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    ABSTRACT

    The integration of local wisdom into physics co-curricular activities is important to support deep learning and strengthen students’ critical reasoning skills. This study aims to develop and evaluate a physics co-curricular worksheet based on mabbulo sipeppa local wisdom to support critical reasoning in deep learning. The research employed a Research and Development approach using the Borg & Gall procedure integrated with the ADDIE model, consisting of Analysis, Design, Development, Implementation, and Evaluation stages. Data were collected through interviews, questionnaires, and tests. The developed worksheet was evaluated in terms of validity, practicality, and effectiveness. The results showed that the worksheet achieved a construct validity index of 1.00, indicating a valid category. The feasibility assessment reached 85.42% from media experts and 85.83% from material experts, both categorized as highly feasible. Practicality results showed positive responses from teachers (97%) and students (98%), indicating that the worksheet is practical for implementation. The effectiveness test produced an average N-gain score of 0.6 (moderate category) with an effectiveness percentage of 60%, interpreted as moderately effective. These findings indicate that the developed worksheet is valid, practical, and sufficiently effective in supporting students’ critical reasoning within the context of deep learning through the integration of mabbulo sipeppa local wisdom.
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INTRODUCTION



The rapid evolution of global
education in the 21st century demands that national curricula shift their focus
from rote memorization toward the cultivation of holistic and higher-order
cognitive competencies. In the context of Indonesian education, this
transformation is explicitly reflected in the mandate to develop core graduate
profiles, which encompass dimensions such as faith and piety, global
citizenship, independence, creativity, collaboration, and critical reasoning.
Among these diverse competencies, critical reasoning serves as the foundational
catalyst that enables students to analyze, evaluate, and synthesize information
systematically to solve complex, real-world problems. Without robust critical
reasoning skills, students cannot effectively navigate the vast influx of
information in the digital era, nor can they successfully master advanced
scientific disciplines such as physics.


However, a significant discrepancy
exists between these idealistic national curriculum standards and the actual
academic outcomes observed in schools. According to the latest data from the
Ministry of Education, Culture, Research, and Technology, the national scores
for student literacy and numeracy—where critical reasoning serves as an
underlying cognitive framework—remain alarmingly substandard (Kemendikbudristek,
2025).
Specifically, at the Senior High School (SMA) level, the national averages for
literacy and numeracy stand at only 72.23% and 67.14%, respectively (Kemendikbudristek,
2025).
These findings indicate that a vast majority of Indonesian high school students
still face immense challenges when confronted with contextual tasks that
require non-routine problem-solving, structural analysis, logical deduction,
and objective decision-making (Kemendikbudristek,
2025)


To bridge this educational gap, modern
pedagogical transformations underscore the urgency of implementing a "deep
learning" framework (Zebua, 2025). Deep
learning is an advanced educational paradigm that prioritizes meaningful,
reflective, and joyful learning environments over superficial surface learning (Zebua, 2025). Rather than
overloading students with dense content, deep learning encourages students to
explore core concepts deeply, understand the underlying mechanisms of
phenomena, and actively connect their classroom knowledge with their
surrounding ecosystem (Zebua, 2025). Within the
domain of physics education, one of the most effective structural vehicles to
accommodate deep learning is the optimization of co-curricular activities.
Co-curricular activities are structured educational tasks designed to fortify,
expand, and enrich the theoretical concepts taught within the regular
intra-curricular classroom sessions (Faizah &
Suttrisno, 2025; Hastasasi et al., 2025). These activities provide students with the
contextual space needed to observe physical laws operating in their daily
environments, thereby transforming physics from an intimidating subject filled
with abstract formulas into a tangible, practical science (Firdausi
& Suchayo, 2021).


Furthermore, contemporary research
indicates that the effectiveness of physics co-curricular activities is
significantly enhanced when integrated with ethnoscience or local cultural
wisdom
(Martawijaya
& Mahir, 2025).
For
students living in South Sulawesi, the cultural philosophy of Mabbulo
Sipeppa (conceptually identical to A'bulo Sibatang in the Makassar
dialect) serves as an essential socio-cultural and ethical pillar (Mahir et
al., 2024; Martawijaya & Mahir, 2025). Formally translated, Mabbulo Sipeppa
means "to unite like a single block of bamboo," where bulo
represents bamboo and sipeppa signifies a single unified piece. This
philosophy metaphorically describes how individual bamboo poles, when bound
tightly together, create an unbreakable structural unity that possesses immense
collective strength (Mahir et
al., 2024).
In an educational context, Mabbulo Sipeppa emphasizes the value of
absolute solidarity, cooperation (gotong royong), democratic dialogue,
and collaborative problem-solving (Mahir et al.,
2024; Martawijaya & Mahir, 2025).


 


LITERATURE
REVIEW


Deep Learning and Critical Reasoning


Deep learning is a pedagogical
approach that emphasizes meaningful, conscious, and enjoyable learning
experiences through the holistic integration of cognitive, affective,
psychomotor, and social dimensions (Anggraena et
al., 2025).
 This
approach encourages students to actively construct knowledge rather than merely
receive information, making learning more reflective and applicable to
real-life situations. The concept is closely aligned with Vygotsky’s social
constructivism theory, which emphasizes that knowledge is developed through
social interaction and contextual experiences (Vygotsky,
1980).


Within Indonesia's educational policy,
deep learning aims to develop eight graduate profile dimensions, namely faith
and piety, citizenship, critical reasoning, creativity, collaboration,
independence, health, and communication (Purnamasari
et al., 2025). Among these
dimensions, critical reasoning serves as an essential competency because it
enables students to analyze information, evaluate arguments, and formulate
logical decisions when solving scientific problems.


Critical reasoning consists of several
interconnected competencies, including obtaining and processing information,
analyzing and evaluating arguments, and reflecting on one's own thinking processes (Kemendikbudristek,
2022).
In physics learning, these competencies are developed when students investigate
natural phenomena, formulate hypotheses, evaluate evidence, and construct
scientific explanations. Recent studies have shown that instructional models
emphasizing collaborative learning and contextual problem solving significantly
strengthen students’ critical reasoning abilities (Lestari,
2026; Salsabila & Muqowim, 2024).


Therefore, learning activities that
actively engage students in authentic investigations are considered appropriate
to support deep learning while simultaneously strengthening critical reasoning.


Local Wisdom in Physics Learning


Local wisdom represents cultural
knowledge, values, and practices that develop continuously within a community
through long-term interaction with its social and natural environment (M. A.
Martawijaya et al., 2024; Rummar, 2022).  Beyond functioning as cultural heritage,
local wisdom also serves as a normative guide that shapes attitudes, ethical
behavior, environmental awareness, and problem-solving strategies (Keesing,
1981; Koentjaraningrat, 1985).


Integrating local wisdom into science
education enables students to connect abstract scientific concepts with
everyday experiences. In physics education, contextual learning based on local
culture has been reported to increase conceptual understanding, scientific
literacy, and critical reasoning because students analyze physical phenomena
that are already familiar within their own environment (Wiyono et
al., 2024). Similarly,
ethnophysics-based learning encourages reflective thinking through the
investigation of culturally meaningful phenomena (Laos &
Tefu, 2020).


One important form of local wisdom in
South Sulawesi is mabbulo sipeppa, known in Makassar culture as a'bulo
sibatang. Literally meaning "one bamboo stalk," this philosophy
symbolizes unity, cooperation, mutual responsibility, and collective commitment
(A.
Martawijaya, 2016). The
philosophy is represented through several cultural norms emphasizing honesty,
mutual respect, shared responsibility, cooperation, solidarity, and collective
decision-making (M. A. Martawijaya
& Mahir, 2025).


These values are highly compatible
with collaborative inquiry activities in physics, where students are expected
to work together in observing phenomena, discussing evidence, evaluating ideas,
and drawing scientific conclusions. Previous studies have demonstrated that
integrating mabbulo sipeppa into physics instruction not only preserves
cultural values but also promotes students’ conceptual understanding and
scientific character (Mahir et
al., 2024; M. A. Martawijaya & Mahir, 2025).


Physics Co-Curricular Activities


Co-curricular activities are
structured learning experiences designed to reinforce, deepen, and enrich
classroom instruction while simultaneously strengthening students' competencies
and character development (Purnamasari
et al., 2025). Unlike
extracurricular activities, which primarily focus on students’ interests and
talents, co-curricular activities remain directly connected to curriculum
objectives and learning outcomes (Wardan &
Rahayu, 2021).


Physics co-curricular activities
provide opportunities for students to experience scientific concepts beyond
classroom instruction through observation, experimentation, project-based
learning, and contextual investigations. Such experiences bridge theoretical
knowledge with real-world applications, allowing students to develop scientific
process skills alongside conceptual understanding (Anggraini et
al., 2017).


Integrated with local
wisdom, physics co-curricular activities become more contextual, enabling students
to understand physics concepts through cultural practices within their own
communities (M. A.
Martawijaya et al., 2024).
Consequently, co-curricular learning provides an appropriate environment for
implementing deep learning while strengthening critical reasoning and
collaborative competencies.


Development of Physics Co-Curricular
Worksheets


Student worksheets function as
structured instructional materials that guide learners through learning
activities, observations, experiments, discussions, and problem-solving tasks (Prastowo,
2015). In
inquiry-oriented physics learning, worksheets help organize learning sequences,
stimulate students’ thinking processes, and facilitate independent learning.


The development of educational
products should follow systematic instructional design procedures to ensure
product quality. This study adopts the ADDIE development framework consisting
of Analysis, Design, Development, Implementation, and Evaluation stages. The
ADDIE model provides a systematic process for identifying learning needs,
designing instructional materials, validating products, implementing classroom
trials, and evaluating product effectiveness.


The quality of educational products
developed through ADDIE is commonly assessed using three criteria: validity,
practicality, and effectiveness. Validity indicates the suitability of content
and design according to expert judgment. Practicality refers to the ease of
implementation by teachers and students during classroom activities.
Effectiveness measures the product's ability to achieve intended learning
outcomes, particularly improvements in students’ competencies after
implementation.


Based on these principles, the
development of a physics co-curricular worksheet integrating mabbulo sipeppa
local wisdom is expected to provide contextual learning experiences that
simultaneously strengthen critical reasoning and support the implementation of
deep learning.


Conceptual Framework


This study is grounded in the need to
strengthen students’ critical reasoning as one of the graduate profile
dimensions emphasized in Indonesia’s deep learning policy. Preliminary
observations revealed that physics co-curricular activities have not yet been
systematically implemented and that instructional materials integrating local
wisdom remain unavailable. Consequently, students experience difficulties in
connecting physics concepts with real-life situations.


To address this issue, this research
develops a physics co-curricular worksheet based on mabbulo sipeppa
local wisdom using the ADDIE development model. The worksheet integrates
collaborative cultural values into contextual physics activities, enabling
students to investigate authentic phenomena while developing critical reasoning
skills. The quality of the developed worksheet is evaluated based on its
validity, practicality, and effectiveness, which together determine its
feasibility for supporting deep learning in physics education. Illustrated in
the conceptual framework flowchart below:
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Figure 1.
Conceptual Framework


 


METHODOLOGY 



This study employed a Research and
Development (R&D) approach to develop a physics co-curricular worksheet
based on mabbulo sipeppa local wisdom for supporting students’ critical
reasoning in deep learning. The development procedure adopted the Borg and Gall
development research integrated with the ADDIE instructional design model,
consisting of five sequential stages: Analysis, Design, Development,
Implementation, and Evaluation.


The research was conducted at UPT SMA
Negeri 2 Bone, South Sulawesi, Indonesia. The participants involved in the
development process consisted of two expert validators, including one material
expert and one media expert from Universitas Negeri Makassar, one physics
teacher, and Grade XI students who participated in the field implementation.
The expert validators evaluated the developed worksheet in terms of content
validity and media feasibility, while the teacher and students assessed its
practicality during classroom implementation. The development process followed
the ADDIE stages as described below.






1.    
Analysis: The analysis
stage aimed to identify instructional problems and learning needs related to
physics co-curricular activities. This stage included interviews with physics
teachers, analysis of the current curriculum, analysis of students’
characteristics, and identification of problems regarding critical reasoning
skills. The results indicated that structured physics co-curricular activities
had not yet been implemented, instructional worksheets integrating local wisdom
were unavailable, and students still experienced difficulties in processing
information, analyzing arguments, and reflecting on their reasoning.


2.    
Design: During the
design stage, the structure of the physics co-curricular worksheet was planned
based on deep learning principles and the values of mabbulo sipeppa local
wisdom. Learning objectives, activity sequences, student tasks, assessment
instruments, and worksheet layouts were designed according to the learning
outcomes of the Merdeka Curriculum. The worksheet activities emphasized
contextual investigations, collaborative learning, reflection, and scientific
reasoning.


3.    
Development: The
development stage focused on producing the initial prototype of the worksheet
and conducting expert validation. Suggestions from material and media experts
were used to revise the product before classroom implementation. The validity
evaluation covered content accuracy, language, presentation, graphical
appearance, instructional design, and compatibility with deep learning
characteristics.


 


Content validity was determined using
the Gregory inter-rater agreement model through cross-tabulation of expert
judgments.
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Figure 2. Inter-rater Agreement Model for Content Validity Assessment


 


                         (1)


 


The worksheet was considered valid
when the Gregory coefficient was ≥ 0.75. The feasibility level of
the worksheet was subsequently analyzed using descriptive percentage analysis
based on the total score obtained from the validation instruments.






1.    
Implementation:
After
revision, the worksheet was implemented in physics co-curricular learning
involving Grade XI students at UPT SMA Negeri 2 Bone. The implementation aimed
to examine the practicality and effectiveness of the developed worksheet in
supporting students’ critical reasoning. Practicality was measured using
teacher and student response questionnaires based on a five-point Likert scale.
The worksheet was categorized as practical when the percentage score reached at
least 60%. To evaluate effectiveness, students completed critical
reasoning tests before and after participating in the co-curricular activities.
The implementation adopted a One Group Pretest–Posttest Design, enabling
comparison between students’ initial and final critical reasoning performance.


2.    
Evaluation:
The
evaluation stage consisted of formative and summative evaluation. Formative
evaluation was conducted throughout the development process based on expert
feedback and implementation results, while summative evaluation assessed the
overall quality of the worksheet based on its validity, practicality, and effectiveness.
The effectiveness of the worksheet was determined using the normalized gain (N-gain)
score:


 


g =                       (2)


 


The obtained N-gain values were
interpreted using three categories:





 
  
   	
   N-gain Score

   
   	
   Category

   
  

 
 
  	
  ≥ 0.70

  
  	
  High

  
 

 
  	
  0.30 – 0.69

  
  	
  Moderate

  
 

 
  	
  < 0.30

  
  	
  Low

  
 







The effectiveness interpretation
followed the percentage criteria adopted in the study, where higher N-gain
values indicate greater improvement in students’ critical reasoning after using
the developed worksheet.


Instruments and Data Analysis


Three categories of research
instruments were employed to evaluate the developed worksheet.


1.        
Interview
guidelines
were used during the needs analysis stage to identify existing problems in
physics co-curricular implementation. 


2.        
Validation
sheets
were completed by material and media experts to determine the validity and
feasibility of the worksheet. 


3.        
Teacher
and student response questionnaires were administered after
implementation to measure the practicality of the worksheet. 


4.        
Critical
reasoning tests consisting of pretest and posttest items were
administered to evaluate the effectiveness of the worksheet in improving
students' critical reasoning skills. 


 


The collected data were analyzed using
descriptive quantitative analysis. Product validity was determined using the
Gregory content validity coefficient and descriptive feasibility percentages.
Practicality was analyzed through descriptive percentages of teacher and
student responses. Effectiveness was evaluated using normalized gain (N-gain)
analysis by comparing students’ pretest and posttest scores. The developed
worksheet was considered feasible when it satisfied the three quality criteria
of validity, practicality, and effectiveness.


 


RESULTS AND DISCUSSION


Validity and Feasibility of the Worksheet


The validation
results indicate that the developed worksheets are highly valid. The Gregory
validity coefficient (Vc) reached 1.00 for all assessed aspects, exceeding the
minimum threshold of 0.75. The recapitulation of the data analysis results from
the media expert validation regarding the worksheet is presented in the
following Table 1.


Table 1. Media Expert
Validation Results





 
  
   	
   Aspect

   
   	
   Percentage (%)

   
   	
   Category

   
  

 
 
  	
  Visual Design

  
  	
  87.50

  
  	
  Very Feasible

  
 

 
  	
  Instructional Design

  
  	
  87.50

  
  	
  Very Feasible

  
 

 
  	
  Technical Quality

  
  	
  81.25

  
  	
  Very Feasible

  
 

 
  	
  Average

  
  	
  85.42

  
  	
  Very Feasible

  
 







 


The feasibility percentage from media
experts reached 85.42%, categorized as “very feasible,” with the highest scores
in visual design and readability. This suggests that the worksheets are
well-structured and visually supportive for learning. According to (Arsyad,
2014), effective
visual design enhances attention and facilitates cognitive processing, making
learning more efficient.


The recapitulation of the data
analysis results from the material expert validation regarding the worksheet is
presented in the following Table 2.


Table 2. Material
Expert Validation Results





 
  
   	
   Aspect

   
   	
   Percentage (%)

   
   	
   Category

   
  

 
 
  	
  Content Feasibility

  
  	
  87.50

  
  	
  Very Feasible

  
 

 
  	
  Learning Approach

  
  	
  87.50

  
  	
  Very Feasible

  
 

 
  	
  Assessment Quality

  
  	
  82.50

  
  	
  Very Feasible

  
 

 
  	
  Average

  
  	
  85.83

  
  	
  Very Feasible

  
 







 


Similarly, the feasibility percentage
from material experts reached 85.83%, indicating that the worksheets are
appropriate in terms of content, learning approach, and assessment. This result
confirms that the integration of local wisdom is aligned with physics concepts
and supports meaningful learning, consistent with the findings of Astawa et al.
(2015).


Practicality of the Worksheet


The recapitulation of the data
analysis results from the teachers’ questionnaire responses regarding the
worksheet is presented in the following Table 3.






Table 3. Teacher Responses





 
  
   	
   Aspect

   
   	
   Percentage (%)

   
  

 
 
  	
  Design & Content

  
  	
  98

  
 

 
  	
  Implementation

  
  	
  96

  
 

 
  	
  Impact

  
  	
  99

  
 

 
  	
  Average

  
  	
  97

  
 







 


The practicality results show that the
worksheets are highly usable in real learning contexts. Teacher responses
reached an average of 97%, indicating that the worksheets are easy to
implement, efficient, and adaptable to classroom conditions. This supports Akbar (2013), who states
that practical teaching materials should be easy to use without imposing
additional burdens on teachers. 


The recapitulation of the data
analysis results from the students’ questionnaire responses regarding the
worksheet is presented in the following Table 4.


Table 4. Student Responses





 
  
   	
   Aspect

   
   	
   Percentage (%)

   
  

 
 
  	
  Learning Experience

  
  	
  98

  
 

 
  	
  Understanding

  
  	
  98

  
 

 
  	
  Cultural Context

  
  	
  99

  
 

 
  	
  Average

  
  	
  98

  
 







 


Student responses reached an average
of 98%, reflecting high engagement and positive learning experiences. The
highest score was observed in the cultural context aspect, indicating that
integrating local wisdom enhances relevance and motivation. This finding is
consistent with Prastowo (2015), who
emphasizes that contextual learning materials promote active participation and
deeper understanding.


Effectiveness of the Worksheet


The results of the data analysis on
students’ graduate profile competencies before the implementation of the
physics co-curricular worksheet are presented in Table 5 below.


Table 5. Pretest–Posttest Results





 
  
   	
   Dimension

   
   	
   Pretest

   
   	
   Posttest

   
  

 
 
  	
  Citizenship

  
  	
  72

  
  	
  95

  
 

 
  	
  Critical Thinking

  
  	
  63

  
  	
  86

  
 

 
  	
  Creativity

  
  	
  66

  
  	
  85

  
 

 
  	
  Collaboration

  
  	
  77

  
  	
  93

  
 

 
  	
  Independence

  
  	
  63

  
  	
  90

  
 







 


The effectiveness results show
significant improvement in students’ competencies across all dimensions.
Pretest results indicate moderate initial performance, while posttest results
demonstrate substantial improvement, particularly in citizenship and
collaboration. This aligns with Firdausi
& Suchayo (2021), who highlight
the importance of contextual learning in improving understanding.


Subsequently, the N-gain values of
graduate profile competencies for each dimension were determined, as presented
in Table 6 below.


Table 6. N-Gain Results





 
  
   	
   Dimension

   
   	
    

   
   	
   N-Gain

   
   	
   Category

   
  

 
 
  	
  Citizenship

  
  	
   

  
  	
  0.82

  
  	
  High

  
 

 
  	
  Critical
  Thinking

  
  	
   

  
  	
  0.61

  
  	
  Moderate

  
 

 
  	
  Creativity

  
  	
   

  
  	
  0,56

  
  	
  Moderate

  
 

 
  	
  Collaboration

  
  	
   

  
  	
  0,69

  
  	
  Moderate

  
 

 
  	
  Independence

  
  	
   

  
  	
  0,72

  
  	
  Moderate

  
 







 


The N-gain analysis shows that the
citizenship dimension achieved the highest score (0.82, high category), while
other dimensions showed moderate improvement. This indicates that the
integration of Mabbulo Sipeppa local wisdom has a strong impact on
students’ social and collaborative competencies.


From a pedagogical perspective, this
finding suggests that learning grounded in cultural values enhances not only
cognitive outcomes but also affective and social dimensions. This aligns with Putra et al. (2022), who argue
that integrating local culture into physics learning improves both conceptual
understanding and contextual relevance.


The findings of this study highlight that integrating
local wisdom into structured co-curricular worksheets effectively supports deep
learning. Unlike conventional approaches that focus primarily on content
delivery, this study emphasizes the integration of cultural context and
competency-based learning. This finding is consistent with the concept of deep
learning, which promotes meaningful, reflective, and contextual learning
experiences that encourage students to actively construct knowledge rather than
merely memorize information (Nofamataro
Zebua, 2025).
Furthermore, integrating local wisdom into science education has been shown to
strengthen contextual understanding while fostering students' appreciation of
their cultural heritage (Mahir et
al., 2024; M. A. Martawijaya & Mahir, 2025).


The high validity and practicality results indicate that
the worksheets are not only theoretically sound but also applicable in real
classroom settings. This confirms that effective instructional materials should
achieve a balance between pedagogical quality and ease of implementation (Akbar, 2013).
Moreover, well-designed worksheets facilitate students' active participation
and support independent learning through structured learning activities (Prastowo,
2015).
The expert validation results also suggest that the integration of Mabbulo
Sipeppa values into the worksheet aligns well with the objectives of
contextual physics learning.


The effectiveness results further demonstrate that
learning experiences grounded in local wisdom contribute to improving students'
competencies, particularly critical reasoning developed through collaborative
learning activities. These findings support previous studies reporting that
culturally responsive learning environments enhance students' conceptual
understanding, scientific literacy, and higher-order thinking skills by
connecting scientific concepts with familiar cultural practices (Astawa et
al., 2015; Laos & Tefu, 2020; Wiyono et al., 2024). The collaborative
values embedded in Mabbulo Sipeppa also provide meaningful opportunities
for students to develop communication, cooperation, and shared responsibility
during scientific investigations (Mahir et
al., 2024; M. A. Martawijaya & Mahir, 2025).


Moreover, the integration of co-curricular activities
enables students to actively construct knowledge through authentic learning
experiences, which is consistent with the principles of social constructivism
proposed by Vygotsky (1980). Through observation, discussion, reflection, and
collaborative problem-solving, students are encouraged to connect abstract
physics concepts with real-world phenomena. Such learning experiences support
deeper conceptual understanding and promote the development of critical reasoning,
one of the key competencies emphasized in Indonesia's Graduate Profile
framework (Anggraena et
al., 2025; Kemendikbudristek, 2022).


Overall, this study contributes to physics education by
proposing a culturally responsive and competency-oriented learning design that
integrates Mabbulo Sipeppa local wisdom into structured co-curricular
learning to support deep learning. The findings reinforce previous research
indicating that contextual learning based on local wisdom not only improves
learning outcomes but also preserves cultural values while preparing students
with the competencies required for twenty-first-century education (Mahir et
al., 2024; M. A. Martawijaya & Mahir, 2025).


 


CONCLUSIONS AND RECOMMENDATIONS


This study developed
a physics co-curricular worksheet based on Mabbulo Sipeppa local wisdom
to support students' critical reasoning within a deep learning framework. The
findings indicate that the worksheet meets the essential criteria of
educational product quality, demonstrating high validity, practicality, and
moderate effectiveness. Expert validation confirmed excellent content validity
(Gregory index = 1.00), with feasibility ratings of 85.42% from media experts
and 85.83% from subject matter experts. Positive responses from teachers (97%)
and students (98%) further showed that the worksheet is practical and suitable
for implementation in physics co-curricular activities. In addition, the
effectiveness analysis revealed a moderate improvement in students' critical
reasoning (N-gain = 0.60), particularly in questioning, argument analysis, and
reflective thinking.


The novelty of this
study lies in integrating the mabbulo sipeppa philosophy into a
structured physics co-curricular worksheet, demonstrating that culturally
responsive instructional materials can simultaneously strengthen critical
reasoning and preserve local wisdom while supporting deep learning. Future
studies are recommended to involve larger and more diverse samples, examine the
long-term effects of the worksheet, and explore its integration with
instructional models such as Problem-Based Learning, Inquiry-Based Learning, or
Project-Based Learning to further enhance its effectiveness.


 


FURTHER STUDY


Future studies should extend this
research by conducting large-scale experimental investigations involving
multiple schools and different geographical regions to improve the external
validity of the findings. Further research is also recommended to examine the
long-term effects of the mabbulo sipeppa-based co-curricular worksheet
on students' critical reasoning, scientific literacy, collaboration, and
problem-solving skills within the deep learning framework. Additionally,
integrating the worksheet with technology-enhanced learning environments, such
as Learning Management Systems (LMS), virtual laboratories, or AI-assisted
learning platforms, may provide new insights into culturally responsive physics
instruction. Comparative studies involving different forms of Indonesian local
wisdom are likewise recommended to determine the broader applicability of
ethnophysics-based instructional materials in supporting meaningful and
sustainable science education.
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