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Abstract 

Critical thinking and collaboration are 21st-century skills that remain a challenge in science learning. The purpose 

of this study was to examine the effect of integrating Kentrung Bondowoso art into inquiry-based science learning 

on critical thinking and collaboration. The research design used was a quasi-experimental study using a pre-test 

and post-test control group. In the experimental group, inquiry-based science learning was implemented that 

integrated scientific phenomena found in the Kentrung Bondowoso art, while in the control group, inquiry-based 

science teaching was conducted. Critical thinking was assessed through an essay test, and collaboration was 

evaluated using an observation sheet. Descriptive statistical analysis was conducted to determine the mean, 

standard deviation, and level of achievement gain. The ANCOVA test was applied to determine the impact of 

learning innovation on critical thinking and collaboration. The results of statistical tests showed that between the 

experimental group and the control group, there was a significant difference in critical thinking (p < .05), and 

there was no significant difference in collaboration (p > .05). The findings showed that integrating Kentrung 

Bondowoso art into inquiry-based science learning significantly influenced critical thinking but did not 

significantly affect collaboration. Students use the local cultural context to develop their thinking processes. This 

research result implies that the use of local cultural contexts, such as the Kentrung Bondowoso art form, continues 

to hold significant pedagogical value in science teaching, particularly in enhancing the relevance and 

meaningfulness of learning. 
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INTRODUCTION 

Critical thinking and collaboration are essential 21st-century skills and a key objective in 

science education. Critical thinking is a cognitive process (Bennett & Abusalem, 2024; 

Vincent-Lancrin, 2021) that involves reasoning and reflective thinking (Gerlich, 2025; Rivas 

et al., 2022). Critical thinking involves the competence to evaluate and use evidence, analyze 

arguments, understand implications, develop arguments, and comprehend explanations (Liu et 

al., 2014). These skills involve a mental process (Dinsmore & Fryer, 2023; Elen & Verburgh, 

2023), with sub-skills including interpretation, evaluation, analysis, inference, explanation, and 

self-regulation (Facione, 2011). Meanwhile, collaboration is the ability of two or more people 

to work together to complete tasks and achieve shared goals by sharing roles, knowledge, and 

responsibilities (Sonnenwald, 2007). Collaboration refers to the process by which pupils work 

together in science learning to achieve a shared learning objective: the mastery of scientific 

concepts (Odell et al., 2023). Pupils conduct joint investigations, discuss, and engage in critical 

debate to build scientific knowledge (Siiman et al., 2020). 
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Critical thinking and collaboration offer many benefits to students. Pupils with strong 

critical thinking skills will have a positive impact on their cognitive abilities (Kaur et al., 2019). 

These skills help students to understand science concepts better (Ma et al., 2023), solve 

problems (Almulla, 2023; Suryana et al., 2021), practice decision-making (Heri et al., 2017), 

and avoid misconceptions (Yolviansyah et al., 2022). Meanwhile, collaboration also offers 

many benefits for students. Collaboration in science learning can help students develop a range 

of essential skills (Ilma et al., 2021), such as communication, cooperation, mutual respect, and 

responsibility. Learning processes involving collaborative activities can motivate students 

(Loes, 2022) and promote a sense of liability (Isnawati et al., 2018), thereby impacting their 

learning achievement (Chen et al., 2024). 

Although it is a key competence for pupils, developing critical thinking and collaboration 

remains a challenge for students and teachers in science learning. Results from several studies 

indicate that critical thinking skills in science education remain unsatisfactory (Maharany et 

al., 2025; Putri et al., 2024). Pupils find it difficult to provide explanations and draw 

conclusions (Kranz et al., 2023). Pupils also struggle with analyzing, evaluating, and 

interpreting scientific concepts (Purwanto et al., 2019). Similarly, regarding collaboration 

skills, several studies indicate that students still struggle to discuss and work together (Yanto 

& Farid, 2024). These previous studies suggest that thinking skills and collaboration skills need 

to be continuously developed in the science learning process. 

Several learning innovations have been implemented to foster thinking skills and 

character traits in collaboration in science, but they still face various challenges. Traditional 

teaching, which is teacher-centered and emphasizes rote learning, has not yet developed critical 

thinking skills (Prayogi et al., 2024). Several researchers have sought to apply innovative and 

collaborative learning models to promote thinking skills, i.e., problem-based learning approach 

(Anggraeni et al., 2023), discovery learning (Chusni et al., 2021), and inquiry-based teaching 

(Arifin et al., 2025). These teaching and learning approaches are successful in developing 

thinking skills and collaboration character; however, their implementation still requires 

adequate contextual learning resources (Annam, 2023). Other studies have sought to develop 

contextual science learning resources to teach critical thinking skills (Tari & Rosana, 2019; 

Utami, 2024) and culturally based contextual science learning resources (Rodiah et al., 2025; 

Sari et al., 2024). Research indicates that contextual instructional resources are effective for 

teaching critical thinking. Meanwhile, some researchers have sought to combine innovative 

teaching models with culturally-based science learning resources (Prayogi et al., 2023; Sanova 

& Malik, 2023), which have been shown to foster thinking skills. 

Local cultural contexts have been extensively integrated into the implementation of 

innovative and collaborative learning models designed to teach thinking skills. One learning 

model widely adopted to integrate cultural contexts into teaching thinking skills is the inquiry 

model (Hardianti & Setiawan, 2023; Prayogi et al., 2023; Wati et al., 2021). However, 

integrating cultural contexts into learning often faces challenges due to a lack of curriculum 

examples and representations of science (Mkhwebane, 2024). On the other hand, the impact of 

certain local cultural contexts in Bondowoso Regency, East Java, on science learning has not 

yet been extensively studied. One example of local culture in the Bondowoso District is the art 

of Kentrung. The art of Kentrung in Bondowoso can be linked to the science curriculum content 

and representation of vibration and wave motion (Damayanti et al., 2025). The use of 

contextual, local, and cultural content in the education system can facilitate meaningful science 

learning experiences for students (Picardal & Sanchez, 2022). Therefore, this study tested 

inquiry-based science learning by integrating contextual scientific phenomena from the 

Kentrung art of Bondowoso to develop thinking skills and collaboration character. 

The theoretical framework of this research integrates constructivism, inquiry-based 

learning, the ethnoscience approach, and collaborative learning. According to constructivism, 

students should be encouraged to construct knowledge actively and think critically through 
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meaningful learning experiences under a teacher's guidance (Kwan & Wong, 2015). In this 

study, the art of Kentrung Bondowoso serves as a contextual experience closely related to 

students’ lives, thereby facilitating the construction of scientific concepts. Inquiry-based 

learning facilitates this process through the stages of observation, problem formulation, data 

collection and analysis, and concluding, all of which require students' active involvement 

(Palincsar et al., 1998). The integration of the Kentrung Bondowoso art form into an 

ethnoscience approach makes scientific concepts more relevant and authentic, as students link 

local cultural phenomena to them. For collaborative learning theory, group inquiry activities 

encourage social interaction through communication, discussion, negotiation, and problem-

solving cooperation (Yap, 2018). However, the development of collaborative skills is largely 

determined by how the collaborative process is designed, including the pattern of group 

activities, role allocation, and the quality of interaction among group members (Hall, 2014). 

Based on the theoretical framework, the integration of scientific phenomena of local 

cultural context in science learning is expected to create a contextual and meaningful learning 

experience that has the potential to develop critical thinking and collaboration skills. However, 

empirical evidence examining the effectiveness of integrating Kentrung Bondowoso art in 

inquiry-based science learning, particularly in developing critical thinking and collaboration 

skills, is lacking compared to inquiry learning without a local cultural context. Therefore, it is 

necessary to examine the integration of Bondowoso Kentrung art into inquiry-based learning 

and its impact on critical thinking and collaboration. Utilizing local culture as an innovative, 

contextual learning resource can enrich the dynamics of quality science learning, thereby 

supporting the development of 21st-century competencies. 

The issues to be examined in this study are: 

1) RQ1: What is the profile of students’ critical thinking and collaboration skills in inquiry-

based science learning that integrates contextual scientific phenomena from the Kentrung 

Bondowoso art form? 

2) RQ2: What is the effect of inquiry-based science learning that integrates contextual 

scientific phenomena from the Kentrung Bondowoso art form on critical thinking and 

collaboration skills? 

METHOD 

Research Design 

The study employed a quasi-experimental design with a pretest-posttest control group. 

The research design is illustrated in Figure 1. In the experimental group, inquiry-based learning 

was implemented using contextualized science teaching on vibrations and waves found in the 

Bondowoso kentrung art performance. In the control group, the teacher implemented inquiry-

based learning using standard activities, including experiments and discussion. Critical 

thinking skills were assessed twice, before and after the lessons. Collaboration skills were 

assessed twice: during the first and final lessons. 

 

 

Figure 1. The Research Design 
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Participants 

The research was conducted at a junior high school in Bondowoso, involving 176 

students in class VIII, who were distributed into six study groups. The research sample was 

selected using cluster random sampling, yielding two groups. To ensure that the classes had 

comparable abilities, a one-way ANOVA was first conducted on the scores from the existing 

daily quizzes. The experimental group comprised 30 students, 16 female and 14 male. The 

control group comprised 30 students, 17 female and 13 male. The experimental and control 

groups were determined by drawing lots. 

Experimental Units 

The science curriculum related to the Kentrung Bondowoso art form focuses on 

vibrations and waves. This material is taught over four lessons. The science topics covered, in 

sequence, are vibrations, transverse waves, longitudinal waves, and sound waves. In the 

experimental group, science learning employs an inquiry-based approach that integrates 

scientific phenomena found in the Kentrung Bondowoso art form. Pupils undertake the inquiry 

process, starting with observation, collecting and analyzing data, formulating conclusions, and 

reporting results. The learning resources used in the experimental group include teaching 

modules, ethnoscience-based pupil worksheets, Kentrung art equipment such as tambourines, 

trebeng, the narrator’s voice, and a guitar, as well as equipment and materials for vibration and 

wave experiments. In the control groups, science learning involved experiments and 

discussions on vibrations and waves. The learning resources used in the control group included 

teaching modules, student worksheets, and experimental equipment and materials for 

vibrations and waves. Details regarding the learning stages in both groups are shown in Table 

1. 

Table 1. Learning Stages 

Lesson Experiment Group Control Group 

1 Topic: vibration 

Inquiry process: the vibration of the trebeng beater 

and the vibration of the pendulum. 

Topic: vibration 

Experiment and discussion: 

vibration of a pendulum. 

2 Topic: transversal wave 

Inquiry process: strings and waves on the string. 

Topic: transversal wave 

Experiment and discussion: 

waves on the string. 

3 Topic: longitudinal wave 

Inquiry process: rebana, speaker's voice, and waves 

on the slinky. 

Topic: longitudinal wave 

Experiment and discussion: 

waves on the slinky. 

4 Topic: sound wave 

Inquiry process: sound waves on trebeng kendang, 

bass, and pethot (Kentrung musical instruments). 

Topic: sound wave 

Experiment and discussion: sound 

wave. 

Instruments 

Critical thinking skills, comprising six sub-skills, were assessed using a written essay test 

comprising 12 questions. The sub-skills assessed included interpretation, analysis, evaluation, 

inference, explanation, and self-regulation. Each sub-skill was assessed using two questions. 

The assessment score is based on students' answers. Each sub-skill is scored on a 1–4 scale 

using an assessment rubric and then converted to a 0–100 scale to determine the critical 

thinking score. Before use, the critical thinking test was validated by three learning experts. 

The results of the content validity analysis using Aiken's V coefficient ranged from 0.67 to 

1.00, indicating that the critical thinking assessment instrument is valid. The test's reliability 

was assessed using Cronbach’s alpha, which yielded a value of 0.77, indicating reliability. 

Collaborative skills, comprising three sub-skills, were measured using an observation 

sheet. Three observers conducted the assessments, with each observer evaluating 10 students 

in learning activity groups. The sub-skills measured included caring, cooperation, and sharing, 
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with a focus on the prosocial dimension (Kurniawati, 2019). Each sub-skill was scored on a 1–

4 scale using an assessment rubric and then converted to a 0–100 scale to determine the 

collaboration score. Prior to use, the observation instrument was validated by three science 

learning experts. The results of the content validity analysis using Aiken's V coefficient ranged 

from 0.67 to 1.00, indicating that the collaboration assessment instrument is valid. The 

reliability analysis using Cronbach’s alpha yielded a value of 0.81, indicating that the 

collaboration assessment instrument is reliable. 

Data Analysis 

Critical thinking skills were analyzed based on each student’s test scores. Collaboration 

skills were analyzed based on the observer's scores for each student. Based on the sub-skill 

scores, the mean, standard deviation, and gain level were determined. The achievement levels 

of sub-skills were categorized as high, medium, or low (Hake, 1998). To test the impact of the 

treatment on thinking and collaboration skills, an ANCOVA was conducted, preceded by 

prerequisite tests of normality and homogeneity. The effect size of the teaching strategy was 

determined using the partial eta-squared statistic. 

RESULTS AND DISCUSSION 

To answer research question RQ1, an analysis of the results from the critical thinking 

and collaboration skills assessments was conducted. The results of the assessment of sub-skills 

and thinking skills are shown in Table 2. The data are presented in descriptive statistical 

analyses, including mean scores, standard deviations, and normalized gain scores. 

Table 2. Summary of Descriptive Statistics and N-Gain Critical Thinking 

Skills 

Experiment (N=30) Control (N=30) 

Pretest Posttest 
n-gain 

Pretest Posttest 
n-gain 

Mean SD Mean SD Mean SD Mean SD 

Interpretation 3.83 0.59 6.93 0.58 0.74 

(High) 

3.87 0.57 6.50 0.51 0.64 

(Moderate) 

Analysis 2.93 0.45 5.87 0.68 0.58 

(Moderate) 

2.87 0.57 5.10 0.48 0.44 

(Moderate) 

Evaluation 2.67 0.55 5.67 0.61 0.56 

(Moderate) 

2.77 0.50 5.00 0.53 0.43 

(Moderate) 

Inference 3.60 0.56 6.70 0.65 0.70 

(High) 

3.57 0.50 6.03 0.56 0.56 

(Moderate) 

Explanation 3.73 0.45 6.87 0.63 0.73 

(High) 

3.80 0.55 6.33 0.48 0.60 

(Moderate) 

Critical Thinking  42.20 4.04 80.30 5.20 0.66 

(Moderate) 

42.77 4.80 72.70 4.37 0.52 

(Moderate) 

Table 2 shows that critical thinking achievement across all sub-skills increased. The 

increase was more pronounced in the experimental group than in the control group. In the 

experimental group, two thinking sub-skills were in the high category, whilst the other three 

were in the moderate category. In the control class, all critical thinking sub-skills remained in 

the moderate category. The scores indicate that the experimental group achieved better final 

thinking skills across all measured aspects. Thus, it can be said that science learning in the 

experimental group is better than in the control group for teaching sub-skills of critical thinking. 

For thinking skills, the initial abilities of both groups were relatively equal, but after the 

learning process, both groups showed improvement. Thinking skills were developed as a result 

of the innovative teaching strategy implemented in the experimental group. Although both were 

in the moderate improvement category, the experimental group's normalized gain indicated 

greater treatment effectiveness in developing thinking skills. The research data showed that the 

learning implemented in the experimental group had a more optimal impact than that in the 

control group. 
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The student collaboration competency profile is based on observational assessment 

results. The results of the collaboration skills assessment for both groups are shown in Table 

3. The data on collaboration skills are presented in mean scores, standard deviations, and 

normalized gain scores. 

Table 3. Summary of Descriptive Statistics and N-Gain Collaboration Skills 

Sub-Skills 

Experiment (N=30) Control (N=30) 

Pretest Posttest 
n-gain 

Pretest Posttest 
n-gain 

Mean SD Mean SD Mean SD Mean SD 

Caring 1.53 0.57 2.80 0.48 0,51 

(Moderate) 

1.47 0.51 2.83 0.46 0.54 

(Moderate) 

Cooperative 1.77 0,43 3.43 0.57 0,75 

(High) 

1.80 0.48 3.37 0.56 0.71 

(High) 

Sharing 2.17 0.46 3.27 0.45 0.60 

(Moderate) 

2.17 0.46 3.30 0.53 0.62 

(Moderate) 

Collaboration 45.53 9.97 79.20 10.20 0.62 

(Moderate) 

45.27 9.95 79.43 9.70 0.62 

(Moderate) 

Table 3 shows that collaboration outcomes across all skill areas improved following the 

intervention. Both groups showed relatively similar improvements in collaboration skills. 

Improvements in the sub-skills of cooperation and sharing reached the high category, whilst 

caring and collaboration fell into the moderate category. No significant differences were 

observed between the two groups, as the normalized gain scores for each aspect were almost 

identical. The research results indicate that inquiry-based science learning integrated with local 

culture is similar to inquiry-only classes in terms of teaching collaboration. The use of local 

cultural context did not significantly increase collaboration. 

To answer research question RQ 2, the critical thinking and collaboration scores achieved 

by both groups need to be statistically tested. To this end, normality and homogeneity tests 

must be conducted as prerequisites for performing parametric statistical tests. The results of 

the descriptive statistical tests, including mean scores, standard deviations, and data normality 

and homogeneity, are shown in Table 4. 

Table 4. Results of Normality and Homogeneity Tests 

Skills Test Group N Normality Homogeneity 

Critical thinking Pretest - Experiment 30 0.179 0.572 

- Control 30 0.293 

Posttest - Experiment 30 0.234 0.281 

- Control 30 0.187 

Collaboration Pretest - Experiment 30 0.083 0.972 

- Control 30 0.087 

Posttest - Experiment 30 0.075 0.144 

- Control 30 0.092 

Table 4 shows that all data on critical thinking and collaboration skills in both groups 

follow a normal distribution. The results of the analysis indicate that the significance value of 

the normality test is greater than 0.05. A normal distribution indicates that students’ scores are 

symmetrical and do not exhibit extreme outliers; consequently, the data are considered 

representative of students’ overall abilities. With these assumptions, the data are suitable for 

parametric statistical analysis. The results of the ANOVA tests on critical thinking and 

collaboration are presented in Tables 5 and 6, respectively. 

Table 5. Results of The ANCOVA Test of Critical Thinking 

Source Sum of sqr. df Mean sqr. F Sig. 

Corrected model 1988.522 2 994.261 261.795 0.000 

Intercept 740.675 1 740.675 195.024 0.000 
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Source Sum of sqr. df Mean sqr. F Sig. 

Pretest 1122.122 1 1122.122 295.462 0.000 

Group 994.997 1 994.997 261.989 0.000 

Error 216.478 57 3.798   

Total 353340.000 60    

Corrected total 2205.000 59    

Table 6. Results of The ANCOVA Test of Collaboration 

Source Sum of sqr. df Mean sqr. F Sig. 

Corrected model 5491.225 2 2745.612 616.727 0.000 

Intercept 3261.038 1 3261.038 732.504 0.000 

Pretest 5490.408 1 5490.408 1233.271 0.000 

Group 3.657 1 3.657 0.822 0.369 

Error 253.759 57 4.452   

Total 383213.000 60    

Corrected total 5744.983 59    

Table 5 shows that there was a significant difference in critical thinking skills between 

the two groups following inquiry-based learning that integrated Bondowoso Kentrung art, with 

F = 261.989 (p < .05). The covariate variable (pre-test) contributed to critical thinking skills 

following the learning process, with F = 295.462 (p < .05). These findings indicate that the 

implementation of inquiry-based learning integrating Bondowoso Kentrung art in the 

experimental group was effective in developing critical thinking skills when compared to 

standard inquiry-based learning in the control group. 

Table 6 shows that there was no significant difference in collaboration between the two 

groups following inquiry-based learning that integrated Bondowoso Kentrung art, with F = 

0.822 (p > .05). However, the covariate (pre-test) contributed to collaboration following the 

learning process, with F = 1233.271 (p < .05). These findings indicate that the implementation 

of inquiry-based learning integrating Bondowoso Kentrung art in the experimental group was 

no more effective than standard inquiry-based learning in the control group in developing 

collaboration. 

The results indicate that integrating the Bondowoso Kentrung art event into inquiry-

based science learning significantly promotes the thinking skills. These findings suggest that 

local cultural contexts, when combined with the inquiry process, can serve as an effective 

learning tool for teaching thinking skills. Inquiry-based learning positions pupils as actors in 

the discovery of scientific knowledge. Pupils engage in the inquiry process by observing 

phenomena, identifying problems, asking questions, analyzing information, and drawing 

conclusions based on evidence. When the inquiry process is integrated with the context of 

Bondowoso Kentrung art, pupils do not merely learn scientific concepts in the abstract but 

relate them to real-world phenomena close to their lives and culture, thereby making the 

thinking process more meaningful. This real-world context helps pupils connect scientific 

concepts to empirical experiences, thereby fostering meaningful learning (Sari et al., 2024). 

Bondowoso Kentrung art serves as a contextual stimulus that sparks students’ curiosity. 

When students observe the sound of the tambourine in a Kentrung performance, they are 

confronted with a real-world phenomenon that can be scientifically examined: the transverse 

waves on the instrument’s membrane and the longitudinal waves in the propagation of sound 

through the air. Direct observation and analysis of real-world scientific phenomena can help 

students engage in complex thinking processes (Pahome, 2023). Pupils can explain that a 

harder strike on the tambourine produces a greater amplitude of vibration, making the sound 

louder. Pupils can conclude that the differences in sound between tambourines are caused by 

differences in the size of the instrument, the tension of the drumhead, or the way they are struck. 

Pupils can also evaluate whether conclusions drawn from their observations are consistent with 

scientific theory. 
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These findings support the constructivist theory, which states that knowledge is actively 

constructed through experience and interaction with the environment. The integration of local 

culture provides prior knowledge that is more closely aligned with students’ experiences, 

thereby facilitating the process of constructing new concepts (Jufrida et al., 2025). 

Furthermore, the results of this study are relevant to the ethnoscience strategy, which 

emphasizes linking science with local cultural knowledge and practices to make learning more 

relevant and contextual (Mulyono et al., 2024). The Kentrung Bondowoso art performance 

relates to scientific knowledge about vibrations and waves. 

The results of the study indicate that integrating the Kentrung Bondowoso art context 

into inquiry-based science learning does not have a significant effect on students’ collaboration 

skills compared to inquiry-based learning without this integration. These findings suggest that 

improvements in collaboration skills are influenced more by the characteristics of inquiry-

based learning than by the learning context used. In inquiry-based learning, students were 

equally involved in group activities such as identifying problems, discussing hypotheses, 

making observations, analyzing data, and drawing conclusions together. This series of 

activities naturally requires social interaction, communication, task sharing, negotiation of 

ideas, and shared responsibility, all of which are main components of collaborative skills (Sam, 

2024). Therefore, both groups had relatively equal opportunities to develop collaborative skills, 

so the addition of the Kentrung Bondowoso art context did not result in a statistically significant 

difference. 

The lack of significance of cultural context can also be explained by the view that the 

learning context acts more as a catalyst for cognitive engagement than as the primary 

determinant of social interaction. In this study, the Kentrung Bondowoso art form served as an 

authentic context that helped students master science topics in a more tangible and meaningful 

way, thereby more strongly encouraging the development of thinking skills. However, 

collaboration skills depend more on the design of group activities, task structure, role 

distribution, and the quality of interactions among group members than on the type of learning 

context (Han et al., 2025). Unlike cognitive abilities, which can change within a relatively short 

period, collaborative skills are social skills that develop gradually through consistent and 

repeated practice (Buser et al., 2026). Consequently, integrating local cultural contexts requires 

a longer implementation period for the impact on collaboration to become more evident. 

These findings provide implications that the use of local cultural contexts, such as the 

Kentrung Bondowoso art form, continues to hold significant pedagogical value in science 

teaching, particularly in enhancing the relevance and meaningfulness of learning; however, it 

does not necessarily directly improve all 21st-century skills simultaneously. To optimize the 

development of collaboration skills, the integration of local culture should be supported by 

learning strategies explicitly designed to foster collaboration, such as project-based 

assignments, structured role-sharing, peer assessment, and collaborative problem-solving. 

Thus, the findings of this study confirm that the local cultural context enhances the quality of 

the learning experience, whilst the development of collaborative skills is more strongly 

determined by the design of interactions within the learning model. Consequently, it is not 

enough for teachers to incorporate the local context into their teaching; they must also design 

structured collaborative mechanisms to maximize the potential for developing pupils’ 

collaborative skills. 

The strength of this study, compared with previous research, lies in its use of local 

performing arts as a context for science learning. Previous studies have generally used the 

natural environment or everyday problems as contexts, whereas this study demonstrates that 

local cultural arts, such as Kentrung Bondowoso, can also serve as an effective learning 

resource. This result reinforces the idea that integrating local culture not only contributes to 

cultural preservation but also enhances the quality of science learning. Thus, the findings of 

this study confirm that inquiry-based science learning integrated with local culture, particularly 
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through the context of the Kentrung Bondowoso art form, is an effective and innovative 

alternative for learning, especially in developing thinking skills. The integration of local culture 

into learning not only makes scientific concepts more contextual, relevant, and easier to 

understand but also encourages students to connect scientific knowledge with the socio-cultural 

realities of their environment (Mulyono et al., 2024). This result supports meaningful learning, 

as students do not merely accept concepts on a theoretical level but construct their own 

understanding through authentic learning experiences. From a pedagogical perspective, this 

approach reinforces the role of inquiry-based learning as a strategy that stimulates higher-order 

thinking through observation, analysis, data interpretation, and evidence-based conclusion-

drawing. In practical terms, the findings of this study suggest that teachers need to be more 

creative in utilizing the potential of local culture as a learning resource to create innovative, 

adaptive, and student-centered science lessons. Furthermore, this study contributes to 

improving the ethnoscience approach in science education by demonstrating that local 

traditional arts serve not only as a medium for cultural preservation but also as an effective 

pedagogical tool to improve the quality of the learning process and students’ 21st-century 

thinking skills. 

CONCLUSION 

This study examined the effect of integrating scientific phenomena into Kentrung 

Bondowoso art on critical thinking and collaboration. Inquiry-based science learning, 

integrated with Kentrung Bondowoso art, effectively enhances thinking skills in the 

experimental group. Different results occurred in collaboration skills: students' collaboration 

skills in the experimental group did not differ significantly from those in the control group. 

With inquiry learning, students are active in observing phenomena, identifying problems, 

asking questions, analyzing information, and drawing conclusions based on evidence, thereby 

developing their interpretation, analysis, evaluation, and inference skills. Meanwhile, 

collaboration skills are more influenced by the features of inquiry-based learning itself than by 

the science context used. 

The findings imply that the use of local cultural contexts, such as Kentrung Bondowoso 

art, still has important pedagogical value in science learning, but does not necessarily directly 

enhance all 21st-century competencies simultaneously. Furthermore, the integration of local 

culture should be supported by learning strategies explicitly designed to foster collaboration, 

such as project-based assignments, structured role-sharing, peer assessment, and collaborative 

problem-solving. A limitation of this study is the relatively short learning duration, which 

prevented the optimal development of the influence of local culture on collaboration in inquiry-

based learning. Collaboration as a character trait requires intensive development and ongoing 

practice. Another limitation is the small size and scope of the study sample, which was 

restricted to one grade level in one school. Therefore, generalizing the research results to 

broader educational contexts requires caution. Future research is therefore recommended to 

investigate the integration of local cultural contexts into science learning over a longer period 

and across a wider range of students and schools. 

RECOMMENDATION  

Some of the recommendations made are: 1) conducting research with a longer 

implementation period; 2) involving a larger sample from a variety of schools; 3) developing 

a learning design that provides opportunities for more intensive and repeated collaboration. 

ACKNOWLEDGMENTS  

The author would like to express his gratitude to the Directorate of Research and Community Service of the 

Ministry of Higher Education, Science, and Technology for providing the financial support that enabled this 

research to be carried out successfully. The author would also like to thank the school, teachers, and pupils who 

participated and provided support throughout the research. The contributions and cooperation of all parties were 

instrumental to the success of this research. 



Damayanti et al. Integrating Bondowoso Kentrung Art into Inquiry ..….. 

 

 Prisma Sains: Jurnal Pengkajian Ilmu dan Pembelajaran Matematika dan IPA IKIP Mataram, July 2026. Vol. 14, No. 3 | 1209 
 

FUNDING INFORMATION  

This research was funded by the Directorate of Research and Community Service of the Ministry of Higher 

Education, Science, and Technology, grant number 072/C3/DT.05.00/PL/2025.  

AUTHOR CONTRIBUTIONS STATEMENT  

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Silvia Qaulina Damayanti ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓ ✓ 

Supeno ✓ ✓ ✓ ✓   ✓ ✓  ✓ ✓   ✓ 

Iis Nur Asyiah ✓ ✓ ✓ ✓          ✓ 

CONFLICT OF INTEREST STATEMENT  

Authors state no conflict of interest. 

DATA AVAILABILITY  

The data that support the findings of this study are available from the corresponding author upon reasonable 

request. 

REFERENCES 

Almulla, M. A. (2023). Constructivism learning theory: A paradigm for students’ critical 

thinking, creativity, and problem solving to affect academic performance in higher 

education. Cogent Education, 10(1). https://doi.org/10.1080/2331186X.2023.2172929 

Anggraeni, D. M., Prahani, B. K., Suprapto, N., Shofiyah, N., & Jatmiko, B. (2023). Systematic 

review of problem based learning research in fostering critical thinking skills. Thinking 

Skills and Creativity, 49, Article 101334. https://doi.org/10.1016/j.tsc.2023.101334 

Annam, S. (2023). The effect of science learning to improve critical thinking skills of middle 

school students: Literature study. AMPLITUDO: Journal of Science and Technology 

Innovation, 2(2), 78–83. https://doi.org/10.56566/amplitudo.v2i2.101 

Arifin, Z., Sukarmin, S., Saputro, S., & Kamari, A. (2025). The effect of inquiry-based learning 

on students’ critical thinking skills in science education: A systematic review and meta-

analysis. Eurasia Journal of Mathematics, Science and Technology Education, 21(3), 

Article em2592. https://doi.org/10.29333/ejmste/15988 

Bennett, L., & Abusalem, A. (2024). Artificial intelligence (AI) and its potential impact on the 

future of higher education. Athens Journal of Education, 11(3), 195–212. 

https://doi.org/10.30958/aje.11-3-2 

Buser, J. M., Masumo, M. M., August, E., Macha, S., Gray, R., Vwalika, B., Endale, T., 

Ngoma-Hazemba, A., & Smith, Y. R. (2026). Interdisciplinary collaborative skill 

development in a health research training program in Zambia. BMC Medical Education, 

26(1), Article 512. https://doi.org/10.1186/s12909-026-08867-8 

Chen, M. J., She, H. C., & Tsai, P. Y. (2024). The effects of online simulation-based 

collaborative problem-solving on students’ problem-solving, communication and 

collaboration attitudes. Education and Information Technologies, 29(14), 19141–19162. 

https://doi.org/10.1007/s10639-024-12609-y 

Chusni, M. M., Saputro, S., Rahardjo, S. B., & Suranto, S. (2021). Student’s critical thinking 

skills through discovery learning model using e-learning on environmental change 

subject matter. European Journal of Educational Research, 10(3), 1123–1135. 

https://doi.org/10.12973/eu-jer.10.3.1123 

Damayanti, S. Q., Supeno, S., & Asyiah, I. N. (2025). Development of e-module of science 

based on Bondowoso ethnoscience on vibration and wave material. Jurnal Paedagogy, 

12(3), 648. https://doi.org/10.33394/jp.v12i3.15315 

Dinsmore, D. L., & Fryer, L. K. (2023). Critical thinking and its relation to strategic processing. 

Educational Psychology Review, 35(1), Article 36. https://doi.org/10.1007/s10648-023-

09755-z 

Elen, J., & Verburgh, A. (2023). Fostering critical thinking: Features of powerful learning 

environments. European Journal of Education, 58(3), 434–446. 

https://doi.org/10.1111/ejed.12568 

https://doi.org/10.1080/2331186X.2023.2172929
https://doi.org/10.1016/j.tsc.2023.101334
https://doi.org/10.56566/amplitudo.v2i2.101
https://doi.org/10.29333/ejmste/15988
https://doi.org/10.30958/aje.11-3-2
https://doi.org/10.1186/s12909-026-08867-8
https://doi.org/10.1007/s10639-024-12609-y
https://doi.org/10.12973/eu-jer.10.3.1123
https://doi.org/10.33394/jp.v12i3.15315
https://doi.org/10.1007/s10648-023-09755-z
https://doi.org/10.1007/s10648-023-09755-z
https://doi.org/10.1111/ejed.12568


Damayanti et al. Integrating Bondowoso Kentrung Art into Inquiry ..….. 

 

 Prisma Sains: Jurnal Pengkajian Ilmu dan Pembelajaran Matematika dan IPA IKIP Mataram, July 2026. Vol. 14, No. 3 | 1210 
 

Facione, P. A. (2011). Critical thinking: What it is and why it counts. Insight Assessment. 

https://www.researchgate.net/profile/Peter_Facione/publication/251303244_Critical_T

hinking_What_It_Is_and_Why_It_Counts/links/5849b49608aed5252bcbe531/Critical-

Thinking-What-It-Is-and-Why-It-Counts.pdf 

Gerlich, M. (2025). AI tools in society: Impacts on cognitive offloading and the future of 

critical thinking. Societies, 15(1), Article 6. https://doi.org/10.3390/soc15010006 

Hake, R. R. (1998). Interactive-engagement versus traditional methods: A six-thousand-

student survey of mechanics test data for introductory physics courses. American Journal 

of Physics, 66(1), 64–74. https://doi.org/10.1119/1.18809 

Hall, B. M. (2014). Designing collaborative activities to promote understanding and problem-

solving. International Journal of E-Collaboration, 10(2), 55–71. 

https://doi.org/10.4018/ijec.2014040104 

Han, Z., Zhou, Z., Huang, C., Wang, X., Chen, G., & Huang, Q. (2025). Investigating the 

evolution of effective teams among middle school students: Insights from real-time 

collaborative learning. Interactive Learning Environments, 1–21. 

https://doi.org/10.1080/10494820.2025.2568908 

Hardianti, A. N., & Setiawan, B. (2023). Application of the ethnoscience-based guided inquiry 

learning model to improve science process skills in the material of the human excretory 

system. Science Education and Application Journal, 5(2), 109. 

https://doi.org/10.30736/seaj.v5i2.872 

Hasnunidah, N., Susilo, H., Irawati, M., & Suwono, H. (2019). The contribution of 

argumentation and critical thinking skills on students’ concept understanding in different 

learning models. Journal of University Teaching and Learning Practice, 17(1). 

https://doi.org/10.53761/1.17.1.6 

Heri, R., Hasan, D., Kartianom, Ezi, A., & Risqa, D. A. (2017). Teachers’ knowledge about 

higher-order thinking skills and its learning strategy. Problems of Education in the 21st 

Century, 76(2). 

Ihsan, M. S., & Pahmi, M. Z. (2022). Development of ethnoscience based interactive science 

module to improve student’s critical thinking ability. Jurnal Inovasi Pendidikan dan 

Sains, 3(3), 83–88. 

Ilma, S., Al-Muhdhar, M. H. I., Rohman, F., & Saptasari, M. (2021). Students collaboration 

skills in science learning. In Proceedings of the 2nd International Conference on 

Innovation in Education and Pedagogy (ICIEP 2020) (pp. 204–208). 

https://doi.org/10.2991/assehr.k.211219.037 

Isnawati, D., Ibrahim, M., Tjandrakirana, D., & Rusmansyah, D. (2018). Improving critical 

thinking skills and student responsibilities through collaborative based science learning 

(CBSL) model. In Proceedings of the 1st International Conference on Creativity, 

Innovation and Technology in Education (IC-CITE 2018) (Vol. 274, pp. 112–116). 

https://doi.org/10.2991/iccite-18.2018.25 

Jufrida, J., Kurniawan, W., Furqon, M., Anwar, K., Shidow Falah, H., & Riantoni, C. (2025). 

AI-driven ethnoscience learning: Enhancing physics education through Malay cultural 

insights. Journal of Information Technology Education: Innovations in Practice, 24, 

Article 013. https://doi.org/10.28945/5520 

Kaur, G., Awasthy, S., & Syed, U. G. (2019). Effect of critical thinking on cognitive 

enhancement. Defence Life Science Journal, 4(2), 117–121. 

https://doi.org/10.14429/dlsj.4.13201 

Kranz, J., Baur, A., & Möller, A. (2023). Learners’ challenges in understanding and performing 

experiments: A systematic review of the literature. Studies in Science Education, 59(2), 

321–367. https://doi.org/10.1080/03057267.2022.2138151 

https://www.researchgate.net/profile/Peter_Facione/publication/251303244_Critical_Thinking_What_It_Is_and_Why_It_Counts/links/5849b49608aed5252bcbe531/Critical-Thinking-What-It-Is-and-Why-It-Counts.pdf
https://www.researchgate.net/profile/Peter_Facione/publication/251303244_Critical_Thinking_What_It_Is_and_Why_It_Counts/links/5849b49608aed5252bcbe531/Critical-Thinking-What-It-Is-and-Why-It-Counts.pdf
https://www.researchgate.net/profile/Peter_Facione/publication/251303244_Critical_Thinking_What_It_Is_and_Why_It_Counts/links/5849b49608aed5252bcbe531/Critical-Thinking-What-It-Is-and-Why-It-Counts.pdf
https://doi.org/10.3390/soc15010006
https://doi.org/10.1119/1.18809
https://doi.org/10.4018/ijec.2014040104
https://doi.org/10.1080/10494820.2025.2568908
https://doi.org/10.30736/seaj.v5i2.872
https://doi.org/10.53761/1.17.1.6
https://doi.org/10.2991/assehr.k.211219.037
https://doi.org/10.2991/iccite-18.2018.25
https://doi.org/10.28945/5520
https://doi.org/10.14429/dlsj.4.13201
https://doi.org/10.1080/03057267.2022.2138151


Damayanti et al. Integrating Bondowoso Kentrung Art into Inquiry ..….. 

 

 Prisma Sains: Jurnal Pengkajian Ilmu dan Pembelajaran Matematika dan IPA IKIP Mataram, July 2026. Vol. 14, No. 3 | 1211 
 

Kurniawati, F. (2019). Validation of social skills measurement tools for special needs student. 

IJDS Indonesian Journal of Disability Studies, 6(1), 119–127. 

https://doi.org/10.21776/ub.IJDS.2019.006.01.16 

Kwan, Y. W., & Wong, A. F. L. (2015). Effects of the constructivist learning environment on 

students’ critical thinking ability: Cognitive and motivational variables as mediators. 

International Journal of Educational Research, 70, 68–79. 

https://doi.org/10.1016/j.ijer.2015.02.006 

Liu, O. L., Frankel, L., & Roohr, K. C. (2014). Assessing critical thinking in higher education: 

Current state and directions for next-generation assessment. ETS Research Report Series, 

2014(1), 1–23. https://doi.org/10.1002/ets2.12009 

Loes, C. N. (2022). The effect of collaborative learning on academic motivation. Teaching and 

Learning Inquiry, 10. https://doi.org/10.20343/teachlearninqu.10.4 

Ma, X., Zhang, Y., & Luo, X. (2023). Students’ and teachers’ critical thinking in science 

education: Are they related to each other and with physics achievement? Research in 

Science & Technological Education, 41(2), 734–758. 

https://doi.org/10.1080/02635143.2021.1944078 

Maharany, K. P., Annisa, Z. S., Suharso, I., & Widjajanto, B. (2025). Analisis tingkat 

kemampuan berpikir kritis siswa kelas V dalam pembelajaran IPA di sekolah dasar. 

DIDAKTIKA: Jurnal Pemikiran Pendidikan, 31(2), 337–355. 

https://doi.org/10.30587/didaktika.v31i2.9844 

Mkhwebane, L. N. (2024). Life sciences teachers’ integration of indigenous knowledge: A 

vision for making science classrooms culturally responsive. Eurasia Journal of 

Mathematics, Science and Technology Education, 20(8), Article em2483. 

https://doi.org/10.29333/ejmste/14859 

Mulyono, Y., Sapuadi, S., Yuliarti, Y., & Sohnui, S. (2024). A framework for building 

scientific literacy through an inquiry learning model using an ethnoscience approach. 

International Journal of Advanced and Applied Sciences, 11(8), 158–168. 

https://doi.org/10.21833/ijaas.2024.08.017 

Odell, M. R. L., Dyer, K., & Klett, M. D. (2023). Collaboration and communication in science 

and technology education. In Contemporary issues in science and technology education 

(pp. 283–294). Springer. https://doi.org/10.1007/978-3-031-24259-5_20 

Pahome, D. (2023). Observation sheet: An essential tool for facilitating learning. Romanian 

Review of Geographical Education, 12(1–2), 5–16. 

https://doi.org/10.23741/RRGE20231 

Palincsar, A. S., Magnusson, S. J., Marano, N., Ford, D., & Brown, N. (1998). Designing a 

community of practice. Teaching and Teacher Education, 14(1), 5–19. 

https://doi.org/10.1016/S0742-051X(97)00057-7 

Picardal, M. T., & Sanchez, J. M. P. (2022). Effectiveness of contextualization in science 

instruction to enhance science literacy in the Philippines: A meta-analysis. International 

Journal of Learning, Teaching and Educational Research, 21(1), 140–156. 

https://doi.org/10.26803/ijlter.21.1.9 

Prayogi, S., Ahzan, S., Indriaturrahmi, Rokhmat, J., & Verawati, N. N. S. P. (2023). Dynamic 

blend of ethnoscience and inquiry in a digital learning platform (e-learning) for 

empowering future science educators’ critical thinking. Journal of Education and E-

Learning Research, 10(4), 819–828. https://doi.org/10.20448/jeelr.v10i4.5233 

Prayogi, S., Bilad, M. R., Verawati, N. N. S. P., & Asy’ari, M. (2024). Inquiry vs. inquiry-

creative: Emphasizing critical thinking skills of prospective STEM teachers in the 

context of STEM learning in Indonesia. Education Sciences, 14(6), Article 593. 

https://doi.org/10.3390/educsci14060593 

https://doi.org/10.21776/ub.IJDS.2019.006.01.16
https://doi.org/10.1016/j.ijer.2015.02.006
https://doi.org/10.1002/ets2.12009
https://doi.org/10.20343/teachlearninqu.10.4
https://doi.org/10.1080/02635143.2021.1944078
https://doi.org/10.30587/didaktika.v31i2.9844
https://doi.org/10.29333/ejmste/14859
https://doi.org/10.21833/ijaas.2024.08.017
https://doi.org/10.1007/978-3-031-24259-5_20
https://doi.org/10.23741/RRGE20231
https://doi.org/10.1016/S0742-051X(97)00057-7
https://doi.org/10.26803/ijlter.21.1.9
https://doi.org/10.20448/jeelr.v10i4.5233
https://doi.org/10.3390/educsci14060593


Damayanti et al. Integrating Bondowoso Kentrung Art into Inquiry ..….. 

 

 Prisma Sains: Jurnal Pengkajian Ilmu dan Pembelajaran Matematika dan IPA IKIP Mataram, July 2026. Vol. 14, No. 3 | 1212 
 

Purwanto, Y. P. B., Masykuri, M., Soeparmi, & Elisanti, E. (2019). Analysis of science 

students critical thinking skill in junior high school. Journal of Physics: Conference 

Series, 1233(1), Article 012086. https://doi.org/10.1088/1742-6596/1233/1/012086 

Putri, A. N. L., Sutarto, S., & Wahyuni, D. (2024). Meta analisis kemampuan berpikir kritis 

siswa SMP dalam pembelajaran IPA. Jurnal Penelitian Pembelajaran Fisika, 15(1), 43–

48. https://doi.org/10.26877/jp2f.v15i1.15580 

Rivas, S. F., Saiz, C., & Ossa, C. (2022). Metacognitive strategies and development of critical 

thinking in higher education. Frontiers in Psychology, 13, Article 913219. 

https://doi.org/10.3389/fpsyg.2022.913219 

Rodiah, S., Herayanti, L., Sukroyanti, B. A., Gummah, S., Habibi, H., & Joselevich, M. (2025). 

Development of ethnoscience-based physics teaching materials on the topic of motion 

dynamics to enhance students’ critical thinking skills. International Journal of 

Ethnoscience and Technology in Education, 2(2), 223–242. 

https://doi.org/10.33394/ijete.v2i2.16997 

Sam, R. (2024). Systematic review of inquiry-based learning: Assessing impact and best 

practices in education. F1000Research, 13, Article 1045. 

https://doi.org/10.12688/f1000research.155367.1 

Sanova, A., & Malik, A. (2023). The influence of ethnoscience approach through problem 

based learning model on science literacy ability in buffer solution material. Jurnal 

Penelitian Pendidikan IPA, 9(7), 5498. https://doi.org/10.29303/jppipa.v9i7.1612 

Sari, M. P., Muttaqiin, A., Putri, R. E., & Oktavia, R. (2024). Integrating ethnoscience on 

critical-thinking oriented web-based e-module of secondary school science. Jurnal 

Penelitian Pendidikan IPA, 10(1), 371–384. https://doi.org/10.29303/jppipa.v10i1.5928 

Siiman, L. A., Rannastu-Avalos, M., & Maeots, M. (2020). Developing smart device friendly 

asymmetric simulations for teaching collaborative scientific inquiry. In 2020 IEEE 20th 

International Conference on Advanced Learning Technologies (ICALT) (pp. 130–131). 

https://doi.org/10.1109/ICALT49669.2020.00045 

Sonnenwald, D. H. (2007). Scientific collaboration. Annual Review of Information Science and 

Technology, 41(1), 643–681. https://doi.org/10.1002/aris.2007.1440410121 

Suryana, D., Yulia, R., & Safrizal. (2021). Model of questioning skill teacher for developing 

critical thinking skill in early childhood education in West Sumatra, Indonesia. 

Educational Sciences: Theory and Practice, 21(2), 101–114. 

https://doi.org/10.12738/jestp.20212.007 

Tari, D. K., & Rosana, D. (2019). Contextual teaching and learning to develop critical thinking 

and practical skills. Journal of Physics: Conference Series, 1233(1), Article 012102. 

https://doi.org/10.1088/1742-6596/1233/1/012102 

Utami, N. N. (2024). Validity of integrated e-modules contextual teaching and learning 

approaches to material elasticity to improve high school critical thinking ability. Physics 

Learning and Education, 2(1), 39–47. https://doi.org/10.24036/ple.v2i1.84 

Vincent-Lancrin, S. (2021). Fostering students’ creativity and critical thinking in science 

education. In Education in the 21st century (pp. 29–47). Springer International 

Publishing. https://doi.org/10.1007/978-3-030-85300-6_3 

Wati, S., Al Idrus, A., & Syukur, A. (2021). Analysis of student scientific literacy: Study on 

learning using ethnoscience integrated science teaching materials based on guided 

inquiry. Jurnal Pijar Mipa, 16(5), 624–630. https://doi.org/10.29303/jpm.v16i5.2292 

Yanto, N., & Farid, M. (2024). Literature review: Student’s collaboration skills in science 

learning. Kappa Journal, 8(3), 367–373. 

Yap, W. H. (2018). Supporting group learning using collaborative networked platforms. In 

Preparing the next generation of teachers for 21st century education (pp. 144–164). IGI 

Global Scientific Publishing. https://doi.org/10.4018/978-1-5225-4080-9.ch009 

https://doi.org/10.1088/1742-6596/1233/1/012086
https://doi.org/10.26877/jp2f.v15i1.15580
https://doi.org/10.3389/fpsyg.2022.913219
https://doi.org/10.33394/ijete.v2i2.16997
https://doi.org/10.12688/f1000research.155367.1
https://doi.org/10.29303/jppipa.v9i7.1612
https://doi.org/10.29303/jppipa.v10i1.5928
https://doi.org/10.1109/ICALT49669.2020.00045
https://doi.org/10.1002/aris.2007.1440410121
https://doi.org/10.12738/jestp.20212.007
https://doi.org/10.1088/1742-6596/1233/1/012102
https://doi.org/10.24036/ple.v2i1.84
https://doi.org/10.1007/978-3-030-85300-6_3
https://doi.org/10.29303/jpm.v16i5.2292
https://doi.org/10.4018/978-1-5225-4080-9.ch009


Damayanti et al. Integrating Bondowoso Kentrung Art into Inquiry ..….. 

 

 Prisma Sains: Jurnal Pengkajian Ilmu dan Pembelajaran Matematika dan IPA IKIP Mataram, July 2026. Vol. 14, No. 3 | 1213 
 

Yolviansyah, F., Siregar, J., & Maison. (2022). The relationship of critical thinking skills and 

misconceptions on science learning. Thinking Skills and Creativity Journal, 5(2), 52–61. 

https://doi.org/10.23887/tscj.v5i2.45465 

 

https://doi.org/10.23887/tscj.v5i2.45465

