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Abstract: Amidst the complexity of today's global challenges, developing scientific literacy skills is 
crucial for fostering critical awareness and encouraging active community participation in responding to 
social and environmental issues. This study aims to determine the validity, practicality, and effectiveness 
of DCBL. It is a Research and Development (R&D) study that employs the ADDIE model to develop a 
Differentiated Challenge-Based Learning (DCBL) model. The study involved 1,589 high school students 
and 47 teachers in Bali during the needs analysis stage, 43 students and six teachers during the 
practicality test stage, and 381 11th-grade high school students during the effectiveness test stage. Data 
were collected through questionnaires and scientific literacy tests. Data analysis was conducted using 
descriptive analysis. The findings indicate that DCBL has been tested as valid with an Aiken's V value of 
0.953 and very practical with a score of 3.35. Although the ANOVA analysis results showed a 
significance value of 0.001 (p<0.005), the effect size is still relatively small (0.165). It was concluded that 
the DCBL learning model can be applied to improve scientific literacy skills. The research implications 
are that the application of the DCBL model provides a more adaptive and meaningful learning 
alternative. Through a combination of challenge-based and differentiated learning, teachers can 
accommodate the diversity of students' abilities, interests, and learning styles, while fostering active 
engagement in understanding scientific concepts through real-life contexts. 
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1. Introduction  

The rapid pace of social, scientific, and technological change presents numerous challenges to the 
younger generation, including global diseases, environmental issues, climate change, the greenhouse 
effect, deforestation, and automation through advances in artificial intelligence technology [1-4]. The 
complexity of these modern challenges requires scientific literacy skills, which make it an essential skill 
in the 21st century [5-7]. Scientific literacy includes students' ability to engage with science or socio-
science related issues, to solve everyday problems with scientific ideas, and as part of reflective 
citizenship [8-10].      

Indonesian students perform below the OECD average in mathematics, reading, and science, as 
indicated by international assessment results [8, 11]. Furthermore, the report indicates that Indonesian 
students' science literacy skills are mostly at level 2, while almost no students are at levels 5 or 6. These 
results reflect that Indonesian students are only able to recognize correct explanations for known 
scientific phenomena and can use that knowledge to identify, in simple cases, but are unable to apply 
their knowledge of science in a variety of situations, including unfamiliar situations, in creative and 
independent ways [12-14]. The 2022 PISA results indicate that Indonesia’s scores are among the 
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lowest since its first participation 21 years ago, reflecting a significant decline in students’ performance 
in mathematics, reading, and science [15-17]. 

These findings indicate the need for serious efforts to improve students' science literacy. If not 
properly addressed, these shortcomings not only impede students’ academic performance but also 
hinder the broader goal of fostering responsible and scientifically literate citizens. Improper learning 
approaches, particularly those that do not involve contextual problem-solving processes, can reduce 
students' ability to understand science concepts [18-20]. In this context, conventional learning 
strategies that are unidirectional and teacher-centered are no longer considered adequate to face the 
challenges of the 21st century [21-23]. This is supported by the results of the needs analysis 
observation, where the main problems for teachers in implementing innovative learning lie in the lack 
of ability and active involvement of students, as well as the less effective implementation time of 
innovative learning [17, 24]. Therefore, a learning approach is needed that can relate scientific 
knowledge to real life and encourage students to think critically through an active, collaborative 
process in problem solving. Such a process allows students to engage in providing scaffolding that has a 
positive impact not only on learning outcomes but also on science literacy skills [25-27].  

One of the latest innovative learning models that has been widely applied and can be used to 
improve students' skills includes critical thinking, creative thinking, conceptual knowledge, procedures, 
attitudes, and science literacy. This model is challenge-based learning (CBL) [28-30]. CBL prioritizes 
challenges in the learning process. Challenges in learning enable student engagement in lifelong 
learning through the application of new technologies and skill development [31-33].  

CBL has been defined as a new active learning strategy that builds on the practice of problem-based 
learning, where students work on real-world problems in collaborative teams [9, 34, 35]. Challenges in 
the form of real-life problems, whether at the local, national, or global level, can strengthen their 
motivation to conduct research and find solutions that address the realities of their environments [36, 
37]. This approach is recognized for combining scientific knowledge with real action, as well as 
providing students with the opportunity to be actively involved as reflective and responsible problem 
solvers. Therefore, CBL is considered to be superior to problem-based learning and project-based 
learning [26, 38].   

However, despite the various advantages offered by CBL, there are findings that should be of 
important concern for the successful implementation of PBL in the field. Previous research found that 
CBL was not effective when applied to students with low independence, motivation, and interest in 
learning [16, 39]. This indicates that, in the absence of responsiveness to individual learner diversity, 
learning strategies such as CBL may lose their inclusivity and potentially exert counterproductive 
effects on the learning process [40]. For this reason, continuous efforts are needed to meet the needs of 
all students in the diverse student population in the classroom. The challenge, then, is how to maintain 
CBL’s strengths while accommodating individual differences. Conversely, differentiated instruction 
(DI) addresses learner variability by adapting content, process, and product based on students’ 
readiness, interests, and learning profiles [32, 41, 42]. 

This research is supported by several previous studies showing that Challenge-Based Learning 
(CBL) is effective in improving students' critical thinking, collaboration, and problem-solving skills 
[34]. However, it still faces limitations in accommodating differences in abilities, interests, and 
learning styles. Meanwhile, the Differentiated Instruction (DI) approach has been shown to adapt 
learning strategies to individual student needs, but it lacks the emphasis on authentic and collaborative 
contexts that characterize 21st-century learning [36]. The gap between these two approaches raises 
the need for a learning model that is not only contextual and challenge-based but also adaptive to 
student diversity. Therefore, the development of the Differentiated Challenge-Based Learning (DCBL) 
model is an innovation with novel value by integrating the collaborative and authentic nature of CBL 
with the adaptive principles of DI to create relevant, meaningful, and equitable learning experiences for 
all students. 



592 

 

 

Edelweiss Applied Science and Technology 
ISSN: 2576-8484   

Vol. 9, No. 12: 590-600, 2025 
DOI: 10.55214/2576-8484.v9i12.11392 
© 2025 by the authors; licensee Learning Gate 

 

This research aims to develop and test the validity, practicality, and effectiveness of the DCBL 
model in improving high school students' scientific literacy. Through this research, it is hoped that it 
can provide theoretical contributions to the development of challenge-based adaptive learning models, 
as well as practical contributions for teachers and schools in implementing learning strategies that are 
more responsive to the diversity of students and the demands of 21st-century learning. 
  

2. Methods  
This research and development used the ADDIE model as a stage of product development. ADDIE 

is among the most widely known and adopted instructional development models in education, as it 
offers a structured process aimed at producing effective instruction [36, 43]. The product developed in 
this study is a learning model referred to as Differentiate Challenge-Based Learning (DCBL). 

The analysis was initiated to obtain an overview of student characteristics and DCBL development 
needs involving 1,589 students and 47 high school teachers in Bali. Furthermore, an initial draft of the 
DCBL was produced based on the results of the needs analysis. The development phase involved five 
pedagogues, three biology and language learners, and three media experts. The practicality and 
effectiveness tests of DCBL were conducted at SMA Negeri 4 Denpasar. The limited test stage, which 
in this case is referred to as a practicality test, was carried out after the DCBL product was tested as 
valid by involving 43 students and 6 teachers at SMA Negeri 4 Denpasar. The evaluation stage 
involved 381 XI high school students. 

The instrument used was a needs assessment questionnaire on the development of the DCBL 
learning model for teachers, consisting of seven questions related to DCBL and nine questions related 
to students' science literacy skills. Questionnaires on a scale of 1-4 were also used to assess the validity 
of DCBL. For the practicality test, a questionnaire was used with the following indicators: 1) ease of 
use, 2) time efficiency, 3) suitability with learning objectives, 4) syntax implementation, and 5) DCBL 
attractiveness. 

Data analysis at the needs and practicality analysis stage was carried out descriptively, while the 
Aiken formula was used to determine the validity of DCBL products, and covariance analysis tests were 
conducted to test the effectiveness of DCBL on students' science literacy skills. The validity test of 
DCBL products using the Aiken formula was also calculated [44], where the validity range extends 
from 0 to 1. If the Aiken index is less than 0.4, it is considered to have low validity; an Aiken index 
between 0.4 and 0.8 indicates moderate validity; and if it is more than 0.8, it is considered to have high 
validity [9, 45]. 
 

 
Figure 1.  
Aiken's Formula. 

 
Information: 
S: R – Lo  
V: Aiken Index  
S: The score given by the rater is subtracted from the lowest score  
R: Score given by rater 
Lo: Lowest Assessment Score  
C: Highest Rating Score  
n: Number of raters 

The pretest-posttest control group was employed to test the effectiveness of the DCBL model. The 
sample used consisted of 381 high school grade XI students, and DCBL was applied to biology subjects, 
especially the topic of the respiratory system in humans. Science literacy test instruments were used to 
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measure students' science literacy skills. The science literacy instrument in this study was compiled and 
developed based on the TOSLS science literacy test instrument. As a result, 15 science literacy test 
questions were produced with nine indicators as follows: 1) identify a valid scientific argument, 2) 
evaluate the validity of sources, 3) evaluate the use and misuse of scientific information, 4) understand 
elements of research design and how they impact scientific findings and conclusions, 5) create graphical 
representations of data, 6) read and interpret graphical representations of data, 7) solve problems using 
quantitative skills, including probability and statistics, 8) understand and interpret basic statistics, 9) 
justify inferences, predictions, and conclusions based on quantitative data. The instruments used have 
been tested for validity and reliability, with Pearson correlation values ranging from 0.260 to 0.769 for 
validity and a reliability score of 0.731. Generally, an alpha value above 0.7 is considered acceptable to 
indicate good internal consistency. 
  

3. Results  
The results and discussions in this study include a needs analysis in the preliminary research study, 

validity test, practicality or feasibility test, and DCBL effectiveness test. The results of  the analysis of  
students' characteristics show that students have a positive perception of  the learning process related to 
the development of  science literacy skills, where 74.8% of  students agree that learning in the classroom 
has been able to improved science literacy skills. However, 43.8% or as many as 696 out of  a total of  
1,589 students stated that they had low science literacy skills. These results indicate a gap between 
students' perceptions of  the learning process and their perceptions of  mastery of  scientific skills. 

By combining the strengths of CBL and the principle of differentiation, the DCBL holds strong 
potential to address the demands of heterogeneous classrooms and to bridge the gap between students’ 
perceptions and their achievement of scientific literacy skills. The urgency of developing the DCBL 
model is reinforced by the results of the teacher needs analysis, which revealed that 98% of teachers 
supported its development. Based on the results of the analysis of DCBL development needs and 
student characteristics, a DCBL syntax consisting of six steps was formulated (Table 1). 
 
Table 1.  
DCBL Syntax. 

No Syntax Learning Activity 

1 Confronting 
Differentiated 
Challenges 

a. Introduction of the Big Idea 
b. Elaboration of Essential Questions 

Formulating essential questions based on the presented big idea. 
c. Identifying differentiated challenges 

Selecting relevant, engaging challenges that are appropriate to students’ abilities and feasible 
to implement. 

d. Group formation 
Students are grouped according to the same selected challenge (3–5 students). 

2 Ideation Ideation is carried out through the 'chained idea writing' technique within student groups. 
3 Data Collection 

(Literacy Process) 
The teacher guides students to gather information from various sources 

4 Research and 
Revision 

Developing evidence-based, reliable solutions. This stage allows students to revise the initial 
solutions generated during stages 2 and 3. 

5 Solution: 
Presentation or 
Implementation 

This activity involves presenting the proposed solution or implementing it in an authentic real-
world context. 

6 Evaluation This activity may include formative evaluation at each stage and summative evaluation at the end 
of the learning process. 

 
The learning model product in the form of DCBL Syntax, as outlined in Table 1, was subsequently 

validated using Aiken’s V formula to assess content validity. If the Aiken index is less than 0.4, it is 
considered to have low validity; an index between 0.4 and 0.8 indicates moderate validity; and an index 
above 0.8 signifies high validity. Overall, the validity assessment of the DCBL model across 
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instructional design, content and language, and media yielded an average Aiken’s V index of 0.953 on a 
scale from 0 to 1. This result indicates that the DCBL model is valid and appropriate for further 
implementation in the practicality testing phase. This means that DCBL has met the standards in terms 
of structure and model components. 

Although the construct validity score was quantitatively high at 0.95, revisions were still necessary 
based on experts’ qualitative evaluations. One of the key suggestions involved enhancing the social 
system component by incorporating clearer mechanisms for teacher and student reflection. This input 
corresponds to the statement by previous studies that reflection activities must be carried out when a 
student has difficulties in carrying out the task. Such reflection is essential, as it prompts students to 
engage in mental and behavioral responses to their own performance efforts. 

From the content and language validity components, the validity score is 0.96 with very valid 
criteria. These findings demonstrate that the content of the model has been developed with the 
principles of instructional alignment. Moreover, in terms of language use, the model demonstrates 
adherence to the principle of linguistic simplicity, ensuring clarity and ease of comprehension for users. 
Furthermore, the validation result by the instructional design expert yielded an average Aiken’s V of 
0.95 for the instructional model design aspect. His score indicates that the media design component of 
the DCBL model is considered valid. 

The results of the DCBL model's practicality test, in general, from the five aspects assessed, were in 
the practical to very practical category. The five aspects include: 1) ease of use with a score of 3.39 (very 
practical), 2) time efficiency with a score of 3.42 (very practical), 3) conformity with learning objectives 
with a score of 3.35 (very practical), 4) syntax implementation with a score of 3.25 (practical), and 5) 
attractiveness of DCBL with a score of 3.33 (very practical). From the content and language validity 
components, the validity score is 0.96, indicating very valid criteria. These findings suggest that users 
regard the DCBL syntax as coherent and clear steps, facilitating ease of implementation. This is in 
accordance with the findings of Suastika et al. [46] and Fromm and Ifenthaler [47], which state that 
the learning model must be clear to facilitate understanding for teachers and students, making the 
learning process more engaging, meaningful, and effective. Based on these findings, the DCBL model 
demonstrates sufficient validity and practicality to be applied on a larger scale in the next phase of 
effectiveness evaluation. Furthermore, the results of the DCBL effectiveness test in improving students' 
science literacy skills are shown in Table 2. 

 
Table 2.  
The Result of the Effectiveness Test. 

Tests of Between-Subjects Effects 
Dependent Variable:   Posttest Literacy   

Source 
Type III Sum of 

Squares 
df Mean Square F Sig. 

Partial Eta 
Squared 

Corrected Model 1107.958a 2 553.979 253.144 0.000 0.573 

Intercept 791.135 1 791.135 361.514 0.000 0.489 
Pre-test Literacy 902.700 1 902.700 412.495 0.000 0.522 

Group 163.914 1 163.914 74.901 0.000 0.165 
Error 827.213 378 2.188    

Total 356696.000 381     
Corrected Total 1935.171 380     

Note: a. R Squared = .573 (Adjusted R Squared = 0.570) 

 
Analysis of covariance (ANCOVA) results, as shown in Table 2, indicate that the DCBL model had 

a statistically significant effect, with a significance value of 0.000. While the ANCOVA results 
confirmed a statistically significant effect of the MPTB model, the obtained partial eta squared value of 
0.165 suggests a small effect size, implying that the practical impact of the model may be limited and 
warrants further investigation. 
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The effect size report in this study is appropriate to use partial eta squared with ANCOVA analysis. 
This is because ANCOVA describes the effects of variables and other independent interactions, 
providing a clearer picture of the unique contributions of the independent variables of interest. The 
value of the power of the effect is based on empirical findings, which state that Cohen's general 
guidelines on small, medium, and large effect sizes tend to assume the effect size is larger than it 
actually is. Therefore, researchers are advised to use new values that have been empirically calculated, 
with the following provisions for Pearson's correlation r = 0.12 (small), 0.20 (medium), and 0.32 (large) 
[48].  

Table 3 presents the adjusted mean results, indicating that the analysis controlled for the covariate 
(pretest), thereby enhancing the accuracy of the treatment effect estimation. Thus, this result supports a 
high degree of statistical validity, suggesting that the observed differences are the result of the DCBL 
intervention rather than pre-existing disparities in students’ prior knowledge. 
 
Table 3.  
Adjusted Mean Result 

Estimates 

Dependent Variable:   Post-test Literacy   

Experimental Mean Std. Error 
95% Confidence Interval 

Lower Bound Upper Bound 

Control 29.870a 0.106 29.661 30.079 
Group 31.183a 0.108 30.971 31.396 
Note: a. Covariates appearing in the model are evaluated at the following values: Pre-test Literacy = 27.10. 

 
The standardized mean score of scientific literacy in the DCBL group (M = 31.183, SE = 0.108) 

was significantly higher than that of the control group (M = 29.870, SE = 0.106). The non-overlapping 
95% confidence interval between the two groups further supports this difference. These findings show 
that the DCBL learning model applied in the experimental group is effective in improving students' 
scientific literacy. 
 

4. Discussion  
The data analysis results show that the Differentiated Challenge-Based Learning (DCBL) model 

developed is proven valid, practical, and effective, making it suitable for use in learning. This is due to 
the following factors. First, the DCBL model can improve scientific literacy in students. The DCBL 
model integrates challenge-based learning with differentiated learning according to students' abilities 
and needs. The challenge-based learning approach exposes students to real-life problems relevant to 
everyday life, thus accustoming them to finding solutions [49-51]. This process fosters scientific 
inquiry skills, such as observing, formulating scientific questions, seeking evidence, and drawing 
conclusions based on data [52-55]. 

In previous learning activities, low student scientific literacy was caused by ineffective teaching 
methods that focused on theory and were non-contextual [35, 56]. However, the DCBL model includes 
elements of differentiated learning that allow teachers to adjust the level of difficulty, learning style, 
and student interests, so that each individual can learn at their optimal developmental level without 
feeling overwhelmed. The use of technology in this process enriches students' digital literacy skills, 
which are an essential part of scientific literacy in the modern era [57-59]. In this context, the 
Differentiated Challenge-Based Learning (DCBL) model emerges as a relevant alternative, as it not 
only offers contextual and authentic challenge-based learning but also incorporates the principle of 
differentiation by considering students' abilities, readiness, interests, and learning styles [26, 60]. 

Second, the Differentiated Challenge-Based Learning (DCBL) model bridges diverse learning needs 
with a contextual, challenge-based approach. The implementation of the DCBL model can build deeper 
conceptual understanding, positive scientific attitudes, and comprehensive scientific thinking skills in 
students. Each student has different abilities, interests, learning styles, and background knowledge, so a 
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flexible and adaptive learning model is needed [47, 61].  DCBL provides room for teachers to adjust 
learning strategies, content, and products to suit each student's characteristics through the principle of 
differentiated instruction [62-64]. At the same time, the challenge-based learning approach presents 
contextual challenges. This allows students to learn through meaningful experiences within a context 
they understand, while remaining within the same challenging framework [65, 66]. 

This approach not only ensures equitable learning opportunities but also fosters intrinsic 
motivation because students perceive learning as having personal meaning. Through challenge-based 
activities, students learn to connect theory with practice, develop critical thinking skills, and construct 
knowledge through direct experience [16, 51, 67]. Therefore, DCBL is effective in bridging individual 
differences while maintaining the relevance and depth of contextual learning. 

Third, the Differentiated Challenge-Based Learning (DCBL) model fosters enthusiasm for learning. 
This model also increases motivation and scientific curiosity because students are actively involved in 
finding solutions to problems they find meaningful. Collaborative and reflective activities in DCBL help 
students develop critical thinking skills, scientific argumentation, and science communication [51, 68]. 
Learning is designed to be more meaningful, challenging, and tailored to the abilities and interests of 
each individual. The challenges presented are not merely academic assignments but learning 
experiences that demand creativity, collaboration, and critical thinking, making the learning process 
engaging and challenging for students [69, 70]. The combination of contextual relevance, meaningful 
challenges, and appropriate differentiation enables DCBL to create a positive, enthusiastic learning 
atmosphere and strengthen students' enthusiasm for exploring and understanding knowledge more 
deeply. 

This model enables differentiated learning activities in terms of resources, processes, and products. 
Learning environments designed with cognitive and social constructivist principles can enhance 
creativity [2, 71]. The effectiveness of the intervention is closely related to the strengths embedded in 
the Differentiated Challenge-Based Learning (DCBL) model, which is explicitly designed to integrate 
the principles of differentiated learning and a challenge-based approach. This model is based on social 
constructivist and cognitive constructivist theories, enabling personalized learning experiences that are 
contextually meaningful and cognitively engaging. The core advantage of DCBL lies in its ability to 
present varying levels of challenge, allowing learning to be tailored to students' readiness, interests, 
and learning profiles. Teachers perceive differentiated learning, in other words, challenge 
differentiation, at the "challenge confrontation phase" of DCBL. 

The implications of this study suggest that implementing DCBL can enrich science learning 
strategies in secondary schools, providing teachers with an alternative way to create more adaptive and 
meaningful learning processes. However, this study still has limitations, namely the model's relatively 
small effect on improving scientific literacy. Therefore, further research is recommended to extend the 
implementation period, involve more teachers and different subject contexts, and develop teacher 
training guidelines to ensure more consistent and impactful DCBL implementation. 

 

5. Conclusion  
This study confirms the critical need for the development of the Differentiated Challenge-Based 

Learning (DCBL) model. The DCBL model has proven successful in bridging the limitations of 
conventional Challenge-Based Learning (CBL) models, which tend to be uniform. The main strength of 
the DCBL syntax is its ability to maintain the depth of investigation of CBL while ensuring accessibility 
and individual relevance through integrated challenge differentiation in the initial steps. This makes 
DCBL an inclusive, meaningfully challenging, and highly effective learning model for fostering 21st-
century skills. Empirically, ANCOVA analysis confirms that the application of the DCBL model is 
significantly more effective in improving student science literacy than problem-based learning. 

Thus, the DCBL model can be adopted as a new adaptive and flexible learning model at the school 
level for science subjects. However, this study acknowledges its limitations, namely the relatively small 
effect size observed in the improvement of science literacy. This is likely due to the short 
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implementation period. Therefore, further research is highly recommended to overcome this 
methodological constraint by extending the duration of implementation, implementing it on broader 
biology topics, or even in other science fields such as physics or chemistry. 

 

Transparency: 
The authors confirm that the manuscript is an honest, accurate, and transparent account of the study; 
that no vital features of the study have been omitted; and that any discrepancies from the study as 
planned have been explained. This study followed all ethical practices during writing. 
 

Copyright:  
© 2025 by the authors. This article is an open-access article distributed under the terms and conditions 
of  the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 
 

References  
[1] H. Peschl, C. Deng, and N. Larson, "Entrepreneurial thinking: A signature pedagogy for an uncertain 21st century," 

The International Journal of Management Education, vol. 19, no. 1, p. 100427, 2021.  
https://doi.org/10.1016/j.ijme.2020.100427 

[2] M. Hernandez-de-Menendez, C. Escobar Díaz, and R. Morales-Menendez, "Technologies for the future of learning: 
State of the art," International Journal on Interactive Design and Manufacturing, vol. 14, pp. 683-695, 2020.  
https://doi.org/10.1007/s12008-019-00640-0 

[3] M. S. Ramírez-Montoya, M. I. Loaiza-Aguirre, A. Zúñiga-Ojeda, and M. Portuguez-Castro, "Characterization of the 
teaching profile within the framework of education 4.0," Future Internet, vol. 13, no. 4, p. 91, 2021.  
https://doi.org/10.3390/fi13040091 

[4] J. A. Rios, G. Ling, R. Pugh, D. Becker, and A. Bacall, "Identifying critical 21st-century skills for workplace success: 
A content analysis of job advertisements," Educational Researcher, vol. 49, no. 2, pp. 80-89, 2020.  
https://doi.org/10.3102/0013189X19890600 

[5] S. Hanifha, M. Erna, A. Noer, and C. Talib, "Scientific literacy and environmental awareness through undergraduate 
student worksheets based on socioscientific issues," Jurnal Pendidikan IPA Indonesia, vol. 12, no. 4, pp. 504-513, 2023.  

[6] M. Lê, P. Quémart, A. Potocki, M. Gimenes, D. Chesnet, and E. Lambert, "Improving literacy development with fine 
motor skills training: A digital game-based intervention in fourth grade," Cognitive Development, vol. 67, p. 101363, 
2023.  https://doi.org/10.1016/j.cogdev.2023.101363 

[7] J. S. Quaicoe and K. Pata, "Teachers’ digital literacy and digital activity as digital divide components among basic 
schools in Ghana," Education and Information Technologies, vol. 25, pp. 4077-4095, 2020.  
https://doi.org/10.1007/s10639-020-10158-8 

[8] OECD, PISA 2022 results (Volume I): The state of learning and equity in education. Paris: OECD Publishing, 2023.  
[9] H. Suwono, M. Saefi, and H. Susilo, "Challenge based learning to improve scientific literacy of undergraduate biology 

students," in AIP Conference Proceedings (Vol. 2081, No. 1, p. 030020). AIP Publishing LLC, 2019.  
[10] Y. Georgiou and E. A. Kyza, "Fostering chemistry students’ scientific literacy for responsible citizenship through 

socio-scientific inquiry-based learning (SSIBL)," Sustainability, vol. 15, no. 8, p. 6442, 2023.  
https://doi.org/10.3390/su15086442 

[11] I. Irasuti, R. Ruminda, and B. Bachtiar, "From text to texture: Elevating English teaching through visual literacy 
skills," Jurnal Onoma: Pendidikan, Bahasa, dan Sastra, vol. 10, no. 2, pp. 1780-1787, 2024.  
https://doi.org/10.30605/onoma.v10i2.3595 

[12] N. N. Rediani, B. R. Kaize, S. Hanifah, H. T. Nainggolan, P. M. D. Sanjaya, and T. G. Hallatu, "Developing 
environmental care attitudes and scientific literacy through SASI local wisdom-based e-modules," Jurnal Pedagogi 
Dan Pembelajaran, vol. 6, no. 2, pp. 238-246, 2023.  https://doi.org/10.23887/jp2.v6i2.64518 

[13] F. Hervi, S. Syamsurizal, F. Arsih, L. Advinda, and M. Sari, "Analysis of the quality of scientific literacy question 
items on biodiversity material using the ANATES application," Jurnal Penelitian Pendidikan IPA, vol. 9, no. 
SpecialIssue, pp. 1062-1069, 2023.  https://doi.org/10.29303/jppipa.v9iSpecialIssue.6304 

[14] R. Rusmansyah, L. Leny, and H. N. Sofia, "Improving students' scientific literacy and cognitive learning outcomes 
through ethnoscience-based PjBL model," Journal of Innovation in Educational and Cultural Research, vol. 4, no. 1, pp. 1-
9, 2023.  https://doi.org/10.46843/jiecr.v4i1.382 

[15] M. R. Bilad, S. Zubaidah, and S. Prayogi, "Addressing the PISA 2022 results: A call for reinvigorating Indonesia’s 
education system," International Journal of Essential Competencies in Education, vol. 3, no. 1, pp. 1-12, 2024.  
https://doi.org/10.36312/ijece.v3i1.1935 

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ijme.2020.100427
https://doi.org/10.1007/s12008-019-00640-0
https://doi.org/10.3390/fi13040091
https://doi.org/10.3102/0013189X19890600
https://doi.org/10.1016/j.cogdev.2023.101363
https://doi.org/10.1007/s10639-020-10158-8
https://doi.org/10.3390/su15086442
https://doi.org/10.30605/onoma.v10i2.3595
https://doi.org/10.23887/jp2.v6i2.64518
https://doi.org/10.29303/jppipa.v9iSpecialIssue.6304
https://doi.org/10.46843/jiecr.v4i1.382
https://doi.org/10.36312/ijece.v3i1.1935


598 

 

 

Edelweiss Applied Science and Technology 
ISSN: 2576-8484   

Vol. 9, No. 12: 590-600, 2025 
DOI: 10.55214/2576-8484.v9i12.11392 
© 2025 by the authors; licensee Learning Gate 

 

[16] A. C. Tang and M. C. Chow, "To evaluate the effect of challenge-based learning on the approaches to learning of 
Chinese nursing students: A quasi-experimental study," Nurse Education Today, vol. 85, p. 104293, 2020.  
https://doi.org/10.1016/j.nedt.2019.104293 

[17] D. T. Amijaya, R. Raharjo, M. Ibrahim, and A. Al Hawari, "The effectiveness of innovative blended learning through 
meaning (IBLTM) model to improve students' science literacy," IJORER: International Journal of Recent Educational 
Research, vol. 5, no. 6, pp. 1396-1406, 2024.  https://doi.org/10.46245/ijorer.v5i6.699 

[18] A. Mayub et al., "The effect of robotics experiments on the scientific literacy of junior high school students in 
bengkulu province," Jurnal Pendidikan IPA Indonesia, vol. 12, no. 4, pp. 538-551, 2023.  
https://doi.org/10.15294/jpii.v12i4.44991 

[19] M. Shohib, Y. S. Rahayu, W. Wasis, and E. Hariyono, "Scientific literacy ability of junior high school students on 
static electricity and electricity in living things," IJORER: International Journal of Recent Educational Research, vol. 2, 
no. 6, pp. 700-708, 2021.  https://doi.org/10.46245/ijorer.v2i6.170 

[20] A. S. Nur, S. B. Waluya, R. Rochmad, and W. Wardono, "Contextual learning with ethnomathematics in enhancing 
the problem solving based on thinking levels," Journal of Research and Advances in Mathematics Education, vol. 5, no. 3, 
pp. 331-344, 2020.  https://doi.org/10.23917/jramathedu.v5i3.11679 

[21] R. Sari, S. Sumarmi, I. Astina, D. Utomo, and R. Ridhwan, "Increasing students critical thinking skills and learning 
motivation using inquiry mind map," International Journal of Emerging Technologies in Learning (iJET), vol. 16, no. 3, 
pp. 4-19, 2021.  https://doi.org/10.3991/ijet.v16i03.16515 

[22] S. Darhim, S. Prabawanto, and B. E. Susilo, "The effect of problem-based learning and mathematical problem posing 
in improving students’ critical thinking skills," International Journal of Instruction, vol. 13, no. 4, pp. 103–116, 2020.  
https://doi.org/10.29333/iji.2020.1347a 

[23] S. H. Hamid, N. Zulkiply, and F. S. Mohamad, "The effects of non-digital game-based learning and cognitive level of 
questions on isometric transformations," Asian Journal of University Education, vol. 18, no. 1, pp. 34-50, 2022.  
https://doi.org/10.24191/ajue.v18i1.17167 

[24] A. F. Jamil, B. Baiduri, and A. E. Pratiwi, "Students’ interest and critical thinking: The experimental teaching method 
in using online learning media YouTube," Journal of Education Technology, vol. 6, no. 1, pp. 12-18, 2022.  
https://doi.org/10.23887/jet.v6i1.43055 

[25] C. Azzaroiha, I. W. Redhana, and K. Suma, "The effect of scaffolding strategies on learning outcomes in science 
learning: A systematic literature review," Jurnal Penelitian Pendidikan IPA, vol. 11, no. 1, pp. 45-55, 2025.  
https://doi.org/10.29303/jppipa.v11i1.8628 

[26] T. Michalsky, "When to scaffold motivational self-regulation strategies for high school students' science text 
comprehension," Frontiers in Psychology, vol. 12, p. 658027, 2021.  https://doi.org/10.3389/fpsyg.2021.658027 

[27] E. Acosta-Gonzaga and A. Ramirez-Arellano, "Scaffolding matters? Investigating its role in motivation, engagement 
and learning achievements in higher education," Sustainability, vol. 14, no. 20, p. 13419, 2022.  
https://doi.org/10.3390/su142013419 

[28] S. Sulistiani, K. Kartimi, and D. C. Sahrir, "E-modules with Android Appy Pie based on socio-scientific issues to 
improve students' critical thinking skills," Journal of Education Technology, vol. 6, no. 2, pp. 372-379, 2022.  
https://doi.org/10.23887/jet.v6i2.44817 

[29] S. S. Naim, S. Ibnu, and A. Santoso, "Challenge based learning model on students' creative thinking abilities," Jurnal 
Pendidik. Teori, Penelitian, dan Pengembangan, vol. 5, no. 4, p. 478, 2020.  https://doi.org/10.17977/jptpp.v5i4.13358 

[30] G. Dieck-Assad, A. Ávila-Ortega, and O. I. González Peña, "Comparing competency assessment in electronics 
engineering education with and without industry training partner by challenge-based learning oriented to sustainable 
development goals," Sustainability, vol. 13, no. 19, p. 10721, 2021.  https://doi.org/10.3390/su131910721 

[31] T. Wibowo and J. Veronica, "IT curriculum for boot camp: An iterative development in applying OBE in computer 
science education for non-formal institution," Journal of Education Technology, vol. 6, no. 4, pp. 598-606, 2022.  

[32] G. Putra, A. Pribadi, and S. Zakiyah, "Differentiated instruction scenario on physics learning: Reflection of readiness 
and future implementation," Jurnal Pendidikan IPA Indonesia, vol. 12, no. 4, pp. 625-634, 2023.  
https://doi.org/10.15294/jpii.v12i4.48545 

[33] A. Febtriko, W. Yulianti, and T. Rahayuningsih, "Utilization of Ubtech humanoid robots as learning media for 
teachers towards the industrial revolution 4.0 era in the field of education for autistic children at Pekanbaru Lab 
School," Jurnal Pengabdian Masyarakat Multidisiplin, vol. 3, no. 1, pp. 42-52, 2019.  
https://doi.org/10.36341/jpm.v3i1.1022 

[34] V. Sukackė et al., "Towards active evidence-based learning in engineering education: A systematic literature review of 
PBL, PjBL, and CBL," Sustainability, vol. 14, no. 21, p. 13955, 2022.  https://doi.org/10.3390/su142113955 

[35] D. Georgiou, S. E. Gallagher, and K. A. Chmielewska, "Beyond the challenge: Exploring student, lecturer, and 
stakeholder challenges with challenge-based learning," Active Learning in Higher Education, p. 14697874251326099, 
2025.  https://doi.org/10.1177/14697874251326099 

[36] M. Portuguez Castro and M. G. Gomez Zermeno, "Challenge based learning: Innovative pedagogy for sustainability 
through e-learning in higher education," Sustainability, vol. 12, no. 10, p. 4063, 2020.  
https://doi.org/10.3390/su12104063 

https://doi.org/10.1016/j.nedt.2019.104293
https://doi.org/10.46245/ijorer.v5i6.699
https://doi.org/10.15294/jpii.v12i4.44991
https://doi.org/10.46245/ijorer.v2i6.170
https://doi.org/10.23917/jramathedu.v5i3.11679
https://doi.org/10.3991/ijet.v16i03.16515
https://doi.org/10.29333/iji.2020.1347a
https://doi.org/10.24191/ajue.v18i1.17167
https://doi.org/10.23887/jet.v6i1.43055
https://doi.org/10.29303/jppipa.v11i1.8628
https://doi.org/10.3389/fpsyg.2021.658027
https://doi.org/10.3390/su142013419
https://doi.org/10.23887/jet.v6i2.44817
https://doi.org/10.17977/jptpp.v5i4.13358
https://doi.org/10.3390/su131910721
https://doi.org/10.15294/jpii.v12i4.48545
https://doi.org/10.36341/jpm.v3i1.1022
https://doi.org/10.3390/su142113955
https://doi.org/10.1177/14697874251326099
https://doi.org/10.3390/su12104063


599 

 

 

Edelweiss Applied Science and Technology 
ISSN: 2576-8484   

Vol. 9, No. 12: 590-600, 2025 
DOI: 10.55214/2576-8484.v9i12.11392 
© 2025 by the authors; licensee Learning Gate 

 

[37] M. Oliver, A. McConney, and A. Woods-McConney, "The efficacy of inquiry-based instruction in science: A 
comparative analysis of six countries using PISA 2015," Research in Science Education, vol. 51, no. Suppl 2, pp. 595-
616, 2021.  https://doi.org/10.1007/s11165-019-09901-0 

[38] A. A. I. Paraniti, I. W. Redhana, I. N. Suardana, and K. Suma, "A novel learning model, integration of challenge-based 
and differentiated learning: A preliminary study," Jurnal Penelitian Pendidikan IPA, vol. 10, no. 3, pp. 1299-1308, 
2024.  https://doi.org/10.29303/jppipa.v10i3.5245 

[39] R. Retnowati, M. T. Awaludin, and E. R. Heryawati, "Developing an integrated biology module for students' 
environmental attitude instruments," JPBI (Jurnal Pendidikan Biologi Indonesia), vol. 6, no. 2, pp. 327-334, 2020.  
https://doi.org/10.22219/jpbi.v6i2.11163 

[40] L. Zhang, R. A. Carter, and N. J. Hoekstra, "A critical analysis of universal design for learning in the US federal 
education law," Policy Futures in Education, vol. 22, no. 4, pp. 469-474, 2024.  
https://doi.org/10.1177/14782103231179530 

[41] X. Sun, "Differentiated instruction in L2 teaching: Two extensive reading programmes conducted during COVID-19 
pandemic," Innovation in Language Learning and Teaching, vol. 17, no. 2, pp. 177-190, 2023.  
https://doi.org/10.1080/17501229.2021.1979985 

[42] M. Purba, N. Purnamasari, A. Soeyanto Sylvia, I. R. Suwarna, and E. I. Susanti, Differentiated instruction. Jakarta: 
Pusat Kurikulum dan Pembelajaran, 2021.  

[43] U. Ariffin, N. Mokmin, and M. Akmal, "Augmented reality technology in physical education: A systematic review in 
instructional design, and AR implementation option over the last 5 years," Advanced Journal of Technical and 
Vocational Education, vol. 6, no. 1, pp. 13-20, 2022.  

[44] L. R. Aiken, "Content validity and reliability of single items or questionnaires," Educational and Psychological 
Measurement, vol. 40, no. 4, pp. 955-959, 1980.  https://doi.org/10.1177/001316448004000419 

[45] L. Utami, D. P. Ilahi, and A. Ratih, "Aiken index analysis to determine the content validity of the scientific habits of 
mind instrument," Journal of Research and Education Chemistry, vol. 6, no. 1, pp. 59-59, 2024.  
https://doi.org/10.25299/jrec.2024.vol6(1).17430 

[46] I. N. Suastika, I. K. Suartama, D. B. Sanjaya, and K. S. Arta, "Application of multicultural-based learning model 
syntax of social studies learning," Cypriot Journal of Educational Sciences, vol. 16, no. 4, pp. 1660-1679, 2021.  
https://doi.org/10.18844/cjes.v16i4.6030 

[47] Y. M. Fromm and D. Ifenthaler, "Designing adaptive learning environments for continuing education: Stakeholders’ 
perspectives on indicators and interventions," Computers in Human Behavior Reports, vol. 16, p. 100525, 2024.  
https://doi.org/10.1016/j.chbr.2024.100525 

[48] C. R. Brydges, "Effect size guidelines, sample size calculations, and statistical power in gerontology," Innovation in 
Aging, vol. 3, no. 4, p. igz036, 2019.  

[49] N. J. Kim, B. R. Belland, and D. Axelrod, "Scaffolding for optimal challenge in K–12 problem-based learning," 
Interdisciplinary Journal of Problem-Based Learning, vol. 13, no. 1, pp. 11-15, 2019.  

[50] G. Gunadi, H. Haryono, and E. Purwanti, "The analysis of 21st century learning implementation and competency 
achievement of junior high school students in 3T regions," Innovative Journal of Curriculum and Educational 
Technology, vol. 11, no. 1, pp. 10-18, 2022.  

[51] S. E. Gallagher and T. Savage, "Challenge-based learning in higher education: An exploratory literature review," 
Teaching in Higher Education, vol. 28, no. 6, pp. 1135-1157, 2023.  https://doi.org/10.1080/13562517.2020.1863354 

[52] E. de Freitas and S. E. Truman, "New empiricisms in the anthropocene: Thinking with speculative fiction about 
science and social inquiry," Qualitative Inquiry, vol. 27, no. 5, pp. 522-533, 2021.  
https://doi.org/10.1177/1077800420943643 

[53] L. Apriyani, I. W. Distrik, and U. Rosidin, "Creative inquiry-based e-worksheet: A way to improve student's self-
efficiency and scientific communication skills," Indonesian Journal of Science and Mathematics Education, vol. 5, no. 1, pp. 
53-64, 2022.  https://doi.org/10.24042/ijsme.v5i1.10269 

[54] D. R. Maulida, Y. Pramudya, and D. Sulsworo, "Embedding the guided inquiry on blended learning to enhance 
conceptual understanding," International Journal of Scientific & Technology Research Volume, vol. 9, no. 01, pp. 1480-
1485, 2020.  

[55] I. M. C. Wibawa, I. W. Widiana, and N. Jampel, "How etnoeduction is essential and linked to the science learning in 
the 21st century paradigm?," Jurnal Edutech Undiksha, vol. 12, no. 1, pp. 11-19, 2024.  
https://doi.org/10.23887/jeu.v12i1.82441 

[56] S. E. Ashari, F. Rachmadiarti, and N. Herdyastuti, "Analysis of the science literacy profile of students at state junior 
high school," International Journal of Recent Educational Research, vol. 4, no. 6, pp. 889-898, 2023.  
https://doi.org/10.46245/ijorer.v4i6.340 

[57] N. L. P. Cahyani and I. N. L. Jayanta, "Digital literacy-based learning video on the topic of natural resources and 
technology for grade iv elementary school," Jurnal Ilmiah Sekolah Dasar, vol. 5, no. 3, pp. 538-548, 2021.  
https://doi.org/10.23887/jisd.v5i3.37918 

[58] S. Saeed and M. A. Kang, "The impact of digital leadership on the performance of secondary teachers," Academy of 
Education and Social Sciences Review, vol. 4, no. 1, pp. 12-20, 2024.  https://doi.org/10.48112/aessr.v4i1.696 

https://doi.org/10.1007/s11165-019-09901-0
https://doi.org/10.29303/jppipa.v10i3.5245
https://doi.org/10.22219/jpbi.v6i2.11163
https://doi.org/10.1177/14782103231179530
https://doi.org/10.1080/17501229.2021.1979985
https://doi.org/10.1177/001316448004000419
https://doi.org/10.25299/jrec.2024.vol6(1).17430
https://doi.org/10.18844/cjes.v16i4.6030
https://doi.org/10.1016/j.chbr.2024.100525
https://doi.org/10.1080/13562517.2020.1863354
https://doi.org/10.1177/1077800420943643
https://doi.org/10.24042/ijsme.v5i1.10269
https://doi.org/10.23887/jeu.v12i1.82441
https://doi.org/10.46245/ijorer.v4i6.340
https://doi.org/10.23887/jisd.v5i3.37918
https://doi.org/10.48112/aessr.v4i1.696


600 

 

 

Edelweiss Applied Science and Technology 
ISSN: 2576-8484   

Vol. 9, No. 12: 590-600, 2025 
DOI: 10.55214/2576-8484.v9i12.11392 
© 2025 by the authors; licensee Learning Gate 

 

[59] H. M. Alakrash and N. Abdul Razak, "Technology-based language learning: Investigation of digital technology and 
digital literacy," Sustainability, vol. 13, no. 21, p. 12304, 2021.  https://doi.org/10.3390/su132112304 

[60] D. S. Alfa, M. Irsyad, M. Anwar, Q. N. F. Adisva, and H. Abdullah, "Student literacy competence in science learning 
in junior high schools with the reading to learn model," Al-Ishlah: Jurnal Pendidikan, vol. 14, no. 2, pp. 1607-1616, 
2022.  

[61] M. Fitri and M. A. Latif, "Adaptive learning for early childhood education during the COVID‑19 pandemic in Aceh 

Jaya District: Online vs. Offline," Al‑Athfal: Jurnal Pendidikan Anak, vol. 7, no. 1, pp. 27–38, 2021.  
[62] K. Sharp, J. M. Jarvis, and J. M. McMillan, "Leadership for differentiated instruction: Teachers’ engagement with on-

site professional learning at an Australian secondary school," International Journal of Inclusive Education, vol. 24, no. 8, 
pp. 901-920, 2020.  https://doi.org/10.1080/13603116.2018.1492639 

[63] F. Idrus, N. A. Z. Asri, and N. N. Baharom, "Has differentiated instruction gone ‘awry’in online teaching and 
learning," Journal of Language Teaching and Research, vol. 12, no. 3, pp. 501-510, 2021.  
https://doi.org/10.17507/Jltr.1203.21 

[64] F. J. E. Gyenssens and K. Struyven, "Differentiated instruction as a student-centered teaching approach in teacher 
education," Journal of Educational Research, vol. 20, no. 1, pp. 256–268, 2020.  

[65] R. Bhat and M. Dar, "The benefits of project-based learning in high school," Journal of International Islamic Law, 
Human Right and Public Policy, vol. 1, no. 4, pp. 250-256, 2023.  

[66] T. T. Ngo, N. K. T. Vu, and T. C. Phan, "Developing self-study competence of students through experiential 
activities in the digital environment," Indonesian Journal of Educational Research and Review, vol. 5, no. 2, pp. 242-251, 
2022.  https://doi.org/10.23887/ijerr.v5i2.50359 

[67] I. W. Widiana, I. N. Jampel, and I. G. A. P. Prawini, "The effectiveness of traditional game‑based communication 
learning activity for cognitive process dimension learning achievement," Cakrawala Pendidikan, vol. 37, no. 2, pp. 
260–269, 2018.  https://doi.org/10.2331/suisan.35.791 

[68] S. Jalal, H. Norman, H. Zaini, F. Hamdan, and N. Y. Khairani Zakaria, "Transformation of challenge‑based learning 
spaces in higher education," International Journal of Academic Research in Business and Social Sciences, vol. 14, no. 5, pp. 
654–661, 2024.  

[69] H. Putri, "Positive correlation between learning motivation and student learning outcomes in physics subjects 
momentum and impulse materials," Indonesian Journal of Educational Research and Review, vol. 4, no. 3, pp. 470-478, 
2021.  

[70] A. A. J. Permana and I. N. L. Jayanta, "Development of e-learning modules for information systems studies based on 
balinese local wisdom," Journal of Education Research and Evaluation, vol. 3, no. 4, pp. 233-238, 2019.  
https://doi.org/10.23887/jere.v3i4.22561 

[71] Y. Rosalina, Y. Yustina, and F. Suzanti, "Constructivism-based learning module for middle school students' creative 
thinking on the interaction of living things and their environments," Journal of Educational Sciences, vol. 5, no. 4, pp. 
687-701, 2021.  

 

 

https://doi.org/10.3390/su132112304
https://doi.org/10.1080/13603116.2018.1492639
https://doi.org/10.17507/Jltr.1203.21
https://doi.org/10.23887/ijerr.v5i2.50359
https://doi.org/10.2331/suisan.35.791
https://doi.org/10.23887/jere.v3i4.22561

