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Abstract 
Science education plays a crucial role in equipping learners with the skills needed to navigate 21st-
century challenges. However, in Indonesia, science learning often remains limited to theoretical 
knowledge, with insufficient emphasis on process skills, higher-order thinking, and real-life applications. 
This study aimed to evaluate the effectiveness of an integrated instructional model combining 
Differentiated Challenge-Based Learning (DCBLM) and Problem-Based Creative Learning (PBCL) in 
improving students’ scientific competencies and perceptions of quality of life. Employing a mixed-
methods design, 120 participants including secondary and university students engaged in science 
activities for twelve weeks. Quantitative data were collected through validated Science Process Skills 
(SPS) and Higher-Order Thinking Skills (HOTS) tests, along with a Quality of Life (QoL) perception 
survey, while qualitative insights were gathered through semi-structured interviews. Results from paired-
sample t-tests showed significant improvements in SPS (M = 62.4 to 78.9), HOTS (M = 58.7 to 74.3), 
and QoL perceptions (M = 3.21 to 3.78), all with large effect sizes. Thematic analysis revealed learners’ 
ability to apply science in daily life, increased environmental awareness, and enhanced confidence in 
problem-solving. These findings confirm that the hybrid model not only strengthens scientific knowledge 
and thinking skills but also promotes sustainable practices and well-being. The study highlights the 
potential of contextualized science education to bridge pedagogical innovation with classroom realities 
and contribute to the Sustainable Development Goals (SDGs).. 
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1. Introduction 
Science education plays a pivotal role in shaping students’ competencies in the era of 

globalization and the Fourth Industrial Revolution. In Indonesia, the challenges facing science 
education remain multifaceted, encompassing teacher quality, the availability of resources, 
and pedagogical approaches that align with the demands of the 21st century. Faisal and Martin 
(2019) highlight that despite improvements in training and research in the field of science 
education, significant gaps remain in quality assurance, management, and cross-institutional 
research collaborations. The urgency to address these issues is underscored by the results of 
the 2018 Programme for International Student Assessment (PISA), which revealed that 
Indonesian students scored an average of 396 in science well below the OECD average of 
489 signifying the need for substantial reforms in science teaching and learning practices 
(OECD, 2020). An essential foundation of science education lies in the mastery of science 
process skills (SPS), which are fundamental to fostering deeper conceptual understanding. 
Recent research in Indonesian science education journals indicates that studies on SPS 
remain limited and there is a noticeable gap in the development and validation of instructional 
instruments as well as in the methodological rigor of existing studies (Muchson et al., 2024). 
Furthermore, the adoption of real-world, phenomenon-based learning approaches such as 
Science, Technology, Engineering, and Mathematics (STEM) education and the integration of 
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Sustainable Development Goals (SDGs) in classroom activities have shown positive outcomes 
in enhancing students’ scientific communication and problem-solving abilities (Fitriani et al., 
2018). 

STEM education, in particular, has demonstrated promising trends. Manalu and Chang 
(2025) applied latent profile analysis (LPA) to identify Indonesian primary students’ attitudes 
toward STEM education and their interest in STEM-related careers. Their findings indicated 
no significant variation in STEM interest based on gender, grade level, or school location, 
suggesting the importance of designing targeted and context-sensitive STEM strategies. In 
contrast, while many science teachers are capable of planning and implementing science-
based lessons, the execution of STEM learning often encounters contextual barriers such as 
limited access to authentic problem-based contexts (Qadar & Haryanto, 2019). This highlights 
the need for adaptive models that not only address cognitive skills but also respond to 
contextual realities in Indonesian classrooms.Practical challenges in science teaching further 
complicate implementation efforts. Agni et al. (2024) reported that junior high school teachers 
face limitations including inadequate laboratory facilities, insufficient professional training in  
formative assessment, and overcrowded classrooms—all of which diminish student 
engagement and conceptual mastery in science. In inclusive education settings, these 
challenges are compounded, as teachers must tailor instruction to diverse learner needs while 
adapting to frequent curriculum changes (Hayati et al., 2020). Such conditions create an urgent 
need for instructional innovations that are both pedagogically sound and practically feasible. 

Recent developments have introduced innovative instructional models designed to address 
these challenges. Paraniti et al. (2024) proposed the Differentiated Challenge-Based Learning 
Model (DCBLM), an integration of Challenge-Based Learning and differentiated instruction 
strategies, specifically aligned with the Indonesian Merdeka Curriculum and the competencies 
required in the 21st century. This approach emphasizes student-centered, problem-driven 
learning while accommodating individual learner needs. Similarly, a novel Problem-Based 
Creative Learning (PBCL) model, developed through the Delphi method, has demonstrated 
effectiveness in enhancing higher-order thinking skills (HOTS) such as analysis, evaluation, 
and creation within science learning (Setiawan et al., 2025). These models represent important 
steps toward addressing the dual imperatives of fostering deep scientific understanding and 
equipping students with creative problem-solving skills. Despite these advancements, several 
research gaps remain evident. First, while the importance of SPS in science learning is well 
recognized, few studies have rigorously examined its implementation in Indonesian 
classrooms using validated tools and locally relevant pedagogies. Second, although initial 
findings on primary students’ STEM interest are available, further investigations are needed to 
explore influencing factors and to develop targeted interventions. Third, innovative models 
such as DCBLM and PBCL require empirical validation across various educational contexts to 
establish their effectiveness in diverse school environments. Fourth, there is a shortage of 
studies examining the implementation of these models in real-world conditions, where teachers 
often face constraints such as limited infrastructure, large class sizes, and a wide range of 
learner needs.  

The present study aims to address these gaps by developing and empirically testing an 
integrated instructional model that combines the strengths of DCBLM and PBCL. The model 
is designed to be adaptable to the Indonesian educational context, aligning with the Merdeka 
Curriculum and responding to the realities of classroom practice. Specifically, this research 
seeks to: (1) develop and test the effectiveness of the integrated model in enhancing students’ 
science process skills and higher-order thinking skills; (2) evaluate its impact on students’ 
interest in STEM across primary, secondary, and upper secondary levels; and (3) explore the 
practical challenges and enabling factors for its implementation in authentic classroom 
settings. Novelty Statement: The novelty of this research lies in the introduction of an integrated 
instructional model that merges Differentiated Challenge-Based Learning (DCBLM) and 
Problem-Based Creative Learning (PBCL) in a manner tailored to the Indonesian context. 
Unlike previous approaches that focused on either differentiation or creative problem-solving 
independently, this hybrid model simultaneously emphasizes personalized learning and the 
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cultivation of higher-order cognitive abilities. Furthermore, the model incorporates rigorous 
validation through the Delphi method and is empirically tested under authentic school 
conditions conditions often overlooked in prior studies. By examining its effectiveness in 
improving science process skills, higher-order thinking skills, and STEM interest across 
multiple educational stages, the study offers both theoretical contributions and practical 
insights that can inform science education policies and practices locally and globally (Paraniti 
et al., 2024; Setiawan et al., 2025). Through this work, the study aims to bridge the divide 
between pedagogical innovation and practical application, offering an evidence-based model 
that not only advances academic discourse in science education but also addresses pressing 
classroom realities in Indonesia. By doing so, it contributes to the ongoing efforts to elevate 
the quality of science learning, foster student engagement, and prepare learners to meet the 
challenges of the 21st century.  

 
2. Method 

This study employed a mixed-methods research design that combined quantitative and 
qualitative approaches to examine the extent to which the application of natural science 
concepts in everyday life contributes to improved quality of life. The quantitative strand focused 
on measuring changes in scientific knowledge, science process skills (SPS), and higher-order 
thinking skills (HOTS), while the qualitative strand explored participants’ lived experiences, 
perceptions, and practical applications of scientific knowledge in daily contexts. This dual 
approach was selected to facilitate data triangulation and provide a more holistic 
understanding of the phenomenon under investigation. The participants comprised a purposive 
sample of 120 individuals, including secondary school students, university students, and adult 
learners from community education programs in Indonesia. This sample was deliberately 
selected to capture a diversity of educational backgrounds and varying degrees of exposure 
to science education. To be eligible, participants were required to have completed at least one 
year of formal science education and be engaged in activities or occupations where scientific 
knowledge could be applied. Data collection relied on a combination of standardized and 
researcher-developed instruments. The Science Process Skills (SPS) Test, adapted from 
validated instruments (Muchson et al., 2024), assessed competencies such as observation, 
hypothesis formulation, experimentation, interpretation, and drawing conclusions. The HOTS 
Assessment, grounded in Bloom’s taxonomy, evaluated participants’ abilities to analyze, 
evaluate, and create solutions to real-world problems. The Quality of Life (QoL) Perception 
Survey, adapted from the WHOQOL-BREF, captured self-reported measures of well-being, 
environmental awareness, and sustainable practices. In addition, a semi-structured interview 
guide was developed to gather qualitative insights into how participants applied scientific 
knowledge in daily life, the challenges they faced, and their perceptions of science’s societal 
impact. 

The study was conducted over a period of twelve weeks and unfolded in three main 
phases. During the pre-test phase, participants completed the SPS test, HOTS assessment, 
and QoL survey to establish baseline measures. This was followed by the instructional 
intervention phase, in which participants engaged in a series of science learning activities 
structured around the Differentiated Challenge-Based Learning Model (DCBLM) and Problem-
Based Creative Learning (PBCL) frameworks (Paraniti et al., 2024; Setiawan et al., 2025). 
These activities included hands-on experiments, community-based problem-solving projects, 
and guided reflection sessions designed to connect theoretical concepts with real-life 
applications. In the post-test phase, participants retook the SPS and HOTS assessments as 
well as the QoL survey, after which a subset of 24 participants participated in in-depth 
interviews to elaborate on their learning experiences and perceived life impacts. Quantitative 
data analysis involved the use of paired-sample t-tests to compare pre- and post-intervention 
scores on the SPS, HOTS, and QoL measures. Effect sizes were calculated using Cohen’s d 
to determine the magnitude of observed changes, and multiple regression analysis was 
conducted to explore the predictive relationship between science process skills and 
improvements in quality of life. Qualitative data from interviews were transcribed and analyzed 
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using thematic analysis following Braun and Clarke’s six-step framework. Two independent 
researchers coded the transcripts, and any discrepancies were resolved through discussion to 
ensure inter-rater reliability. The integration of quantitative and qualitative findings through data 
triangulation strengthened the interpretative validity of the results. Ethical approval for the 
study was obtained from the Institutional Review Board (IRB) of Universitas Udayana. Prior to 
data collection, participants were provided with detailed information about the research 
objectives, procedures, potential risks, and anticipated benefits. Written informed consent was 
obtained from all participants, and they were assured of their right to withdraw at any stage 
without consequences. To maintain confidentiality, all identifying information was removed 
from the datasets, and digital records were stored securely in password-protected files 
accessible only to the research team. 

 
3. Results and Discussion 

The main objective of this study was to investigate how the integration of the Differentiated 
Challenge-Based Learning Model (DCBLM) and Problem-Based Creative Learning (PBCL) 
could enhance learners’ Science Process Skills (SPS), Higher-Order Thinking Skills (HOTS), 
and perceptions of Quality of Life (QoL). Additionally, the research aimed to explore how 
learners applied science knowledge in everyday contexts, developed stronger environmental 
awareness, and gained confidence in solving real-life problems through scientific approaches. 
The quantitative results showed statistically significant improvements across all three 
dimensions, with large effect sizes (Cohen’s d > 1.0). These findings indicate that the 
innovative instructional model did not only strengthen learners’ scientific skills but also 
positively influenced their perception of life quality. Meanwhile, the qualitative themes 
confirmed that learners were able to apply science meaningfully in their daily lives, adopt 
environmentally responsible behaviors, and build confidence in systematic problem-solving. 
Taken together, these findings confirm that the research objectives were successfully achieved 
in both cognitive and applied domains. 

 
Quantitative Findings 

Table 1 presents the pre-test and post-test results for Science Process Skills (SPS), 
Higher-Order Thinking Skills (HOTS), and Quality of Life (QoL) perception. The results show 
significant improvements across all three variables after the intervention 

 
Table 1. Pre-test and Post-test Results 

Variable 

 

Pre-test 

Mean 

(SD) 

 

Post-test 

Mean 

(SD) 

 

t-value 

 

p-value 

 

Cohen’s 

d 

 

Effect 

Size 

Science 

Process 

Skills 

(SPS) 
 

62.4 (8.7) 

 

78.9 (7.5) 

 

18.42 

 

<.001 

 

1.68 

 

Large 
 

Higher-

Order 

Thinking 

Skills 

(HOTS) 

58.7 (9.1) 

 

74.3 (8.4) 

 

17.05 

 

<.001 

 

1.55 

 

Large 
 

Quality of 

Life (QoL) 

Perception 

3.21 

(0.54) 

 

3.78 

(0.49) 

 

12.08 

 

<.001 

 

1.10 

 

Large 
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The paired-sample t-test results indicate statistically significant gains (p < .001) in all 
measured variables. Science Process Skills (SPS) improved markedly, with mean scores 
rising from 62.4 to 78.9, reflecting participants’ enhanced ability to observe, hypothesize, 
experiment, and interpret findings. Higher-Order Thinking Skills (HOTS) also showed strong 
improvement (58.7 to 74.3), indicating participants’ increased capacity to analyze, evaluate, 
and create solutions to real-world problems. Additionally, perceptions of Quality of Life (QoL) 
rose from 3.21 to 3.78, suggesting that participants not only gained academic skills but also 
perceived tangible benefits in their daily lives. The large effect sizes (Cohen’s d > 1.0) across 
all variables reinforce the practical significance of the intervention, beyond statistical 
significance. 
a. Improvement in Science Process Skills (SPS) 

As shown in Table 1, participants’ mean SPS scores increased from 62.4 to 78.9, 
reflecting a significant enhancement in their ability to observe, hypothesize, experiment, 
and interpret findings. This improvement highlights the importance of DCBLM and PBCL 
in moving beyond rote learning toward active engagement with scientific processes.This 
result aligns with Muchson et al. (2024), who emphasized that mastery of SPS is the 
foundation for deeper scientific understanding and essential for nurturing inquiry-based 
learning. The present study demonstrates that an instructional design integrating 
differentiated challenges and problem-based creativity can effectively foster these 
essential skills. Similarly, Faisal and Martin (2019) noted persistent gaps in science 
education quality in Indonesia, particularly regarding practical competencies. The 
significant gain in SPS observed here suggests that innovative models like DCBLM-PBCL 
can serve as a practical response to these systemic challenges. Furthermore, Agni et al. 
(2024) found that inadequate laboratory resources often limit the development of SPS. 
The present study shows that such barriers can be mitigated by contextually relevant, 
hands-on activities that do not necessarily depend on sophisticated laboratory settings. 

b. Improvement in Higher-Order Thinking Skills (HOTS) 
The mean HOTS scores rose from 58.7 to 74.3, confirming that participants became 

better at analyzing, evaluating, and generating creative solutions to authentic problems. 
The PBCL framework, in particular, played a crucial role in encouraging learners to think 
critically and creatively, consistent with Setiawan et al. (2025) who demonstrated that 
PBCL significantly boosts higher-order cognitive skills. These findings also support Fitriani 
et al. (2018), who found that phenomenon-based STEM instruction enhances scientific 
communication and problem-solving skills. By integrating real-world contexts, learners 
were able to see the relevance of their scientific reasoning and apply it more effectively. 
Moreover, Qadar and Haryanto (2019) highlighted that STEM implementation in 
Indonesian classrooms often fails due to lack of contextualization. The combined DCBLM-
PBCL model in this study directly addressed this gap by situating problem-solving in 
authentic, meaningful contexts, thereby promoting stronger HOTS outcomes. 

c. Improvement in Quality of Life (QoL) Perceptions 
QoL perceptions improved from 3.21 to 3.78, suggesting that participants not only 

gained academic competencies but also experienced tangible improvements in their daily 
lives. They reported being more conscious about healthy living, energy efficiency, and 
environmental stewardship. This outcome corresponds with Jones and Patel (2020), who 
argued that science education linked with sustainability fosters greater awareness of 
environmental responsibility and personal well-being. Likewise, Lewis (2021) emphasized 
that integrating green chemistry concepts in science education develops learners’ 
sustainable practices and enhances their overall life quality. The QoL improvement 
observed in this study highlights that science education should not be narrowly defined by 
academic achievement, but also by its capacity to foster holistic well-being and 
responsible citizenship. 

 
Qualitative Findings 
The thematic analysis of interview data yielded four major themes (see Table 2). 
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Table 2. Summary of Qualitative Themes 

Theme 

No.  

Theme Description Representative Quote 

1 Practical integration of 

science in daily life 

"Now I realize that understanding basic 

physics helps me save electricity at home and 

manage resources more efficiently." 

2 Increased environmental 

awareness 

"I am more mindful about recycling and 

reducing waste since I learned the 

environmental impact in class." 

3 Enhanced problem-solving 

confidence 

"I feel confident solving real-life problems 

using scientific steps, not just guessing." 

4 Collaborative learning 

benefits 

"Working with peers gave me more ideas and 

made the projects more fun and meaningful." 

 
The first theme highlights participants’ ability to apply scientific principles to practical 

situations, such as energy conservation and efficient resource management. The second 
theme reflects heightened environmental awareness, indicating that scientific learning fostered 
sustainable behavior. The third theme emphasizes the development of confidence in problem-
solving, as students relied more on structured scientific reasoning rather than intuition. Lastly, 
the fourth theme underscores the value of collaborative learning, where teamwork not only 
enhanced creativity but also made learning experiences more engaging and meaningful. 
 
a. Everyday Integration of Science 

One of the strongest themes emerging from interviews was learners’ ability to apply 
scientific principles in daily routines. For instance, participants recognized that 
understanding basic physics helped them conserve electricity and manage household 
resources more efficiently. This practical transfer of learning echoes Green (2018), who 
argued that physics knowledge plays a direct role in promoting energy efficiency at the 
household level. Similarly, Walker (2016) demonstrated that applied physics concepts 
embedded in modern technology help individuals adopt more resource-efficient lifestyles. 
The present study confirms that embedding science learning in real-world contexts 
empowers learners to translate theory into meaningful daily actions. 

 
b. Increased Environmental Awareness 

Another dominant theme was the development of heightened environmental 
awareness. Participants reported becoming more mindful of recycling, waste reduction, 
and the ecological consequences of human activity. This resonates with Peters and Hall 
(2018), who found that science-driven environmental education increases ecological 
awareness and fosters sustainable behavior. Additionally, Roberts and Davis (2020) 
showed that teaching about energy transitions and sustainability through science curricula 
promotes environmentally conscious behaviors. The findings of this study affirm that 
scientific knowledge, when contextualized, can shape sustainable habits that extend well 
beyond the classroom. 

 
c. Enhanced Problem-Solving Confidence 

The third prominent theme was the rise in participants’ confidence in solving everyday 
problems using systematic scientific reasoning rather than intuition alone. Learners 
expressed greater assurance in tackling challenges methodically, a key indicator of 
scientific literacy. This finding strongly aligns with Paraniti et al. (2024), who demonstrated 
that DCBLM enhances learner autonomy and systematic problem-solving. It is also 
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consistent with Adams (2021), who highlighted that teaching science through applied, 
problem-based approaches boosts learners’ confidence in addressing 21st-century 
challenges. 
 

4. Conclusions and Suggestions 
This study concludes that the integration of the Differentiated Challenge-Based Learning 

Model (DCBLM) and Problem-Based Creative Learning (PBCL) effectively enhances learners’ 
Science Process Skills (SPS), Higher-Order Thinking Skills (HOTS), and perceptions of Quality 
of Life (QoL). The quantitative findings showed significant gains in scientific inquiry and critical 
thinking abilities, while the qualitative results revealed learners’ ability to integrate science into 
daily life, develop stronger environmental awareness, and build confidence in systematic 
problem-solving. These outcomes demonstrate that the hybrid model not only improves 
cognitive competencies but also fosters affective and behavioral changes that contribute to 
sustainable practices and overall well-being. By aligning pedagogical innovation with 
classroom realities, this research confirms that contextualized science education can prepare 
learners to meet 21st-century challenges and support the goals of sustainability and lifelong 
learning. 
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