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Abstract 

Mathematics is essential for individuals to solve everyday life problems. However, students remain 

insufficiently motivated in mathematics learning, necessitating the implementation of engaging 

teaching approaches integrated with other disciplines, such as STEAM (Science, Technology, 

Engineering, Art, and Mathematics). This study investigated the effectiveness of a STEAM-based 

Project-Based Learning (PjBL) approach on mathematical literacy and character development among 

secondary school students. Utilizing a mixed-methods convergent parallel design, the research 

employed quantitative and qualitative techniques. The quantitative data collection used a literacy 

skills test to measure mathematical literacy. Meanwhile, the qualitative data collection to measure 

students' character utilized surveys, interviews, and observations. Quantitative data analysis was 

conducted using the Kruskal-Wallis test, while qualitative data analysis employed triangulation, 

including data reduction, data presentation, and data verification stages. The study results revealed 

that students' mathematical literacy significantly improved after participating in STEAM-PjBL-

based learning. Additionally, STEAM-PjBL fosters the development of students' character traits, 

including teamwork, communication, and responsibility, highlighting its potential to support holistic 

educational outcomes. These findings indicate that integrating STEAM principles with PjBL 

enhances academic performance and cultivates critical 21st-century skills. 
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1. INTRODUCTION 

The effectiveness of STEAM-based learning materials through project-based 

learning (PjBL) to develop student character and literacy skills has garnered significant 

attention in educational research. STEAM, which integrates Science, Technology, 

Engineering, Arts, and Mathematics, has been recognized as a highly effective pedagogical 

approach for developing mathematical literacy and character in students (Albeshree et al., 

2022; Hardman, 2019; Nantschev et al., 2020; Ní Shé et al., 2023). By incorporating real-

world applications, STEAM connects mathematical concepts to practical experiences, 

making learning more engaging and relevant (Herrero et al., 2023; Herro et al., 2022; Körtesi 

et al., 2022; Ozkan & Umdu Topsakal, 2021; Rodríguez-Nieto & Alsina, 2022). This 

interdisciplinary and hands-on methodology fosters an environment where problem-solving 

skills, creativity, and critical thinking can thrive, providing opportunities to explore 

mathematical concepts through practical projects. Furthermore, STEAM-based learning 

promotes essential character traits, such as collaboration, communication, and resilience 

(Boice et al., 2021; Conradty & Bogner, 2020; Kim et al., 2019; Li et al., 2022; Quigley et 

al., 2020). Engaging students in collaborative projects encourages them to work together, 

navigate challenges, and respect diverse perspectives, ultimately fostering empathy and 

leadership skills. As students participate in project-based learning activities, they develop a 

growth mindset, viewing challenges as integral to the learning process (Bai & Wang, 2023; 

Chen, 2021; Yeager & Dweck, 2020; Yeager et al., 2019). 

Despite the proven benefits, the implementation of STEAM-based learning in 

educational settings, particularly at the junior high school level, remains limited. Traditional 

mathematics instruction often emphasizes rote memorization, which can result in a lack of 

engagement and understanding of real-world applications (Pellegrini et al., 2021). The 

general solution to this issue is integrating STEAM-based learning materials through 

Project-Based Learning (PjBL), offering an interactive platform for students to apply 

mathematical concepts in real-world scenarios (Cunha et al., 2024). By integrating STEAM 

with PjBL, students engage in inquiry-based learning, collaboration, and hands-on activities, 

making learning more meaningful and engaging. 

Research indicates that the combination of STEAM with PjBL significantly enhances 

conceptual understanding and practical skills, especially in complex topics (Chistyakov et 

al., 2023; Diego-Mantecon et al., 2021). For instance, students working on projects like 

designing structures can employ mathematical skills such as geometry and algebra, thus 

deepening their understanding of these concepts in a practical context (Gellert et al., 2013; 

Ziatdinov & Valles, 2022). This interdisciplinary nature encourages a holistic approach to 

learning, where the integration of arts within STEAM allows students to approach 

mathematical problems creatively, viewing them from multiple perspectives (Iyer et al., 

2023). This enhances their mathematical literacy and helps develop social and emotional 

skills through collaboration and communication (Aleksić et al., 2019). 

Character is an essential soft skill to develop in the school learning process (Fisher 

et al., 2017; Kariadinata et al., 2019). Particularly in STEAM-based PjBL, the strength of 

character is highly needed, as students learn to work in teams, build resilience, and appreciate 

diverse perspectives. The integration of character education within the STEAM curriculum 
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fosters a sense of responsibility and ethical reasoning, which is essential for their 

development as informed citizens (Ng, 2024; Rahmawati et al., 2022). Engaging students in 

project-based learning that addresses real-world challenges helps them develop social 

responsibility alongside academic learning. Moreover, STEAM-based PjBL has a positive 

impact on students' attitudes toward mathematics by making learning relevant and enjoyable 

(Cunha et al., 2024). By integrating arts and digital literacy into the STEAM framework, 

students can engage more effectively, as they become accustomed to utilizing various media 

and collaborative learning environments, which promotes the holistic development of 

literacy and character (Silawati, 2019). This interdisciplinary approach also helps enhance 

literacy skills, as projects involving information delivery or multimedia presentations require 

clear articulation and effective communication (Bertrand & Namukasa, 2020). 

The Merdeka Curriculum policy includes the minimum competency assessment and 

character surveys. This assessment emphasizes literacy and numeracy skills (Alwiyah & 

Imaniyati, 2018). Mathematical literacy is considered one of the abilities that can help the 

younger generation meet the demands of the current global development (Supianti et al., 

2022; Yaniawati et al., 2023) and is an important skill for students (Gabriel et al., 2020; 

Hadiyanti et al., 2021; Stacey, 2015). Mathematical literacy refers to the ability to formulate, 

use, and interpret mathematics in various situations (Wijaya et al., 2024). It can also be 

defined as the ability to understand problems related to mathematics and apply them in daily 

life (Kurniawati et al., 2020; Mahlow & Hediger, 2021); the ability to analyze, argue, and 

effectively communicate ideas in solving mathematical problems (Andriyani et al., 2022); 

and it can also mean using mathematical knowledge to solve and interpret problems (Wijaya 

et al., 2024). 

The students’ mathematical literacy issues in Indonesia have been low from 2000 to 

2018, ranking in the bottom 10 among OECD member countries eight times (Wijaya et al., 

2024). The low mathematical literacy of students must be taken seriously, as this skill is 

important for using mathematics to solve daily problems (Effendi et al., 2020; Kozakli Ulger 

et al., 2022; Kurniawati et al., 2020; Murtiyasa & Perwita, 2020). One of the factors 

contributing to low mathematical literacy is the lack of engaging teaching methods used by 

teachers in the classroom (Setiawati et al., 2017). Besides teacher readiness, factors like 

curriculum and learning models (Murtiyasa & Perwita, 2020) also play a role. Incorrect use 

of learning media can also be a factor contributing to the low mathematical literacy of 

students. 

In addition to mathematical literacy, student character is also a concern for all 

education stakeholders in Indonesia. Currently, many cases show a decline in student 

character, such as brawls, bullying, and even murders committed by minors. Research results 

indicate that students have low resilience in learning (Khairani & Mudjiran, 2022) and show 

limited participation in learning activities (Angraini & Sriyati, 2019). This forms the basis 

for the promotion of character and moral education in Indonesia. 

To address the problems above, an effective STEAM learning design is needed to 

develop students' mathematical literacy and character. Based on research findings by Novita 

and Herman (2021) and Hsu (2020) integrating educational technology into learning can 

develop students' mathematical literacy skills, academic achievement, and learning 
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effectiveness (Akman & Çakır, 2023; Shi et al., 2022). STEAM builds a bridge between 

what is learned and real life, helping students understand what they are learning (Zhang et 

al., 2024). Mathematical literacy is relevant to the ethnomathematics of the Sundanese 

community in terms of content, context, and mathematical processes (Umbara et al., 2023). 

STEAM-based learning materials, when combined with PjBL, have shown considerable 

promise for developing student character and literacy skills. This approach fosters critical 

thinking, creativity, and collaboration among students, while also promoting character 

development and literacy skills essential for success in the 21st century (Aguilera & Ortiz-

Revilla, 2021; Becker & Park, 2011). Mathematical literacy can be improved through 

realistic mathematics education (Fauzan et al., 2024). 

The objectives of this research are: 1) to design STEAM-based learning that 

emphasizes the development of students’ mathematical literacy and character; 2) to analyze 

the mathematical literacy and character development of students who engage with STEAM-

based learning; and 3) to assess the effectiveness of STEAM-based learning in enhancing 

students' mathematical literacy and character. 
 

2. METHOD 

This research employed a mixed-method approach with a convergent parallel design. 

The quantitative method was used to analyze the effectiveness of STEAM-based learning in 

improving mathematical literacy, while the qualitative approach described the 

implementation of STEAM-based learning in developing students' character.  

The quantitative data collection used a literacy skills test to measure mathematical 

literacy. Meanwhile, the qualitative data collection to measure students' character utilized, 

interviews, and observations. The documentation study collected literature and analyzed the 

implementation of STEAM-based learning and the variables under study, which included 

mathematical literacy and student characteristics. Observations involved both educators and 

students to observe the implementation of STEAM learning by teachers and student 

character. Interviews were conducted with students to gain deeper insights into the use of 

STEAM learning, mathematical literacy, and student character. The mathematical literacy 

test consisted of six open-ended questions that addressed the indicators of formulating, 

employing, and interpreting. 

Quantitative data analysis was conducted using the Kruskal-Wallis test, while 

qualitative data analysis employed triangulation, including data reduction, data presentation, 

and data verification stages. Qualitative data analysis was conducted through triangulation, 

including stages of data reduction, data presentation, and data verification. Additionally, it 

employed the Interactive Analysis model by Yaniawati and Indrawan (2024), which 

involves: 1) recording all observed phenomena in the field through observations, interviews, 

and documentation; 2) reviewing the observation, interview, and documentation notes, 

separating relevant data, and repeating this process to check for classification errors; 3) 

describing the classified data with attention to the research focus and objectives; and 4) 

producing a final analysis in the form of a research report. 

The research subjects are High School with two classes, each with 24 students from 

junior high school. The research stages included preparation through FGDs, designing 
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research instruments, creating STEAM-based learning designs to enhance mathematical 

literacy and student character, expert validation, analyzing validation results, conducting 

STEAM-based learning trials, and formulating the concept and characteristics of STEAM-

based learning. 

 

3. RESULTS AND DISCUSSION 

3.1. Results 

3.1.1. Design of STEAM-Based Learning for Ratio Material 

The STEAM-based learning design for ratio material covers various interdisciplinary 

aspects. Within the science component, students explore basic physics concepts related to 

force, motion, and energy, which are necessary for moving simple toy cars. Additionally, 

they examine the properties of materials used in constructing cars, considering aspects such 

as strength, flexibility, and the durability of recycled materials. The technology and art 

component involves students using basic technology to design and visualize their toy cars. 

This process includes utilizing graphic design applications or simulation software, which 

enables them to focus on the car’s aesthetic aspects, appreciating the value of beauty and 

artistry in their creations. In the engineering phase, students develop a step-by-step process 

for constructing their toy cars, starting from collecting recycled materials to final assembly. 

This practical exercise emphasizes the importance of sustainable practices, as they are tasked 

with building the cars using recycled materials. The mathematics component is integrated as 

students apply various ratio concepts. They explore direct proportions in the design process, 

analyze inverse proportion between energy and speed, calculate material efficiency ratios, 

and compare costs, allowing them to grasp the mathematical foundations that underpin their 

project (see Figure 1). 
 

 

Figure 1. STEAM-based learning design for ratio topics 

 

The integration of STEAM and character elements within the Ratio lesson materials 

is illustrated in the following Figure 2. 
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Figure 2. Integration of STEAM in ratio topics 

 

3.1.2. Mathematical Literacy Test Results 

The results validated STEAM-based materials. The average effect size was 0.51, 

indicating moderate effectiveness based on Cohen's criteria. Table 1 shows the mathematical 

literacy based on student character 

Table 1. Mathematical literacy skills based on student character 

Treatment 
Character 

Group 
Mean 

Std. 

Deviation 

Conventional Method Low   0.00   0.00 

Moderate   4.38   1.77 

High   8.13   3.72 

Total    4.17   4.08 
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Treatment 
Character 

Group 
Mean 

Std. 

Deviation 

STEAM-Based Materials (PjBL) Low 45.00 14.14 

Moderate 61.88   2.59 

High 75.00   5.35 

Total  60.63 15.13 

 

A normality and homogeneity test of the data revealed non-normal and non-

homogeneous distributions. Consequently, a non-parametric Kruskal-Wallis test yielded a 

statistic of 9.272 with a degree of freedom (df) of 2 and an Asymptotic Significance (Sig.) 

of 0.010. Since p < 0.05, these results indicate significant differences in literacy test scores 

among students based on their character levels (low, moderate, high). Studies by Sukmawati 

et al. (2023) showed that Project-Based Learning integrated with STEAM fosters 21st-

century skills development, including communication, science literacy, critical thinking, 

creative thinking, and scientific processing skills. Similarly, Indahwati et al. (2023) found 

that STEAM-based PjBL effectively enhances students' critical thinking skills. This aligns 

with the present study, which suggests that PjBL-STEAM improves students’ mathematical 

abilities. 

The STEAM approach based on Project-Based Learning (PjBL) was implemented 

by involving students in interdisciplinary projects that integrated science, technology, 

engineering, arts, and mathematics to solve real-world problems. These collaborative 

activities significantly enhanced students' mathematical literacy. This improvement occurred 

as students were trained to connect abstract concepts with practical situations, comprehend 

the applications of mathematics in daily life, and develop their communication and 

collaboration skills. 
 

3.1.3. Student Character Survey Results 

The results of the character survey, which comprised 30 statements across four 

indicators, demonstrate a significant enhancement in student character development 

facilitated by the STEAM-based Project-Based Learning (PjBL) approach. Table 2 

highlights the substantial differences in mean scores between students exposed to 

conventional methods and those engaged with STEAM-PjBL across varying levels of 

character strength. 

Table 2. Student character survey results 

Method Character Group Mean Std. Deviation 

Conventional Method Weak 66.88    3.68 

Moderate 75.38    1.30 

Strong 81.38    5.76 

Total 
 

74.54    7.19 
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Method Character Group Mean Std. Deviation 

STEAM-Based Materials (PjBL) Weak    97.38    6.76 

Moderate 111.00    1.77 

Strong 120.88    3.21 

Total  109.75 10.72 

 

The data indicate that the STEAM-PjBL method significantly outperformed the 

conventional approach across all character groups. Specifically, students in the weak 

character category under STEAM-PjBL exhibited a remarkable increase, achieving a mean 

score of 97.38 compared to 66.88 under the conventional approach. Similarly, those in the 

moderate and strong character categories scored substantially higher under the STEAM-

PjBL model, with mean scores of 111.00 and 120.88, respectively, as opposed to 75.38 and 

81.38 with traditional methods. This consistent improvement across character levels 

suggests that the STEAM-PjBL method effectively nurtures character development more 

broadly than conventional pedagogical methods. 

To substantiate the statistical relevance of these findings, a two-way ANOVA was 

conducted. The analysis confirmed that the STEAM-PjBL approach significantly influenced 

character development (F(5,42) = 200.168, p < 0.001), with an R² value of 0.960, indicating 

that the model explained 96% of the variance in character development outcomes. The high 

effect size (Partial Eta Squared = 0.952) for the learning method variable underscores the 

substantial impact of the STEAM-PjBL method on character development, independent of 

initial character strength levels. Furthermore, the interaction between instructional method 

and character category (F(2,42) = 4.545, p = 0.016, Partial Eta Squared = 0.178) suggests 

that the effectiveness of STEAM-PjBL is particularly pronounced among students with 

differing initial character traits. These results validate the hypothesis that the STEAM-PjBL 

model not only fosters cognitive development but also has a significant positive impact on 

the cultivation of student character, enhancing traits such as collaboration, resilience, and 

adaptability across diverse character strengths. 

Each stage in the STEAM-PjBL learning process was designed to support the 

development of students' character according to relevant indicators as follows: 1) In the 

project planning stage, students were encouraged to identify real-world problems and design 

solutions using the STEAM approach, which developed skills in collaboration, 

responsibility, and initiative; 2) In the investigation and exploration stage, students engaged 

in in-depth research to understand the context of the problem, gather data, and explore 

STEAM concepts, thus sharpening their curiosity, critical thinking, and work ethic; 3) 

During the project implementation stage, students applied STEAM concepts in creating 

tangible products or solutions, which reinforced their resilience, creativity, and discipline; 

4) The presentation and reflection stage provided students with the opportunity to present 

their project outcomes and reflect on the process they had undergone, thereby developing 

communication skills, empathy, and appreciation for team contributions; 5) In the evaluation 

stage, both teachers and students evaluated the success of the project based on predetermined 
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indicators, strengthening values such as honesty, openness to feedback, and lifelong 

learning. 
 

3.1.4. Student Observations 

The observation measured cooperation, expressing opinions, and answering 

questions, with most students rated as "Good" (average score 84.3). Students showed 

excellent involvement, particularly in cooperation (average 86.00), followed by expressing 

opinions (average 84.13) and answering questions (average 82.88). The observation analysis 

provides a nuanced view of student engagement, particularly in cooperative learning, 

opinion expression, and responsiveness to questions. Across these dimensions, students 

demonstrated a high level of involvement, with an overall average score of 84.3, categorized 

as "Good." The data revealed particularly strong performance in cooperative learning, with 

an average score of 86.00, indicating that students were highly effective in collaborative 

settings. This is followed closely by the aspect of expressing opinions, with an average score 

of 84.13, suggesting a robust engagement in articulating thoughts and participating actively 

in discussions. The dimension of answering questions also exhibited positive outcomes, with 

an average score of 82.88, underscoring students' willingness to engage with instructional 

content and interactively respond during learning activities. 

These findings collectively indicate that the instructional environment fostered by 

the STEAM-based Project-Based Learning (PjBL) approach is conducive to active and 

cooperative engagement, where students not only collaborated effectively but also felt 

encouraged to contribute personal insights and respond thoughtfully to instructional 

prompts. This level of engagement aligns with the educational aims of PjBL, which 

emphasizes collaboration and active participation as fundamental components of the 

learning process. The data thereby supports the argument that the PjBL framework within 

STEAM education enhances essential soft skills such as teamwork, self-expression, and 

interactive responsiveness, which are critical to comprehensive educational outcomes. 

Observations assessed collaboration, expressing opinions, and answering questions, with an 

overall average score of 84.3 ("Good" category). Most students performed well, with only 

one student in the "Sufficient" category (score of 70). No students were in the "Poor" or 

"Very Poor" categories, indicating a generally positive class performance. 

The STEAM-PjBL learning approach demonstrated high student engagement in 

cooperation, expressing opinions, and answering questions. Students exhibited excellent 

performance in collaborating, actively participating in discussions, and responding well to 

questions. These findings indicated that the PjBL approach supported active and 

collaborative involvement, encouraging students to contribute personal insights and interact 

constructively during learning. This suggests that the STEAM-PjBL was effective in 

developing students' collaboration, self-expression, and responsiveness skills. 
 

3.1.5. Interview Results 

The interview results reveal key insights into students' perceptions of mathematics 

and their experiences with the STEAM-based Project-Based Learning (PjBL) approach. The 

findings indicate that many students perceive mathematics as a challenging and unengaging 
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subject, often characterized by its complexity and lack of real-world relevance. This 

sentiment underscores a critical need for more creative and contextualized instructional 

approaches that can demystify mathematical concepts and make them more accessible and 

relevant to students’ lives. The interview responses also highlight a predominant reliance on 

traditional learning materials, such as textbooks and worksheets, which students generally 

regarded as insufficiently interactive. This reliance on conventional resources appears to 

contribute to the negative perceptions of mathematics, as these materials may not adequately 

stimulate student interest or encourage active engagement with the subject matter. 

In contrast, students expressed a strong preference for the STEAM-PjBL approach, 

citing its interdisciplinary nature and its ability to link mathematical concepts with real-

world applications. This preference suggests that STEAM-PjBL not only makes 

mathematics more relatable but also enhances its perceived value by illustrating how 

mathematical principles underpin various aspects of daily life and broader scientific and 

technological contexts. Students reported that the hands-on, project-based elements of 

STEAM-PjBL fostered higher levels of engagement and were instrumental in developing 

essential skills such as confidence, communication, and collaboration. These findings align 

with existing literature, which emphasizes the role of experiential learning in promoting 

deeper understanding and sustained interest in STEM fields.  

The data thus suggest that the STEAM-PjBL framework effectively addresses both 

cognitive and affective barriers to learning mathematics. By providing an interactive, 

context-rich learning environment, this approach not only improves mathematical 

comprehension but also cultivates essential interpersonal skills, ultimately contributing to a 

more holistic educational experience. These outcomes underscore the potential of STEAM-

PjBL to transform student perceptions of mathematics and highlight its value as a 

pedagogical model capable of fostering both academic and personal growth. 
 

3.2. Discussion 

The design of STEAM-based learning enables students to engage interactively 

through problem-based projects (PjBL). For instance, a project involving the creation of a 

toy car from recycled materials incorporates concepts of ratio and proportion, facilitating 

practical application and deepening students' understanding of mathematics. Additionally, 

the integration of arts and technology in this learning approach underscores the importance 

of creativity and aesthetics at every stage of project design and development. Bertrand and 

Namukasa (2020) assert that STEAM education fosters a learning environment centered on 

sustainability and collaboration, encouraging students to engage in real-world tasks requiring 

critical thinking and teamwork. 

This approach also highlights the crucial role of technology in fostering creativity. 

In the toy car project, students can use graphic design applications or simulation software to 

visualize the final product, introducing them to technological tools while teaching them to 

think visually and artistically. Aguilera and Ortiz-Revilla (2021) emphasize that the arts 

within STEAM help students link abstract concepts to real-world applications, enhancing 

their engagement with mathematical learning. 
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Students' mathematical literacy improves significantly with STEAM-based methods 

compared to conventional approaches. Through hands-on projects like toy car creation, 

students could apply ratio and proportion concepts in real-life contexts, making mathematics 

more relevant and accessible, thereby reducing perceptions of it as an abstract and 

challenging subject. The findings of Ishartono et al. (2024) indicate that the STEAM-

integrated Flip Flop model significantly enhances students' understanding of the concept of 

composition functions compared to the conventional model. STEAM enhances creative 

thinking abilities, including fluency, flexibility, originality, and elaboration (Ahmad et al., 

2021; Chang et al., 2023; Suganda et al., 2021; Witdiya et al., 2023). STEAM-based learning 

was able to enhance students' creative thinking skills, particularly when integrated with 

environmental concepts (Suganda et al., 2021). Using STEAM education in learning 

positively impacts students' creative thinking abilities, leading to a significant average 

increase in learning outcomes (Ahmad et al., 2021). Integrating STEAM into project-based 

learning significantly improves students' creativity and computational thinking skills in 

medium and hard tasks compared to regular curriculum (Chang et al., 2023). STEAM 

learning has a very favorable effect on students' creative thinking abilities in physics 

learning, with elaboration and originality indicators showing the highest improvement 

(Witdiya et al., 2023).  

STEAM significantly impacting students' critical thinking skills (Kadir et al., 2023; 

Putri et al., 2023). The STEAM-based discovery learning model positively impacts students' 

critical thinking skills, enhancing their learning experience in school (Kadir et al., 2023). 

STEAM-based blended learning effectively improves students' critical and creative thinking 

skills, with higher improvements in experimental classes compared to control classes (Putri 

et al., 2023). STEAM also improves mathematical reasoning abilities (Duo-Terron et al., 

2022; Siregar et al., 2023). Implementing an integrated STEAM Project via mobile 

technology significantly improves elementary school students' Mathematical Reasoning 

ability (Siregar et al., 2023). STEAM in primary education improves linguistic and 

mathematical competencies, particularly in speaking, oral comprehension, and calculation, 

with a positive correlation between reading comprehension and problem-solving (Duo-

Terron et al., 2022). Students' behavior in mathematical problem-solving can be categorized 

into naive, routine, semi-sophisticated, and sophisticated behaviors, with some being able to 

direct to sophisticated behavior (Harisman et al., 2021). 

Beyond cognitive skills, STEAM is also effective in character development. 

Collaborative activities that require teamwork help students appreciate the value of 

cooperation and effective communication. For example, in the toy car project, students must 

communicate with team members to achieve optimal results while learning to respect diverse 

ideas and opinions. Wahba et al. (2022) emphasize that STEAM-based projects offer 

opportunities for students to enhance their metacognitive awareness in mathematics. 

Furthermore, the coordinated and transversal use of STEAM improves students’ linguistic 

and mathematical competencies, particularly in speaking, listening comprehension, and 

calculation (Duo-Terron et al., 2022). STEAM also boosts students' project skills and 

learning motivation (Lin & Tsai, 2021). 
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STEAM has proven more effective than conventional methods in enhancing 

mathematical literacy and character development. This approach allows students to practice 

learned concepts in real-life situations, moving beyond theoretical or written exercises. 

Aguilera and Ortiz-Revilla (2021) indicate that implementing STEAM in education 

enhances mathematical understanding while fostering creativity and innovation. Students 

using digital STEAM learning show better learning performance and lower cognitive load 

compared to conventional methods (Chen & Huang, 2023). By presenting real-world 

challenges, students are motivated to think critically and creatively to find solutions. 

From a character development perspective, STEAM emphasizes values such as 

collaboration, perseverance, and responsibility. Students working in teams learn to 

appreciate differences and work together towards shared goals. These findings align with 

theories suggesting that collaborative learning experiences help develop students' social and 

emotional skills, which are essential for success in both professional and personal lives. Li 

et al. (2022) state that the STEAM learning model facilitates meaningful integration of 

disciplines and independence in learning. STEAM training programs for teachers improve 

collaboration, pedagogy, and arts integration practices among educators (Boice et al., 2021). 

STEAM at the elementary level can develop basic technical and scientific competencies, 

such as problem-solving, applying creative ideas, and taking responsibility (Dostál et al., 

2022). 

In summary, this study demonstrates that integrating STEAM into educational 

curricula significantly benefits students' mathematical literacy and character development. 

This approach not only enhances cognitive competencies but also helps students develop 

interpersonal skills and a sense of social responsibility. STEAM creates a more dynamic and 

interactive learning environment, motivating students to engage more deeply in the learning 

process (Hsiao & Su, 2021; Jesionkowska et al., 2020). The integration of arts and 

technology in mathematics learning makes abstract concepts more accessible and relevant 

to everyday life, ultimately improving learning outcomes and student engagement (Cai, 

2023; Chen & Huang, 2023). 

These findings highlight the importance of adopting the STEAM approach in modern 

education. In addition to improving academic outcomes, STEAM facilitates the development 

of essential social skills and character needed to tackle global challenges (Başaran & Bay, 

2023; Conradty & Bogner, 2020). Schools and teachers are thus encouraged to integrate 

STEAM more actively into the curriculum and create project-based learning experiences 

relevant to real life. In this way, students evolve not only as intellectually competent 

individuals but also as creative, collaborative, and responsible individuals. 
 

4. CONCLUSION 

The STEAM-based learning design on ratio topics integrates the concepts of science, 

technology, engineering, arts, and mathematics in a project to create toy cars from recycled 

materials. From the science aspect, students learn the fundamentals of physics related to 

force, motion, and the energy required to move the car, as well as evaluating material 

properties like the strength and flexibility of repurposed materials. In the technology and arts 

components, students utilize graphic or simulation applications to design and visualize the 
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car’s structure, combining both aesthetic and functional aspects. The engineering process 

emphasizes construction steps, from material collection to assembly, highlighting 

sustainability. In mathematics, students apply direct and inverse proportions, evaluate 

material efficiency ratios, and analyze cost comparisons in car design. 

Students' mathematical literacy significantly improved after participating in 

STEAM-based learning. Through project activities, they could apply mathematical theories 

in practical tasks, such as calculating material proportions and measuring design efficiency. 

Additionally, STEAM fosters the development of students' character traits, including 

teamwork, communication, and responsibility. Thus, STEAM not only enhances academic 

skills but also shapes the character and motivation essential for success in education and 

everyday life. 

STEAM-based learning has proven effective in enhancing students' mathematical 

literacy and character development. By integrating diverse disciplines and collaborative 

approaches, this method strengthens mathematical understanding while building social skills 

such as communication, cooperation, and perseverance. Students become more actively 

engaged in the learning process, finding real-life relevance in mathematics, and experiencing 

positive character growth across all categories. Furthermore, there is a positive correlation 

between character and cognitive skills, indicating mutual reinforcement between these 

aspects. The long-term impact is that students become more adaptive and prepared to face 

future challenges, whether in higher education or professional life. 
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