co-curricular time outside of regular lesson hours, overcome practice
time limitations in the classroom, and foster HOTS and collaboration simultaneously.
Further research is recommended to evaluate the long-term impact of the implementation of
A'bulo Sibatang-based LKPD on the character profile of students at various levels of
education. In addition, the development of other local wisdom-based learning tools outside
Sulawesi also needs to be studied to see the extent to which local cultural values can shape
21st-century skills.
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