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Development (iqSTEAM Project-Based Learning Tools to Improve
Students’ Critical Thinking and Mathematical Argumentation Abilities

1
Abstract: This study aims to develop a valid, practical, and

effective STEAM Project-Based Learning devi o improve rticle History

critical thinking and maqmatical argumentation skills of junior Recel:ivefi:
high school students. is research uses the Research and Rewlsed
Published:

Development (R&D) method using the Dick and Carey
instructional design model, whicjgconsists of nine systematic
stages. The subjects of this study were eighth-grade junior high Key Words :

school students in Bandung Regency. The instruments used in - grpam  pro ject Based
this study included an expert validation sheet to assess the Learning, critical thinking,

validity of the device, a teacher an@gptudent response .

. . S mathematical
questionnaire to measure practicality, and a pre-test and post-test argumentation
toa ?e effectiveness of the STEAM project-based learning

device. Product validation was carried out by two experts,

namely media and material experts; practicality was carried out
based on teacher@ind student responses, and effectiveness was
measured using the N-Gain score. The results of the study
showed that the developed ggarning device product was very
feasible and valid for use. The results of the material expert
validation reached an average of 96.48%, and the media
validation reached an average of 95.25%, both of which reached
a very high category. The practicality test also resulted in a very
high teacher response, reaching an average of 95%, and the
practicality of student responses was 93%, thus confirming that

product was very practical. The effectiveness test achieved an
average N-Gain score in the experimental class of 0.75 for
mathematical critical thinking and 0.77 for mathematical
argugfemtation skills, which was classified as the high category,
and there was a significant increase in improving students’
mathematical critical thinking and mathematical argumentation
skills.
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Introduction

In facing@ challenges of the 21st century, the Creasing spread of mobility and information
obtained directly by each individual places society 1n ignorance of contexts and situations that
require analytpgsl decision-making and problem-solving so that effective education is needed
in developing critical thinking skills, creativity, communication, and collaboration (Ananda et
al., 2023). With these demands, there is an urgent need worldwide to provide critical thinking

ills at the tertiary level that are up-to-date and comprehensive in meeting modern work needs,
riven by the expansion of major economic forces such as technology, customer service, and
globalization (Shaw et al., 2020).

Critical thinking skills are defined as thinking accurately and systematically according to
the principles of logic and scientific reasoning (Leest & Wolber, 2021). Critical thinking, as it
relates to scientific learning, plays a crucial role in assessing facts and ideas through logical




reasoning in decision-making (Faridi et al., 2021). Therefore, complex problem-solving can be
achieved through in-depth learning that requires critical thinking skills (Uzumcu & Bay, 2020;
Varenina et al., 2021). E
Paul, R & Elder, L (2020) state that critical thinking is the art of analyzing and
luating self-directed thought processes with the intention of improving them. This thinking
requires effective communication and problem-solving skills, as well as a commitment to
advancing the character and sensitivity of a dedicated individual through clear intellectual
development. A well-trainedggitical thinker will raise questions from each problem, formulate
them clearly and precisely, collect and evaluate relevant information, use abstract ideas to
interpret them effectively, and desig@md solutions to solve problems.

From the descriptiongghove, the importance of critical thinking in problem solving is
clear, but often the focus is on the efficiency of problem solving, thus neglecting expressing
statements in the argumentation process, resulting in weak changes in knowledge, arguing in
groups, learning motivation, collaboration, and learning achievement that almost does not
increase. In addition, some students are passive and inactive in expressing statements when
arguing, tending not to share their thoughts with others, thus causing the collaborative learning
process to be unsatisfactory (Sen et al., 2023). To anticipate this problem, it is necessary to
develop mathematical argumentation skills (Lee & Lai, 2024).

Mathematical argumentation conducted by students can consider the best options,
provide causal reasons, and propose the most appropriate solution to a problem rationally
(Landrieu et al., 2023; Zhou, 2023). Argumentation theory is a contextual interaction,
communicative and psychological dynamics, logical structures, and rhetorical theory, which
are arranged based on argumentative strategies described from an interdisciplinary perspective
(Mirza & Clermont, 2009). The purpose of argumentation encourages students' thinking in
expressing their mathempatical thinking (Router, 2023).

Argumentation 1s a special tool that systematically collects and organizes reasons that
support the grath of a claim through a series of statements collected to establish a definite
proposition to provide support or justification or evidence for the truth of other claims
(Foresman, GA, Peter, S & Watson, JC 2016). Mirza & Clermont (2009) stated that
argurggntation is increasingly important in education not only because of the competencies that
must be learned, but also because argumentation can be used to encourage learning in the fields
of philosophy, history, science, and mathematics, as well as other fields. Argumentggion is
increasingly attracting attention as a linguistic, logical, dialogical, and psychological process
that supports or provokes reasoning and learning. The practice of argumentation becomes a
powerful resource for dealing with cognitive contradictions, doubts, controversies, and
compleggdecision-making, thereby engaging students in reasoning and information seeking.

rgumentation is a term conggonly used in mathematics education, but its domain
defines specific components, and its distinction from other constructs, such as reasoning and
proof, is defined in various ways. The scholarly literature on argumentation in mathematics
education sometimes states that the prominent role of argumentation stems from the perception
of mathematics as a domain of deductive reasoning within an axiomatic system and that
mathemati(g argumentation can be seen as an early form of mathematical proof (Reuter 2022).

The Science, Technology, Engineering, Arts, and Mathematics (STk4M) approach can
help develop critical thinking and mathematical argumentation skills. STEAM can make
lectures more engaging by expressing creativity through visual arts and science, thereby
increasing enthusiasm for learning (Conradty & Bogner, 2020). This approach is related to
creativity, aesthetics, ethics, and innovation (Colucci et al., 2019; Quigley et al., 2020). It is
related to intercultural knowledge (Chu et al., 2019; Diego et al., 2021). This approach is a




design-based learning approach that can foster problem-solving and creativity that can
facilitate the acquisition of mathematical knowledge collaboratively, resultigeyin discussion,
open communication, and collaborative conflict resolution (Li & Schoenfeld, l‘?ﬁnglish &
King, 2019; Diego et al., 2019; Chaaban et al., 2021). STEAM projects are used as a problem-
solving method that can be applied in the real world (Graham, 2020). These projects are derived
from the learning process carried out by students, thus being called project-based learning or
STEAM project-based learning (Ananda et al., 2023).

Mathematics learning in junior high schools often uses mathematics learning modules
without integration with science, technology, and the arts. To overcome this obstacle, a
mathematics learning module for junior high schools was designed with spatial geometry as
the subject. This learning method is an approach that combines science, mathematics, arts, and
technology. In mathematics learning, various pedagogical methods and educational
technologigﬂha\'e been designed to support a more focused and in-depth understanding of
concepts. e of the main approaches used is STEAM Project-Based Learning, which
combines science, mathematics, arts, and technology to foster cognitive principles, arts, and
technology. This theory not only provides a theoretical framework for optimal information
processing in working memory but also serves as a basis for creating more flexible and adaptive
learning designs.

Learning activities using STEAM can foster students' logical, mathematical, practical,
and scientific thinkgng skills, as well as their ability to understand the subject matter. This is
because increased student motivation can be achieved through problem-solving by cnmecting
the learning gained to real-life situations. In addition to implementing STEAM, a suitable
learning model is needed to bridge the gap in academic knowledge and to apply it concretely.
Project-based learning (PjBL) is a learning model that encourages students to be active and

le to apply their knowledge and develop various thinking skills and concrete skills. This
project learning engages students in authentic situations to explore and apply acquired
knowledge to solve problems and directs students to select and organize learning activities as
well as investigate and synthesize infggmation (Mantecon et al., 2021).

Based on the description aboveF lopment of STEAM project-based learning tools
needs to be carried ouggwith the aim of improving the critical thinking and mathematical
argumentation skills of junior high school students. The uniqueness of this research lies in the
design of STEAM Project-Based Learning learning tools on spatial geometry material that
utilizes modern digital media and appropriate technology, namely digital TV, in accordance
with the launch of the digitalization movement by the government in Indonesia. The choice of
digital TV as a learning medium has a strong theoretical basis. First, according to Mayer's
multimedia leaming theory, large, colorful visual displays can enhance dual-channel
processing, helping students process spatial information more effectively than small screens
like laptops or tablets. Second, digital TV supports collaborative, project-based learning
because it allows the entire group to observe visual objects simultaneously, discuss
observations, and conduct collective analysis processes that are crucial for developing critical
thinking skills. Third, digital TV is more stable, easily accessible, and does not require as much
technical expertise as personal devices (laptops/tablets), thus minimizing distractions and
students' cognitive load. Thus, the use ofgdigital TV provides an optimal visual and
collaborative environment to foster students' critical thinking skills in the context of STEAM
learning.

Although various studies have developed mathematics learning tools, most remain
procedural and fail to develop critical thinking skills and mathematical argumentation,
particularly in geometry, which requires spatial visualization (Leest & Wolber, 2021; Reuter,




2022). Conventionally developed learning tools are also less effective in representing three-
dimensional objects, leading to misconceptions and minimal cognitive stimulation (Sen et al.,
2023). Furthermore, previous studies have faghad to link geometry to authentic contexts or real-
world problem-solving, thus failing to meet the demands of 21st-century learning (Ananda et
al., 2023). This gap highlights the limitations of traditional media in facilitating higher-order
thinking processes. Therefore, the development of STEAM project-based modules that
integrate science, technology, art, and mathematics and utilizeggigital technologies, such as
digital TV, is needed to enhance visualization, interactivity, and students' critical thinking and
argumentation skills (Conradty & Bogner, 2020).

Method Study

This research uses R&D development with the aim of producing lid, practical, and
effective STEAM Project-Based Learning learning tools to improve students' critical thinking
and mathematical argumentation skills based on the need to innovate to create new products as
solutions and systematically with the Dick & Carey development model. ADDIE is one of the
product development concepts, consisting of Analyze, Design, Development, Implementation,
and Evaluation. ADDIE: This is that learning that must be intentionally centered on students,
innovative, authentic, and inspirin, ranch, 2009). This development model uses the ADDIE
process because it is effective, and ADDIIgws only a process. Which functions as a framework
guide. For situations that are complex, 1t is very appropriate for developing educational
products and other learning resources (Branch, 2009). These development steps refer to the
design development model. instructional model ADDIE according to Branch (2009) and
Aldoobie (2015), and adopt study design Akker (2013).

The first step of this development is preliminary research, or pre-development, which
aims to identify learning objecgiyes and analyze learning, then continues with the analysis
process, namely the analysis of student characteristics and the learning context that is usually
carried out in the school to ensugg that the STEAM Project-Based Learning learning model is
needed relevant to the needs in improving students' critical thinking and mathematical
argumentation skills. The next stage is the design of a valid research instrument by testing the
validity by experts, and the prm:icality instrument involves teacher and student responses to
the developed learning device. The subjects of thi dy were eighth-grade junior high school
students in Bandung Regency. The instruments used in this study are instruments for the
F.lidity, practicality, and effectiveness of the STEAM Project-Based Learning learning device.

roduct validation was carried out by two experts, namely media and material experts;
practicality was carried out based on teacher and student responses; and effectiveness was
measured using the N-Gain score.

The effectiveness testing of the learning devigggproduct was conducted using ?hjs study
used a Experimental Design with a Non-Equivalent Control Group Design, involving one class
as the experimental group and one class as the control group. School selection was carried out
by purposive sampling, namely determining one junior high school in Bandung Regency that
met the criterigafor facility readiness and willingness to cooperate in the study. After the school
was selected, the determination of the experimental class and the control class was carried out
using cluster random sampling, namely selecting classes randomly from the available class
groups. The experimental group consisted of 35 students, while the control group consisted of
36 students. by randomly selecting one junior high school located in the Bandung Regency
area with 35 students in the experimental class and 36 students in the control class. The
experimental group was given treatment with STEAM project-based learning, and the control




class was given conventional learning. ﬁe improvement of students' critical thinking and
mathematical argumentation skills was gggried out using data analysis of the initial pretest score
and the final posttest score for both Iearning using STEAM Project-Based Learning and
conventional learning. To see the significant improvement seen from the increase in the initial
and final scores, a normalized gain analysis was conducted.

Results and Discussion
Result
1. Product Validity Test Results

This R&D development research conducted a validation testﬁl ensure the validity of
the learning device product using STEAM project-based learning. The results of the study
showed that the LKS learning device product developed was very feasible and valid for use.
The results of the material expert validation averaged 96.48%, and the media validation
averaged 95.25%, both of which reached the very high category. This validity test was
conducted to ensure that the learning device could be used. Dick & Carey (2015) stated that a
series of validity tests are important to ensure that the resulting product is not only innovative
but also meets academic standards and technical feasibility in supporting learning objectives.

Table 1. Validity Test Results

Rated aspect Percentage Percentage Category
Subject Matter Media Expert
Expert
Content Suitability 97% 97% Very High
Conformity of Content to Characteristics 96% 95% Very High
Construction Aspect Compliance 96% 95% Very High
Technical Aspect Compliance 96% 96% Very High
Average value 96.48% 95.25% Very High

Based on Table 1, Validation results by material experts and media experts indicate that
the STEAM Project-Based Learning learning tool is categorized as highly valid, with average
scores of 96.48% and 95.25%, respectively. These scores indicate that the tool meets the
criteria for content feasibility, construct validity, and validity according to learning
development standards.

These findings align with research by Conradty & Bogner (2020) and Chaaban et al.
(2021), which emphasized that STEAM-based learning tools require a clear activity structure,
interdisciplinary integration, and representative media support to facilitate students' higher-
order thinking skills. The high validity in this study indicates that the tool design
accommodates these principles.

Furthermore, the validation results confirm that the tool meets the key characteristics
of Project-Based Learning (PjBL) is authentic activities, open-ended exploration, tangible
products, and inquiry cycles. This is consistent with the findings of Li & Schoenfeld (20
who stated that theoretically stable Project-Based Learning (PjBL) tools must reflect the
relationship between content and real-world applications.

2. Product Practicality Test Results

A practicality test was conducted to determine teacher and student responses to the use
of the STEAM Project-Based Learning learning tool during classroom implementation. The
practicality test also resulted in a very high teacher response rate, reaching an average of 95%,
and a student response rate of 93%, thus confirming the product's high practicality. These data
indicate that the learning tool is supported by teachers' ease of use, and students also find it
easier to use during the learning process, especially in improving critical thinking and




mathematical argumentation skills.
Table 2. Results of Product Practicality Test

Rated aspect Percentage of Category
Respondents
Teacher Response 95% Very Practical
Student Response 93% Ve Practical

Based on Table 2, Practicality data shows that the device received a very positive
response from teachers, reaching 95% and students, reaching 93%. This demonstrates that the
learning device using STE Project-Based Learning is easy to use, the flow of activities is
clear, the instructions are easy to understand, and the learning activities are relevant to the
students' context.

Theoretically, the practicality of STEAM-PjBL learning is strongly influenced by the
practicality of the learning device in providing step-by-step directions, opportunities for
collaboration, and flexibility in project completion. These results align with research by
Quigley et al. (2020) angslinglish & King (2019), which reported that good STEAM learning
devices should enable sfudents to experience the design process (design thinking) in a
structured manner. The results of this study confirm that the developed device meets these
characteristics. Therefore, the high practicality of the learning device reflects that the device is
not only feasible to use but also easy to implement in junior high school mathematics learning.

3. Product Effectiveness Test Results

Before conducting the effectiveness test on thgﬁroduc‘[, prerequisite tests were first
carried out, namely normality and homogeneity tests. In this study, the normality test using
Shapiro-Wilk was carried out on the experinﬂ]tal class with treatment using STEAM Project
Based Learning, obtaining a result of 0.300, and the control class using conventional learning
obtained a result of 0.200, so both came from normally distributed data, thus fulfilling the
prerequisites for conducting a homogeneity test between the experimental class and the control
class using the homogeneity test of variance with the Levene test by showing a significance
result of 0.352 so that the data was distributed homogeneously.

After the data was known to come from normally and homogeneously distributed data,
it was continued with a t-test, which obtained a result of 0.007 so that this means there is
a very significant difference between the posttest scores of the two groups. Then, to measure
the magnitude of the improvement between the two groups, a normalized gain test, or N-Gain,
was conducted, with the experimental class reaching 0.75, or derived from high category data,
and the control class reaching 0.018, or derived from low category data. Thus, the STEAM
Project-Based Learning tool is effective in improving students' critical thinking and
mathematical argumentation skills.

Table 3. Results of N-Gain Critical Thinking
Rated Aspect N-Gain Category
Critical Thinjsag 0.75 High

Based on Table 3, students' critical thinking skills significantjss improved after
participating in the developed learnpgse. An N-Gain value of 0.75 indicates that the
improvement in critical thinking skills is in the high category. This finding indicates that the
learning tools and interventions used were able to encourage students to think more
analytically, evaluate information in depth, and draw appropriate conclusions. The high N-
Gain value also indicates that the learning provided successfully bridged the gap between initial
and post-treatment abilities, particularly in facilitating higher-level cognitive processes.

Table 4. Results of N-Gain Argumentation Skills




Rated Aspect N-Gain Category
Argumentation Skills 0.77 High

Basegg on Table 4, The results showed that students' argumentation skills also
experienced significant improvement, with an N-Gain value of 0.77, which is considered high.
This demonstrates that the learning process developed students' ability to construct logical
arguments, provide relevant reasons, and present evidence to support their claims. This
significant gggprovement confirms that the learning approach applied was not only effective in
enhancing critical thinking skills but also simultaneously strengthened students' ability to
deliver quality arguments.

Overall, the N-Gain results for two main aspects of critical thinking (0.75) and
argumentation skills (0.77) were both in the high categopyyThis finding confirms that the
developed learning tool, namely the student worksheet using the STEAM project-based
learning model, has strong effectiveness in developing high-level cognitive abilities. Thus, the
learning tool can be declared feasible and effective for use in learning contexts that emphasize
critical thinking and argumentation literacy.

This research contributes to students’ mathematics leagging by improving critical
thinking and mathematical argumentation skills, as evidenced byge validity, practicality, and
effectiveness of the developed learning tools. This product represents a concrete solution for
'ﬁ_llplementing quality mathematics learning.

e results of this study can significantly address the challenges of 2lst-century learning,
especially in instilling critical thinking and mathematical argumentation skills in students. This
product is strengthened by research results showing that the developed learning device product
is very feasible and valid for use. The results of material expert validation reached an average
of 96.48%, and media validation reached an average of 95.25%, both of which reached a very
high category.

Thus, this product can be used. Practicality testing also resulted in very high teacher
responses, reaching an average of 95%, and practicality of student responses of 93%, thus
confirming that the product is gggry practical or easy to use by teachers and students.
Effectiveness testing achieved an average N-Gain score in the experimental class reaching 0.75
for critical thinking and 0.77 for argumentation skills, which is classified as a high category;
thus, this product is effective? use in efforts to improve students' mathematical literacy and
disposition skills. Therefore, the purpose of this study was to develop a valid, practical, and
effective STEAM Project-Based Leggaing learning device to improve critical thinking and
mathematical argumentation skills in junior high school students.

Discussion

The results of this study indicate that the STEAM Project-Based Learning (PBL)
learning tool developed through R&D has high validity, practicality, and effectiveness. High
validity (average score of 96.48% for subject matter experts and 95.25% for media experts)
confirms that the worksheets (LKS) meet academic and technical standards. This finding aligns
with Dick & Carey's (2015) principle that validity testing is essential to ensure innovative
products while meeting feasibility criteria. This demonstrates that the tool incorporates
STEAM principles, including interdisciplinary integration, a clear activity structure, and
representative media support (Conradty & Bogner, 2020; Chaaban et al., 2021). Furthermore,
key characteristics of PjBL, such as authentic activities, open-ended exploration, tangible
products, and inquiry cycles, are also met, reinforcing the tool's relevance to real-world
mathematics learning contexts (Li & Schoenfeld, 2019). Thus, high validity is not simply a
number, but reflects the tool's pedagogical quality and readiness for classroom implementation.




The device's practicality also received high scores, with 95% approval from teachers and 93%
from students. This indicates that the device is easy to use, the flow of activities is clear, and
the instructions are understandable to all users. High practicality supports the effective
implementation of STEAM-PjBL learning, as teachers argggble to facilitate activities without
technical barriers, and students can focus on developing critical thinking and mathematical
argumentation skills (Quigley etal., 2020; English & King, 2019). In other words, the device's
practicality supports the transition from theory to practice, which is a key indicator of
successful implementation of learning innovations.

The device's effectiveness was demonstrated through an EGain test, where the
experimental class achieved a score of 0.75 (high category), while the control cq only
achieved 0.012 (low category). The significant difference between the two groups indicates
that the use of STEAM-PjBL significantly improved critical thinking and mathematical
argumentation skills. ghhese findings strengthen the argument that the integration of STEAM
and PjBL approaches not only enhances students' motivation and creativity butalso encourages
them to connect mathematical concepts to real-world situations, as suggested by recent
literature. This extreme difference occurred because conventional learning in the control class
was more passive and did not provide activities that encouraged higher-order thinking, so the
improvement was barely noticeable. Instruments and procedures were consistently applied, so
the low Ngpmin in the control class reflects the limitations of conventional methods in
developing critical thinking and mathematical argumentation skills.

Overall, the fingemgs of this study confirm that the developed STEAM-P;BL learning
toolkit significantly contributes to development of junior high school students'
mathematical literacy and dispositions. The novelty of this research lies in the systematic
integration of STEAM and PjBL, with a focus on mathematical argumentation—an aspect
previously underexplored in STEAM-PjBL research. This product is not only valid and
practical but also effective, making it a learning model ready to be replicated in other school
contexts with similar characteristics.

Thus, the discussion demonstrates that this learning toolkit is capable of addressing
2Ist-century challenges, particularly in enhancing students' critical thinking and mathematical
argumentation skills. It also demonstrates that STEAM-PjBL-based R&D innovations can be
successfully implemented in authentic and meaningful mathematics learning.

Conclusion

The research results show that the developeges§ TEAM Project-Based Learning device
is valid, practical, and effectivegpgaking it suitable for use in junior high school mathematics
learning=il'his learning device is suitable for use in mathematics learning. The STEAM learning
devigmbased on Project Based Learning (PjBL) is valid, practical, and effective because it is
able to integrate science, technology, engineering, art, and mathematics concepts contextually
gough real projects that are relevant to students' lives. The validity of the device is seen from

¢ suitability of the material to the curriculum, clear learning objectives, and expert
assessments ghting that learning activities and resources can encourage literacy, mathematical
dispositions, and 2 I st-century skills such as creativity, collaboration, and critical thinking. This
device is also practical because of clear instructions, efficient implementation time, and easily
accessible resources so that teachers and students can use it without difficulty. In addition, the
device is proven to be effective in improving students' conceptual understanding, critical
thinking skills, creativity, and learning motivation, because the project-based learning process




requires active participation, problem solving, and reflection on the results achieved. The
advantages of STEAM PjBL lie in its integrative, contextual approach and its orientation
towards developing soft skills, encouraging students to learn independently, and creating
learning experiences.

Recommendation

For further research, it is recommended to expand the development of STEAM learning
tools acrqsg various grade levels and mathematics subtopics to achieve broader impact. For
teachers,ﬁ results of this study can serve as a reference for implementing more innovative
project-based learning and optimally utilizing digital media to enhance students' critical
thinking and argumentation skills. Researchers should conduct trials in more diverse school
conteq and evaluate aspects of sustainability, long-term practicality, and the integration of
more advanced technologies to improve the quality of mathematics learning in the future.

Reference

Ananda, L.R., Rahmawati, Y., & Khairi, F. (2023). Critical Thinking Skills of Chemistry
Students by Integrating Design Thinking with STEAM-PjBL. Journal of Technology
and Science Education, 13(1), 352-367. https://doi.org/10.3926/jotse.1938

Chaaban, Y., Qadhi, S., & Du, X. (2021). Student teachers' perceptions of factors influencing
learner agency working in teams in a STEAM-based course. Eurasian Journal of
Mathematics, Science and Technology Education, 17(7), em1980. https://doi.org/10.
29333 /ejmste/10978

Chaaban, Y., El Zein, A., & Kadir, B. A. (2021). Teachers’ perceptions of STEAM education:
A systematic review of the literature. Journal of Science Education and Technology,
30(5), 631-648. https://doi.org/10.1007/s10956-021-09917-w

Chang., CY, Du, Z., Kuo, HC & Chang , CC (2023). Investigating the Impact of Design
Thinking-Based STEAM PBL on Students' Creativity and Computational Thinking.
IEE Transactions on Education 66(6). https://doi.org/10.1109/TE.2023.3297221

Chu, H.E., Martin, S.N., & Park, J. (2019). A theoretical framework for developing an
intercultural STEAM program for Australian and Korean students to enhance science
teaching and leaming. International Journal of Science and Mathematics Education,
17(7), 1251-1266. https://doi.org/10.1007/s10763-018-9922-y

Chu, H.E., Martin, S.N., & Park, J. (2019). A theoretical framework for developing an
intercultural STEAM program for Australian and Korean students to enhance science
teaching and learning. International Journal of Science and Mathematics Education,
17(7), 1251-1266. https://doi.org/10.1007/510763-018-9922-y

Colucci-Gray, L., Burnard, P., Gray, D., & Cooke, C. (2019). A critical review of STEAM
(science, technology, engineering, arts, and mathematics). In P. Thomson (Ed.), Oxford
research encyclopedia of education (pp. 1-26). Oxford University Press.
https://doi.org/10.1093/ACREFORE%2F9780190264093.013.398

Conradty, C., & Bogner, F.X. (2019). From STEM to STEAM: cracking the code? How
creativity & motivation interacts with inquiry-based learning. Creativity Research
Journal, 31(3), 284-295. https://doi.org/10.1080/10400419.2019.1641678

Creswell, J. W. (2009). Research Design Qualitative, Quantitative, and Mixed Method
Approaches (3rd ed.). SAGE Publications

Daniel, MC, Isabel, CC & Roclo, GC (2024) Analysis of Mathematics Education from a




STEAM Approach at Secondary and Pre-University Educational Levels: A Systematic
Review. Journal of Technology and Science Education 14(2) pp 507-528. https://doi.org/
10.3926/jotse.2349

Dick, W., Carey, L., & Carey, J. O. (2015). The systematic design of instruction (8th ed.).
Pearson.

Diego-Mantecon, J.M., Arcera, 0., Blanco, T.F., & Lavicza, Z. (2019). An engineering
technology problem-solving approach for modifying student mathematics-related
beliefs: building a robot to solve a Rubik's cube. International Journal for Technology
in Mathematics Education, 26(2), 55-64 http://dx.doi.org/10.1564/tme_v26.2.02

Diego-Mantecon, J.M., Arcera, 0., Blanco, T.F., & Lavicza, Z. (2019). An engineering
technology problem-solving approach for modifying student mathematics-related
beliefs: building a robot to solve a Rubik's cube. International Journal for Technology
in Mathematics Education, 26(2), 55-64. http://dx.doi.org/10.1564/tme v26.2.02

Diego-Mantecon, J., Blanco, T., Ortiz-Laso, Z., & Lavicza, Z. (2021). STEAM projects with
KIKS format for developing key competences. [Proyectos STEAM con formato KIKS
para el desarrollo de competencias clave]. Comunicar, 66, 33-43.
https://doi.org/10.3916/C66-2021-03

Diego-Mantecon, J., Blanco, T., Ortiz-Laso, Z., & Lavicza, Z. (2021). STEAM projects with
KIKS format for developing key competences. [Proyectos STEAM con formato KIKS
para el desarrollo de competencias clave]. Comunicar, 66, 33-43. https://doi.org/
10.3916/C66-2021-03

Dundar, K. R. (2022). Design Thinking in Education. Education & Science 2022 (pp.39-47)

: EFEACADEMY

English, L.D., & King, D. (2019). STEM integration in sixth grade: designing and
constructing paper bridges. International Journal of Science and Mathematics
Education, 17, 863-884. https:/doi. org/10.1007/510763-018-9912-0

Faridi, H., Tuli, N., Mantri, A., Singh, G., & Gargrish, S. (2021). A Framework for Utilizing
Augmented Reality to Improve Critical Thinking Ability and Leaming Gain of the
Students in Physics. Computer Applications in Engineering Education, 29(1), 258-273.
https://doi.org/10.1002/cae.22342

Foresman, GA, Peter, S & Watson, JC (2016).The Critical Thinking Toolkit. Hoboken :Wiley,
2016

Graham, M. A. (2020). Deconstructing the Bright Future of STEAM and Design Thinking.
Art Education, 73(3), 6-12. https://doi.org/10.1080/00043125.2020.1717820

Hang, H., Yaxin, L., Yang, Y., Yifei, S & Shuang, D (2020) The relationship between STEAM
instruction, design thinking and deeper learning. International Journal of Engineering
Education 36 (5) Pages 1448 — 146020

Holzle, K., & Rhinow, H. (2019). The Dilemmas of Design Thinking in Innovation Projects.
Project Management Journal, 50(4), 418-430.
https://doi.org/10.1177/8756972819853129

Kijima, R., Yang-Yoshihara, M., & Maekawa, M. S. (2021). Using design thinking to cultivate
the next generation of female STEAM thinkers. International Journal of STEM
Education, 6. https://doi.org/10.1186/s40594-021-00271-6

Koh, J. H. L., Chai, C. S., Wong, B., & Hong, H. Y. (2015). Design thinking for education:
Conceptions and applications in teaching and learning. Springer

Landrieu, Y., De Smedt, F., Van Keer, H., & De Wever, B. (2023). Argumentation in
collaboration: The impact of explicit instruction and collaborative writing on secondary
school  students'  argumentative  writing.  Reading  and  Writing




https://doi.org/10.1007/s11145-023-10439-x

Lee, WC, & Lai, CL, (2024) Facilitating Mathematical Argumentation by Gamification: A
Gamified Mobile Collaborative Learning Approach for Mathematics Courses.
International Journal of Science and Mathematics Education.
https://doi.org/10.1007/510763-024-10462-6

Leest, B & Wolbers, MHJ (2021) Critical thinking, Creativity and Study Results as Predictors
of Selection for and Successful Completion of Excellence Programs in Dutch Higher
Education Institutions, European Journal of Higher Education, 11:1, 29-43.
https://doi.org/10.1080/21568235.2020.1850310

Li, Y., & Schoenfeld, A. H. (2019). Problematizing teaching and learning mathematics as
“given” in STEM education. Journal for STEM Education Research.
https://doi.org/10.1186/ s40594-019-0197-9

Lin, KY, Wu, Y.T., Hsu, Y.T., & Williams, P.J. (2021). Effects of infusing the engineering
design process into STEM project-based learning to develop preservice technology
teachers' engineering design thinking. International Journal of STEM Education, 8(1), 1-
15. https://doi.org/10.1186/540594-020-00258-9

Mantecon, J.M.D., Prodromou, T., Lavicza, Z., Blanco, T.F., Laso, Z.0. (2021). An Attempt
to Evaluate STEAM Project-Based Instruction from a School Mathematics Perspective.
ZDM-Mathematics Education 53: 1137-1148. https:/doi.org/10.1007/s11858-021-
01303-9

Marlina, E. (2020). Development of a Blended Learning Model Assisted by The Sevima
Edlink. Padegogic Journal 3(02). https://doi.org/10.35974/jpd.v3i2.2339 .

Miles, M. B., Huberman, M. A., & Saldana, J. (2014). Qualitative Data Analysis (3rd ed.).
SAGE Publications

Mirza, N.M., & Clermont, A.N.P. (Eds.). (2009). Argumentation and education.: Theoretical
Jfoundations  and  practices.  Springer  Science &  Business  Media.
https://books.google.co.id/

Park, B. Y., Kim, S. W., Kim, H. J., & Shin, A. S. (2016). Development of STEAM program
using PBL and analysis of its effectiveness. Journal of the Korean Association for
Science Education, 36(1), 23-32. https://doi.org/10.14697/jkase.2016.36.1.023

Paul, R & Elder, L (2020). The Miniature Guide to Critical Thinking Concepts and Tools. An
imprint of The Rowman & Littlefield Publishing Group, Inc. 4501 Forbes Boulevard,
Suite 200, Lanham, Maryland 20706 www.rowman.com

Plattner, H. (2010). An introduction to Design Thinking Process Guide. In Institute of Design
at  Stanford (6). Institute of Design at Stanford. Available at:
https://dschoolold.stanford.edu/sandbox/groups/designresources/wiki/36873/attachme
nts/74b3d/ModeGuideBOOTCAMP20 10L.pd

Pratt, J. M., & Yezierski, E. J. (2018). A novel qualitative method to improve access,
elicitation, and sample diversification for enhanced transferability applied to studying
chemistry outreach. Chemistry Education Research and Practice, 19(2), 410-430.
https://doi.org/10.1039/c7rp00200a

Quigley, C.F., Herro, D., King, E., & Plank, H. (2020). STEAM designed and implemented:
understanding the process of design and implementation of STEAM curriculum in an
elementary school. Journal of Science Education and Technology, 29(4), 499-518.
https://doi.org/10.1007/510956-020-09832-w

Quigley, C.F., Herro, D., Shekell, C., Cian, H., & Jacques, L. (2020). Connected learning in
STEAM classrooms: opportunities for engaging youth in science and math classrooms.




International Journal of Science and Mathematics Education, 18(8), 1441- 1463.
https:/doi.org/10.1007/s10763-019-10034-z

Reuter, F. (2023). Explorative mathematical argumentation: A theoretical framework for
identifying and analyzing argumentation processes in early mathematics learning.
Educational Studies in Mathematics, 112 (3), 415-435. https://doi.org/10.1007/510649-
022-10199-5

Ridwan, A., Rahmawati, Y., Mardiah, A., & Rifai, A. (2020). Developing 22nd century skills
through the integration of STEAM into smoke absorber project. Journal of Physics:
Conference Series, 1521(4). https://doi.org/10.1088/1742-6596/1521/4/042077

Roberts, J. C., & Ritsos, P. D. (2020). Critical Thinking Sheet (CTS) for Design Thinking in
Programming Courses. Eurographics 2020 - Education Papers.
https: //doi.org/10.2312/eged.20201029

Sen, M., Sungur, S., & Oztekin, C. (2023). Exploration of middle school students' scientific
epistemological beliefs and their engagement in argumentation. The Journal of
Educational Research, 116, 1-16. https://doi.org/10.1080/00220671.2023.2265880

Shaw, A., Liu, O.L., Gu, L., Kardonova, E., Chirikov, L., Li, G. (2020). Thinking Critically
About Critical Thinking: Validating the Russian HEIghten® Critical Thinking
Assessment. Studies in Higher Education, 45(9), 1933-1948.
https://doi.org/10.1080/03075079.2019.1672640

Simeon, ML, Samsudin, MA, & Yakob, N. (2020). Effect of design thinking approach on
students' achievement in some selected physics concepts in the context of STEM
learning. International Journal of Technology and Design Education, 32, 185-212.
https://doi.org/10.1007/510798-020-09601-1

Uzumcu, O., & Bay, E. (2020). The Effect of Computational Thinking Skill Program Design
Developed According to Interest Driven Creator Theory on Prospective Teachers.
Education and Information Technologies, 26, 565-583. https://doi.org/10.1007/510639-
020-10268-3

Varenina, L., Vecherinina, E., Shchedrina, E., Valiev, 1., & Islamov, A. (2021). Developing
Critical Thinking Skills in a Digital educational environment. Thinking Skills and
Creativity, 41(July), 100906. https://doi.org/10.1016/j.tsc.2021. 100906

Zhou, D.H. (2023). “Learn to Argue” and “Argue to Learn™: Meta-analysis of effective
instructional design for online scientific argumentation activities. Interactive Learning
Environments . https://doi.org/10.1080/10494820.2023.2205904




revisi+2+eMAS+mARLINA+SINTA+english.docx

ORIGINALITY REPORT

20, 194 19

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS

/%

STUDENT PAPERS

PRIMARY SOURCES

.

files.eric.ed.gov

Internet Source

O

B2

Friederike Reuter. "Explorative mathematical 2
o . %
argumentation: a theoretical framework for

identifying and analysing argumentation

processes in early mathematics learning"”,
Educational Studies in Mathematics, 2023

Publication

[e2]

ojspanel.undikma.ac.id

Internet Source

2%

Submitted to Universitas PGRI Semarang /1
4 %
Student Paper 0
jiped.org /1
Internet Source %
H garuda.kemdikbud.go.id /1
Internet Source %
www.sciencegate.app 1
Internet Source %
B journal.rescollacomm.com /
Internet Source %
n library.oapen.org /1
Internet Source %
repositori.uin-alauddin.ac.id /
10 o
Internet Source 0
1library.net /
Internet Source < %




Subrmtjced to Fakultas Keguruan dan [Imu <1 o
Pendidikan
Student Paper
link.springer.com 1
Internet Se)urceg < %
Submitted to University of New England /
Student Paper y g < %
Submitted to Babes-Bolyai Universit 1
Student Paper y y < %
Submitted to University of Arizona 1
Student Paper y < %
Yulia Melinda Putri, Eka Titi Andaryani. < o
"Development of Snake and Ladder Board ’
Game Media to Improve Fifth-Grade Students
Learning Outcomes on Fraction", Jurnal
Pendidikan Progresif, 2025
Publication
Nuril Nuzulia. "The Effectiveness of The use of <1 o
Snake and Ladder Media in The Material of °
The Kingdoms of Islam, Hinduism and
Buddhism Based on The Hots Problem of
Students Learning Outcomes in Elementary
Schools", Madrosatuna: Journal of Islamic
Elementary School, 2021
Publication
19 Submitteq to Universitas Muhammadiyah <1 %
Sukabumi
Student Paper
www.scribd.com
Internet Source <1 %
Submitted to Colorado Technical University <1 %

Online
Student Paper




Mphahlele, Letebele Mary-Hellen. "A <1 y
Framework for Developing Critical Thinking °
Skills for Accounting Students.", University of
Johannesburg (South Africa)

Publication
Stephen J. Farenga, Salvatore G. Garofalo,

23 _ , <l%
Daniel Ness. "International Handbook of
Research on STEAM Curriculum and Practice",
Routledge, 2025
Publication
www.atlantis-press.com

Internet Source p <1 %

M. Hidayatur Rohman, Putujt I\/Ia.rwoto., | <1 %
Sunyoto Eko Nugroho, Supriyadi Supriyadi.
"Effectiveness of Ethnoecological-STEM
Project-Based Learning Model to Improve
Critical Thinking Skills, Creativity, and Science
Concept Mastery", International Journal of
Cognitive Research in Science, Engineering
and Education, 2024
Publication

Submitted to University of Muhammadiyah <1 o
Malang
Student Paper
badanpenerbit.or /1

Internet SoE)rce g < %
repository.radenintan.ac.id /1

InteFr)net Sourcey < %
revista.domhelder.edu.br /1

Internet Source < %

Shim, Soo Won. "Elementary Preservice < 0%

Teachers'Competence in Planning and
Implementing Empathic Design in Cross-




Cultural Stem Education", Purdue University,
2023

Publication

Tiara, Nasarudin, Husnan Husnan, Ahmad <1 o
Helwani, Nurjannah. "The Use of Numbered °
Heads Together (NHT) Learning Model to
Improve Arabic Reading Skills of Students at
Sdit Al-Fajar Academy Mataram”,

International Journal of Applied and Scientific
Research, 2025

Publication

managementpapers.polsl.pl

Internet Source <1 %
www.frontiersin.or

Internet Source g <1 %
www.jipkl.com

Internet Source <1 %
www.richtmann.or

Internet Source g <1 %

Submitted to Two Oceans Graduate Institute <1
Student Paper %
e-journal.stkipsiliwangi.ac.id

Intélrnet Source p g <1 %
jjrpr.com

Internet Source <1 %
journal.uinjkt.ac.id

‘I]nternet Source J <1 %

journal.yrpipku.com <1
Internet Source %
learningaloud.ie

Internet Sou%ce <1 %

malque.pub



Internet Source

<l%
merga.net.au <
Internet Source %
I\ﬁ\:{\e/r\rlw\é\t/;f)lucriaedemypubI|cat|on.com < o
Albert Valls. "Computational Thinking and < o
Educational Robotics Integrated into Project- °
Based Learning", Research Square Platform
LLC, 2022
Publication
Bahtiar, Y S Rahayu, Wasis. "Developing 1
. <l%
Learning Model P3E to Improve Students’
Critical Thinking Skills of Islamic Senior High
School", Journal of Physics: Conference Series,
2018
Publication
Noor Anita, Roslinda Rosli, Azmin Sham, Lilia 1
. . . <l%
Halim. "Mathematics Teachers' Practices of
STEM Education: A Systematic Literature
Review", European Journal of Educational
Research, 2021
Publication
Nuryami, Sunardi, Susanto, P Rlqukg, A <1 %
Shofyan. "The development of learning tool
based on realistic mathematics education and
its influence on spatial abilities of elementary
school students", Journal of Physics:
Conference Series, 2021
Publication
Submitted to Westcliff Universit
Student Paper y <1 %
ejournal.upsi.edu.m
In{ernetSource p y <1 %




researchonline.ljmu.ac.uk

Internet Source < %
www.kosen-k.go.jp <
Internet Source %
www.solidstatetechnology.us 1
Internet Source gy < %
"Integrated Approaches to STEM Education”, < o
Springer Science and Business Media LLC, °
2020
Publication
Saidil Mursali, Ika Nurani Dewi, Zul Anwar. <1 o
"Hybrid Learning Development: A °
Combination of Level of Inquiry and Moodle
to Enhance Students' Critical Thinking Skills",
Al Jahiz: Journal of Biology Education
Research, 2025
Publication
Design Thinking for Education, 2015.
Publicatigon g <1 %
In In Supianti, Poppy Yaniawati, Ebenezer <1 o
Bonyah, Astri Widiastuti Hasbiah, Nisrina °
Rozalini. "STEAM approach in project-based
learning to develop mathematical literacy and
students' character", Infinity Journal, 2025
Publication
Kwambaza, Clement Peter. "Parents’ and <1 o
Teachers' Support for Pre-Primary School °
Children’s Development of Critical Thinking
Skills: A Case of Kongwa District, Dodoma
Region", University of Dodoma (Tanzania)
Publication
Lintang Rizkyta Ananda, Yuli Rahmawati, <1 y
0

Fauzan Khairi. "Critical thinking skills of



Chemistry students by integrating design
thinking with STEAM-PjBL", Journal of
Technology and Science Education, 2023

Publication

S Kartika, D Saepuzaman, H Rusnayati, S
Karim, S A Feranie. "The influence of scientific
creativity and critical worksheet (SCCW) on
project based learning to increase cognitive
ability, scientific creative skills and scientific
critical skills senior high school students on
sound wave problem", Journal of Physics:
Conference Series, 2019

Publication

<1%

Exclude quotes Off Exclude matches Off
Exclude bibliography  On



