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Abstract 
The global education system, especially in Indonesia, needs help to enhance students 
problem-solving skills, a key aspect of SDG 4: Quality Education. Traditional teaching 
methods have proven inadequate in developing students' problem-solving in complex 
science topics like the circulatory system, highlighting the need for more effective, 
innovative solutions. This study aimed to analyze the effectiveness of STEAM-based e-
modules in enhancing problem-solving skills among fifth-grade students and to assess 
the contribution of STEAM-based e-modules to achieving the Sustainable Development 
Goals (SDGs) within the context of primary education. This research employed an 
experimental design, specifically a True Experimental design with a Pretest-Posttest 
Control Group Design. The experimental group used STEAM-based e-modules installed 
on their devices as learning materials, while the control group used printed textbooks. 
One hundred two fifth-grade students participated, and the study was conducted at 
Supriyadi Elementary School in Semarang. The results indicated that students who used 
the STEAM-based e-modules showed significant improvement in all problem-solving 
indicators, with an overall increase of 0.68, which falls within the “medium” range but 
approaching a “high” criterion. In contrast, students who used printed textbooks also 
showed improvement, but their increase was only 0.28, which falls within the “low” 
range. Using STEAM-based e-modules significantly contributes to achieving Sustainable 
Development Goal 4 by enhancing students problem-solving skills and providing an 
inclusive and equitable approach to quality education in primary schools. In conclusion, 
using STEAM-based e-modules supported sustainable learning by enhancing students 
problem-solving abilities and contributing to quality education in primary schools. 
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Introduction 
Global education faces significant challenges as societies evolve towards Society 5.0, an 

era with digital technology and artificial intelligence (AI) becoming integral parts of daily 

life [1]. In contrast to the Industrial Revolution 4.0, which focused on automation and 

digitalization [2], Society 5.0 prioritizes using technology to enhance the quality of life, 

fostering inclusive, innovative, and sustainable societies [3]. In this context, education 

is focused on mastery of knowledge [4] and developing critical competencies necessary 

to address complex educational issues and challenges [5]. The capacity to solve 

problems effectively is crucial [6], as it determines the ability of individuals to adapt to 

a rapidly changing and uncertain global environment [7]. 

Problem-solving competency aligns with broader global objectives, specifically the 

Sustainable Development Goals (SDGs), particularly SDG 4: Quality Education [8]. SDG 4 

emphasizes the importance of providing inclusive, equitable, and quality education for 

all, aiming to enhance 21st-century skills required to compete in an increasingly digital 

and globalized world [9]. As one of the keys 21st-century skills, problem-solving must be 

an integral part of the elementary education curriculum [10]. It is crucial, given that 

future challenges in the workforce and daily life will necessitate the ability to think 

critically and creatively and solve unexpected problems [11]. Therefore, developing 

problem-solving competencies from an early age at the elementary school level 

becomes a primary priority in supporting the achievement of SDG 4 in Indonesia [12]. 

Despite a strong commitment to achieving SDG 4 by 2030 in Indonesia, the reality 

reveals a significant educational quality gap, particularly at the elementary school level 

[13]. Research conducted by the Ministry of Education and Culture (2023) indicates that 

problem-solving competencies among Indonesian elementary school students still need 

to improve. Furthermore, according to the Program for International Student 

Assessment (PISA) report by the OECD in 2018, Indonesia was ranked relatively low in 

science literacy and problem-solving skills [14]. These results reflect that many 

Indonesian students, especially at the elementary level, have yet to master fundamental 

critical thinking and problem-solving skills for facing global challenges [15]. 

Competency assessment results at Supriyadi Elementary School in Semarang indicate 

that most fifth-grade students need help solving problems that require analytical 

thinking and creative solutions. These findings emerged from pre-research interviews 

with fifth-grade teachers. Furthermore, teachers revealed that the problem-solving 

competencies of fifth-grade students still need to be considered satisfactory. Teachers 

reported that students need help understanding and applying the concept of human 

blood circulation, a complex subject that demands high analytical and critical thinking 

abilities. The situation highlights a gap between existing teaching practices at the school 

and the problem-solving competencies that should be achieved according to national 

and international standards. It also reflects broader challenges in Indonesia, where 

traditional teaching methods remain dominant [16] and are less effective in developing 

problem-solving competencies [17]. 
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In response to the challenges related to the inefficacy of traditional teaching methods, 

using digital technology in education emerges as a highly relevant and urgent solution 

[18]. Digital technologies, particularly interactive e-learning platforms, can provide more 

engaging and contextualized learning approaches [19]. One effective strategy is using 

STEAM-based e-modules (Science, Technology, Engineering, Arts, and Mathematics) 

[20]. STEAM, an interdisciplinary educational framework that combines multiple 

disciplines, aims to enrich students' knowledge [21] and develop essential competencies 

such as creativity, critical thinking, and problem-solving [22]. STEAM-based e-modules 

developed and validated by experts offer innovative solutions to address the 

complexity of human blood circulation in a more interactive and applicative manner 

[23]. 

Despite various efforts to enhance the quality of science education in Indonesia, a gap 

exists between current teaching practices and the competencies required in the 21st 

century [24]. Previous research by Triwahyuningtyas, Ningtyas and Rahayu [25], 

indicates that traditional teaching methods remain dominant in many Indonesian 

elementary schools, which are less effective in developing students' problem-solving 

competencies. Additionally,  [26] identified that integrating STEAM into science 

education can improve students' critical and creative thinking abilities; however, its 

implementation still needs to be improved across different regions of Indonesia [27]. 

The need for innovative solutions, such as using STEAM-based e-modules, has become 

increasingly urgent [28]. The e-module is designed explicitly for human blood 

circulation, developed and validated by experts, and undergoing practicality testing. 

STEAM-based e-modules are expected to provide a more interactive and contextualized 

learning approach, enhancing fifth-grade students' understanding and problem-solving 

competencies [29] at Supriyadi Elementary School in Semarang. Such an innovative 

solution is relevant for addressing issues at that particular school [30] and can serve as 

a model for other schools in Indonesia in efforts to achieve SDG 4. 

The urgency of the present research is heightened by the fact that problem-solving 

competency is essential for students to navigate the complex challenges of the Society 

5.0 era [10]. The development of this competency is fundamental to academic 

achievement, personal growth, and students' ability to adapt to the rapidly changing 

social and technological landscapes [31]. Furthermore, another aspect of its urgency is 

that this study directly supports the achievement of SDG 4 by focusing on enhancing the 

quality of education [32] through the development of relevant problem-solving abilities. 

Implementing digital technology in science education at the elementary level can serve 

as a replicable model for other schools to achieve quality education goals [21]. 

Furthermore, this research will provide an innovative solution to the complex subject 

matter, specifically human blood circulation, which requires an interactive and 

contextualized learning approach. Using STEAM-based e-modules offers a creative 

solution to improve students' understanding of the materials and develop their 

analytical and problem-solving abilities [33]. Additionally, more research is needed to 
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examine the effectiveness of STEAM-based e-modules in enhancing problem-solving 

competencies at the elementary school level in Indonesia [34]. This study will bridge 

that gap by providing empirical data and relevant contextual analysis, particularly at 

Supriyadi Elementary School in Semarang. 

Prior studies have highlighted the importance of integrating digital technology and the 

STEAM approach in science education [35]. Khikmiyah, Rusijono, and Arianto [27], in 

their research on STEAM integration in elementary schools, found that this approach 

significantly enhances students' critical and creative thinking skills. Utaminingsih [29] 

their study on implementing interactive e-modules in biology education demonstrated 

that these modules enhance students' conceptual understanding and capacity to apply 

knowledge effectively. 

In Indonesia, research by [36] indicates that STEAM integration remains limited and 

often poorly structured; its effectiveness in enhancing students' science competencies 

has yet to be maximized. Additionally, [37] emphasizes that traditional teaching 

methods are still dominant and less effective in developing students' problem-solving 

competencies. Seruni [19] also indicates that the use of digital technology in science 

education at Indonesian elementary schools still needs various obstacles, such as a lack 

of teacher training and limitations in technological infrastructure. This study will 

complement existing literature by explicitly examining the effectiveness of STEAM-

based e-modules in enhancing the. problem-solving competencies of fifth-grade 

students at Supriyadi Elementary School in Semarang. Thus, this research contributes to 

theoretical development and provides practical solutions that can be implemented in 

the Indonesian elementary education environment. 

The study aimed to analyze whether the STEAM-based e-modules learning process could 

improve fifth-grade students' problem-solving abilities at Supriyadi Elementary School, 

Semarang. The findings of this research are poised to offer a significant contribution to 

elementary education in Indonesia, particularly in advancing students' problem-solving 

competencies through the application of digital technology. The findings of this study 

serve as a reference for designing and developing more effective e-learning platforms 

for science education and enhancing problem-solving abilities. Additionally, this 

research will support the achievement of SDG 4 in Indonesia, which emphasizes the 

importance of quality and inclusive education. Consequently, this study will benefit not 

only Supriyadi Elementary School in Semarang but also other elementary schools in 

Indonesia that are facing similar challenges. 

Method 

Design Research 
This study uses an experimental type of research with a True experimental design type, 

i.e., Pretest-Posttest Control Group Design. This research has been conducted in 

Semarang City at Supriyadi Elementary School, Semarang. The design of this study refers 
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to [38], has two groups selected with special considerations. In addition, two groups of 

samples, experimental and control, were homogeneous (had the same characteristics). 

The implementation begins with the provision of a pre-test with the same test in both 

groups, then different needs are given in each group; after learning, a post-test is given 

to analyze differences and improvements. 

Population and Sample 
The population in the study is class V of Supriyadi Elementary School Semarang. As for 

the sampling technique used, purposive sampling. The sample calculation technique 

uses the Slovin formula [39] where the calculation is presented in Eq.1. 

n = 
𝑁

𝑁.𝑒2+1
 ............................. (Eq.1) 

Description: N  as Number of Samples; N as Number of Populations; E as The desired 

critical value (error limit) is 8%. From the formula above, the following numbers are 

obtained: 

n = 
137

137.(0,05)2+1
  

n = 
137

137.0,0025+1
 

n = 
137

1,3425
 

n = 102 

Based on the calculation using the Slovin formula, a sample of 102 students was 

obtained.  

Data Collection Instruments 
Instruments for pre-test and post-test developed by Utaminingsih [40]. The problem-

solving question items to be used have gone through the validity stage which was 

assessed by four validators and declared valid. The results of the validity were analyzed 

using the v-Aiken formula and a final value of 0.92 was obtained. In addition to the 

analysis using the v-Aiken formula, the validation results of the experts were also 

assessed based on the Kappa Statistical Coefficient. Content Validity Coefficient (CVI) 

was declared valid, and the validity status category was declared almost perfect. In 

addition, the analysis results using the Statistical Package for the Social Sciences (SPSS) 

25 were declared valid because each question item had a validity value above 0.355 with 

the number of test respondents as many as 31). Each question item was also tested by 

Cronbach's Alpha (α), which obtained a score of 0.712 and was declared reliable. The 

difficulty level of the question items is proportional 3: 4: 3, it means that the instrument 

is declared valid and suitable.  The purpose of the pre-test is to determine the student's 

initial state.  
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Learning Process  
The learning process is divided into 2 groups: an experimental group and a control 

group. The experimental group learns using e-modules installed on their students' 

gadgets while the control group learns using books.  The design of the Pretest-Posttest 

Control Group is presented in Table 1 in detail. 

Table 1. Pretest-Posttest Control Group Design 
Group Pre-test Treatment Post-test 

Experiment O1 X1 O2 
Control O3 X2 O4 

 

Description: 

X1 :  Giving treatment (X1), i.e., the provision of material with e-modules STEAM-based 

against research samples 

X2 :  Giving treatment (X2), i.e., the provision of material with textbooks against the 

research sample 

O1 :  Measuring the competence of science literacy and the character of Pancasila class 

students Experiments before treatment (given pre-test) 

O2 :  Re-measure science literacy competence and student character Pancasila 

experimental class after treatment (given post-test) 

O3 :  Measuring the competence of science literacy and the character of Pancasila class 

students control before treatment (given pre-test) 

O4:  Re-measure science literacy competence and student character Pancasila control 

class after treatment (administered post-test) 

 
Figure 1. Cover of PRISMA E-Module 

The e-module used in this study is a STEAM-based e-module developed by Utaminingsih 

[40], namely the Prisma E-Module. This E-Module has been tested for validity by experts 

from several aspects of assessment, including content, construction, and language. 

Four experts validated every aspect of the assessment. The results of the content 
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validity of the Prisma e-module have a validity value of 0.96 from the content aspect, a 

validity value of 0.94 from the construction aspect, and a validity value of 0.93 from the 

language aspect. The overall score of the e-aspect of the e-module is 0.94, in other 

words it meets the valid criteria and is suitable for use as a teaching resource for the 

experimental class. The Prism E-Module used, the cover of which is presented in Figure 

1. 

The e-module was given six meetings. The implementation aimed to study the problem-

solving indicators that students must master in each meeting. A list of activities for each 

meeting is illustrated in Table 2.  

Table 2. List of Activities for Each Meeting 

Meeting Problem-Solving Indicator Topics and Activities 

I Observe and evaluate situations to define 
problems. 
Frame questions, make predictions, and 
design data collection and analysis strategies.  
 

Blood circulation 
Blood circulation system 
Differences between Arteries and Veins 
Playing Video 1 and 2 (Human Blood 
Circulation System) 

II Frame questions, make predictions, and 
design data collection and analysis strategies.  
Identify and analyze the data or information's 
patterns, trends, and relationships. 

Heart 
Heart Section, Size And Location 
Heart Function 
Video Playback 3 (Heart) and 4 (Heart and 
Circulatory) 

III Identify and analyze the data or information's 
patterns, trends, and relationships.  
Based on analysis of the data or information, 
generate options and use evidence to build a 
case for the best response 

Heart 
Heart Disease and How to Keep Your Heart 
Healthy 
Video Playback 4 (How to Maintain 
Circulatory Organs) and Video 5 (How to 
Keep Your Heart Healthy) 

IV Identify opportunities for innovation and 
collaboration. 
Evaluate the available tools, including 
technology, and select one to address the 
problem.  

Technology for the heart 
Vein 

V Identify opportunities for innovation and 
collaboration. 
Persist in solving challenging problems, 
adapting strategies and approaches as 
needed. 

Lung  
Video Playback 6 
Creating Mind-Mapping 

VI All indicators of problem-solving Reviewing All Materials, Playing all videos 
and Practice Questions 

 

The control and experiment groups were administered a post-test following the 

learning process. The purpose of providing a post-test was to analyze the influence of 

the e-module on improving the ability to solve problems in both groups in the context 

of learning human circulation. Differences in post-test results in both groups were 

compared and between pre-test and post-test results in each group. 
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T-Test Analysis  
The analysis test was carried out with the help of the SPPS 25 Program. The Independent 

Sample t-test was conducted to determine the significant difference between the post-

test results in the experimental and control groups. A considerable difference can be 

seen in the value of Sig. (2-tail) provided that if the value of Sig. (2-tail) is <0.05, then H0 

(no effect on the use of e-modules) is rejected, and Ha (there is an effect of the use of e-

modules) is accepted. 

Improvement Analysis 
The next stage is carried out with the N-Gain test to determine the increased value of 

each indicator studied. In addition to knowing the improvement of each indicator, it is 

also used to analyze the difference in improvement from the experimental and control 

groups. N-Gain Equation Wahab et al. [41] used in Equation 2.  

N − Gain =
Tpos − Tpre

Tmaks − Tpre
................. (Eq.2) 

Description: Tpos as average posttest score; Tpre as Pre-test average score; Tmax as Ideal 

maximum score. The N-Gain score obtained by the equation can be analyzed for 

categories using the gain score interpretation table presented in Table 3. 

Table 3. N-Gain Score Categories 〈𝐠〉 

Value 〈𝐠〉 Category 
〈g〉 > 0.7 High 

0.3 ≤ ≤ 0.7〈g〉 Medium 
〈g〉 < 0.3 Low 

Results 

Normality Test Results 
Normality tests analyzed the data of the students' pre-test and post-test results to 

determine whether the data results were normally distributed or not. The results of the 

normality test of the pretest-posttest of problem-solving ability are presented in Table 

4. 

Table 4.  Results of Problem-solving Normality Test (Shapiro-Wilk) 

Class df Sig. (2-tailed) 

Pre-test Experiment 53 0.862 
Post-test Experiment 53 0.522 

Pre-test Control 49 0.10 
Post-test Control 49 0.263 

 

Table 4 demonstrated that the data were normally distributed, as the Sig. (2-tailed) for 

all groups exceeded 0.05, thereby permitting the application of parametric statistical 

analysis. Subsequently, a hypothesis test was conducted using an Independent Sample 

t-test to determine the differences in enhancing problem-solving competence in the 

experimental and control groups. The Independent Sample t-test yielded obtained a Sig. 
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(2-tailed) value of 0.000, leading to the rejection of the null H0, and the acceptance of 

the Ha. These findings indicate a statistically significant difference in the average score 

between the experimental class and the control groups. Thus, it was concluded that 

using the Prisma e-module in the experimental class had a significant effect, supporting 

the improvement of students' problem-solving competence.  

Implementation in the Experimental Group 
The experimental group was given a pretest before being given material using e-

modules. During six meetings, students learned the topic of human blood circulation 

using the Prisma e-module. The posttest was conducted after students finished learning 

using the Prisma e-module. Complete data on the pretest-posttest results and the 

problem-solving N-Gain test is presented in Table 5 and Figure 2. 

Table 5. Results of Score Acquisition and Improvement of Problem-Solving Ability 

 
Indicator of Problem-Solving 

Value 
 Pretest Posttest 

A Observe and evaluate situations to define problems. 43 83 
B Frame questions, make predictions, and design data collection and 

analysis strategies. 47 87 
C Identify and analyze the data or information's patterns, trends, and 

relationships.  45 79 
D Based on the data or information analysis, options are generated, and 

evidence is used to build a case for the best response.  46 80 
E Identify opportunities for innovation and collaboration.  29 81 
F Evaluate the available tools, including technology, and select one to 

address the problem. 38 82 
G Persist in solving challenging problems and adapting strategies and 

approaches as needed. 24 72 

 

 
Figure 2. N-Gain Problem-Solving Ability of Experimental Group (A: Observe and evaluate situations, B: 

Frame questions, make predictions, and design data, C: Identify and analyze patterns, trends, and 
relationships, D: Analysis of the data, generate options and use evidence, E: Identify opportunities for 

innovation and collaboration, F: Evaluate the available tools, including technology and address the 
problem, G: Persist in solving challenging problems and adapting strategies) 

Table 5 and Figure 2 demonstrated an increase in score acquisition from the pretest to 

the posttest in all indicators. Although not all indicators of problem-solving ability have 

improved in the "high" criterion, four out of seven indicators had enhanced with the 

"high" criterion. These criteria were in criteria A, B, E, and F. Overall, the increase in 

student scores based on calculations using the N-Gain formula in the experimental 
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group was 0.68. Although it had not yet met the "high" criterion, this value was close to 

the "high" criterion, although it is still at the "medium" level, which is less than a value 

of 0.02 to reach the "high" criterion. The results indicated that the Prisma e-module 

could improve fifth-grade students' problem-solving ability at Supriyadi Elementary 

School Semarang.  

Implementation in the Control Group 
Teaching and learning activities in the control group were conducted four times. The 

researcher facilitated the knowledge transfer process using the Bupena Book. Similar to 

the experimental group, students were given a pretest before starting learning and then 

a posttest to assess the extent of improvement in their problem-solving abilities made 

before and after being given material using the Bupena textbook. The results of the 

pretest and posttest and the improvement in the problem-solving competence of the 

control group are presented in Table 6 and Figure 3. 

Table 6. Value Each Indicator from the Control Group 

Indicator of Problem-Solving 
Value 

Pretest Posttest 

A Observe and evaluate situations to define problems. 43 58 
B Frame questions, make predictions, and design data collection and analysis 

strategies. 
47 61 

C Identify and analyze the data or information's patterns, trends, and 
relationships.  

45 63 

D Based on the data or information analysis, options are generated, and 
evidence is used to build a case for the best response.  

35 54 

 Identify opportunities for innovation and collaboration.  40 61 
F Evaluate the available tools, including technology, and select one to address 

the problem. 
38 53 

G Persist in solving challenging problems and adapting strategies and 
approaches as needed. 

25 43 

 

 
Figure 3. N-Gain Problem-Solving Ability of Control Group (A: Observe and evaluate situations, B: Frame 

questions, make predictions, and design data, C: Identify and analyze patterns, trends, and 
relationships, D: Analysis of the data, generate options and use evidence, E: Identify opportunities for 

innovation and collaboration, F: Evaluate the available tools, including technology and address the 
problem, G: Persist in solving challenging problems and adapting strategies) 

Based on Table 6 and Figure 3, it could be concluded that there was an increase in 

problem-solving ability in human circulatory learning within the "Bupena" textbook in 
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the control group. However, the increase was not statistically significant, amounting to 

only 0.28, with the "low" range. The increase was relatively modest compared to the 

increase in the experimental group. 

Differences Between Experimental Group and Control Group 
The learning process utilizing the Prisma e-module, compared to the textbooks used by 

the school, produced distinct outcomes in problem-solving performance. These 

differences were evident from the accumulation of test results of the students' 

problem-solving tests in Table 5 and Table 6. A more notable distinction was observed 

in the N-Gain values of the experimental and control groups, illustrated in Figure 4. 

 
Figure 4. N-Gain Difference in Problem-solving Score (A: Observe and evaluate situations, B: Frame 

questions, make predictions, and design data, C: Identify and analyze patterns, trends, and 
relationships, D: Analysis of the data, generate options and use evidence, E: Identify opportunities for 

innovation and collaboration, F: Evaluate the available tools, including technology and address the 
problem, G: Persist in solving challenging problems and adapting strategies) 

The significant difference in the achievement of problem-solving skills between the two 

groups indicated that the students in the experimental group could answer the 

questions given accurately and clearly. In contrast, the control group had not mastered 

the problem-solving ability. The results also demonstrated that the Prisma e-module 

positively enhanced problem-solving skills, making it effective and efficient for learning.  

Discussion 

Enhancement of Problem-Solving Ability Through STEAM-Based-E-Modul  

Implementing STEAM-based e-modules significantly enhanced students' problem-

solving abilities compared to traditional teaching methods using printed textbooks. An 

N-Gain value of 0.68 was observed in the experimental group, categorized as high, 

whereas the control group achieved a value of 0.28, classified as low. Such outcomes 

underscored the effectiveness of integrating educational technology to strengthen 21st-

century competencies, particularly in complex subjects such as the human circulatory 

system. 

The findings align with [28] research demonstrated that the STEAM approach 

effectively enhanced students' critical reasoning skills. The incorporation of artistic and 
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technological elements within STEAM facilitated the development of innovative 

solutions to problems, as evidenced by the increased problem-solving scores in the 

experimental group. Additionally, [42] affirmed that interactive digital modules 

deepened students' conceptual understanding and improved their ability to apply 

scientific knowledge in real-world contexts. Zakarsih [35] findings further supported 

these results, revealing that traditional teaching methods, although still predominant in 

Indonesia, were less effective in enhancing student competencies than technology-

based methods. 

A significant difference between the experimental and control groups indicated that the 

PRISMA e-module possessed distinct advantages, overcoming the limitations inherent 

in traditional methods. Such evidence supported Suprihati [43] assertion that 

educational technology can address geographical and resource constraints frequently 

faced by schools in Indonesia. Consequently, the present study reinforced previous 

findings and contributed additional empirical evidence regarding the effectiveness of 

STEAM-based e-modules in primary science education. 

Theoretically, the study reinforced the STEAM-based learning model as an 

interdisciplinary approach integrating technology, arts, and sciences [44]. This 

perspective is aligned with the constructivist theories proposed by Piaget and Vygotsky, 

emphasizing the importance of active student interaction with the learning 

environment to construct knowledge [45,46]. The PRISMA e-module, characterized by 

its interactive and multimodal nature, supported this constructivist process by providing 

various resources accessible to students independently and collaboratively. 

In practical terms, the results demonstrated that using the PRISMA e-module enabled 

teachers to implement more dynamic and adaptive teaching methods. Educators were 

able to tailor learning materials to meet students' diverse needs and abilities, facilitating 

more practical discussions and collaborations [47]. Furthermore, the e-module 

supported the development of 21st-century competencies, such as problem-solving, 

creativity, and critical thinking skills, which were increasingly vital in addressing global 

challenges in the digital era [24]. 

Significant improvements in indicators such as "identifying opportunities for innovation 

and collaboration" and "evaluating available tools to solve problems" suggested that 

the PRISMA e-module effectively encouraged students to engage in creative and critical 

thinking. This observation was consistent with [48,49] findings indicated that 

educational technology could enhance student engagement and motivation in the 

learning process. However, specific indicators, such as "adapting strategies to solve 

challenging problems," exhibited lower values [50]. The discrepancy may have been 

attributed to students' limited experience using technology as a learning tool [51], 

highlighting the need for further training for both teachers and students [52]. 

Persistent challenges related to technology accessibility in certain regions were 

revealed despite the effectiveness of the PRISMA e-module in enhancing problem-
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solving skills. Such findings align with [53], which identified the digital divide as a 

significant barrier to implementing educational technology in various parts of Indonesia 

[8]. Therefore, efforts to improve technological infrastructure and provide 

comprehensive training for teachers were essential to maximize the potential of 

STEAM-based e-modules [44]. 

Relevance to SDG 4: Quality Education 
The integration of STEAM-based e-modules significantly contributed to the attainment 

of Sustainable Development Goal 4 (SDG 4), which aimed to ensure inclusive and 

equitable quality education and promote lifelong learning opportunities for all [54]. By 

implementing the PRISMA e-module, the study addressed several key targets of SDG 4, 

particularly those related to enhancing learning outcomes and fostering inclusive 

education. The interactive and multimodal nature of the e-modules facilitates 

personalized learning experiences, catering to diverse student needs and learning styles 

[55]. This approach improves academic performance and promotes equity by providing 

equal access to quality educational resources [56], irrespective of students' 

geographical and socio-economic backgrounds [57]. 

Furthermore, enhancing problem-solving skills through STEAM-based e-modules is 

aligned to develop critical thinking and creativity, essential competencies for the 21st 

century [58]. Enabling students in hands-on, experiential learning fostered a deeper 

understanding of complex scientific concepts, improving overall educational quality 

[59]. Additionally, technology in education addresses barriers to learning by offering 

flexible and scalable solutions [60], that can be adapted to various educational settings, 

thereby supporting lifelong learning [61]. 

The study's findings underscored the importance of teacher training and professional 

development in effectively using educational technology [62]. Equipping educators with 

the necessary skills to implement STEAM-based e-modules promoted sustainable 

educational practices that could be maintained and expanded over time [63]. 

Emphasizing capacity building proved crucial for achieving long-term educational 

improvements and ensuring that quality education remains accessible to all students 

[64]. 

Moreover, the research highlighted the role of educational technology in bridging the 

digital divide, a significant challenge in many regions [65]. Demonstrating the 

effectiveness of STEAM-based e-modules in enhancing learning outcomes provided 

evidence for policymakers to invest in technological infrastructure and resources [66]. 

Such investments were essential for creating an equitable educational environment 

where all students have the opportunity to succeed [67]. 

In conclusion, the implementation of STEAM-based e-modules not only advanced the 

specific educational objectives of the study but also made meaningful contributions to 

the broader goals of SDG 4 [68]. The research supported the global agenda of fostering 

lifelong learning and preparing students to thrive in an increasingly complex [9] and 
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interconnected world by promoting inclusive, equitable, and quality education through 

innovative technological solutions [8]. 

Practical Implications for Educators and Policymakers 
The study provided significant practical implications for educators and policymakers, 

particularly in enhancing educational quality through integrating technology [69]. For 

educators, the research emphasizes the importance of adopting STEAM-based learning 

models, specifically through e-modules, to foster deeper engagement and improve 

student problem-solving abilities [21]. Teachers were encouraged to embrace 

technology as a dynamic tool to enhance learning experiences, moving beyond 

traditional teaching methods that rely heavily on printed textbooks [27]. The results 

highlighted the need for educators to develop skills in creating and using interactive and 

multimodal learning resources that cater to diverse learning styles and abilities [70]. 

Moreover, the findings indicated that teachers required comprehensive professional 

development and training to integrate STEAM-based e-modules into their teaching 

practices effectively [71]. Such training should focus on the technical aspects of digital 

tools and the pedagogical strategies that enable effective implementation [70]. 

Professional development programs must equip teachers with the knowledge and skills 

to adapt instructional materials to meet students' varied needs and to foster a 

collaborative, inquiry-based learning environment [57]. This would enable teachers to 

facilitate better creative thinking, critical reasoning, and problem-solving skills key 

competencies for the 21st century through the strategic use of technology [72]. 

In addition to teacher training, the research underscored the significance of providing 

adequate resources and support for teachers to implement these innovative teaching 

methods [73]. For example, access to digital devices, stable internet connections, and 

user-friendly learning platforms are essential for implementing classroom e-modules 

[74]. Educational technology should be seen as something other than a supplementary 

resource but as an integral part of the curriculum that enhances teaching and learning 

outcomes [35]. Thus, the study suggested that educational institutions must invest in 

infrastructure to ensure equitable access to digital learning tools for all students, 

regardless of their geographic location or socioeconomic status [75]. 

For policymakers, the findings provided explicit recommendations for creating and 

implementing policies that support integrating educational technology in schools [76]. 

Policymakers were encouraged to recognize that digital tools, such as STEAM-based e-

modules [66], could bridge the educational divide by providing students in underserved 

areas with access to high-quality learning resources [75]. This was particularly important 

in Indonesia, where educational infrastructure and resource disparities are prevalent, 

especially in rural areas. The research emphasizes the need for policies that ensure 

schools, particularly those in remote or disadvantaged regions, are equipped with the 

necessary technology, including computers, tablets, and reliable internet access [77]. 
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Policymakers were also urged to consider the implementation of nationwide [66] or 

regional programs that promote technological literacy among educators and students 

[78]. Such programs should enhance teachers' digital competence and ensure students 

have the necessary skills to succeed in an increasingly digital world [79]. Further, the 

study recommended that policymakers incentivize educational institutions to 

incorporate innovative teaching methods, such as STEAM-based modules, into their 

curricula [66]. This would modernize the educational system and ensure students 

acquire the skills and knowledge required to thrive in the 21st century [61]. 

Conclusion 
The study demonstrated that implementing STEAM-based e-modules significantly 

enhanced the problem-solving skills of fifth-grade students in science, with the 

experimental group achieving an N-Gain score of 0.68, which was substantially higher 

than the 0.28 score observed in the control group. The findings underscore the 

effectiveness of integrating digital tools with an interdisciplinary approach to foster 

critical thinking, creativity, and analytical skills, particularly in complex topics such as the 

human circulatory system. By providing an interactive and multimodal learning 

experience, the e-modules directly contributed to advancing the goals of Sustainable 

Development Goal 4 (SDG 4), which focuses on promoting equitable and quality 

education. While some problem-solving indicators showed moderate progress, the 

study highlighted the need for enhanced teacher training and improved technological 

infrastructure. Addressing these areas is crucial to fully realizing the potential of digital 

education tools and ensuring their effective integration. The research also affirmed the 

transformative potential of STEAM-based e-modules as an innovative and scalable 

model for improving primary education, offering a promising solution to global 

educational challenges and fostering a more inclusive learning environment. 
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