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 This research was to study the effects of a learning model using  

problem-based learning (PBL) with science, technology, engineering, arts, 

and mathematics (STEAM) education of light and optics topics on pre-service 

science teachers’ learning achievement and problem-solving skills. The data 

were collected using mixed methods for 15 weeks from December 2023 to 

March 2024. The sample group was 30 undergraduates majoring in teaching 

general science and taking physics for teacher courses. The achievement test 

and problem-solving skill evaluation form were used before and after 

participating in five lesson plans of the PBL with STEAM model focusing on 

the content of light and optics. This model consists of six steps: i) finding 

interesting problems; ii) identifying a problem to solve within the group;  

iii) planning the design; iv) conducting the PBL with STEAM project;  

v) modifying the project; and vi) project presentation. The results indicated 

that their learning outcomes of light and optics in physics and problem-solving 

skills were significantly higher after learning through this model. The results 

are similar to previous research on PBL and STEAM education at all levels. 

It is suggested that future studies should focus on applying PBL with STEAM 

projects to the real science classrooms in the middle school level and 

providing more time on project designing process. 
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1. INTRODUCTION 

Educational systems worldwide are increasingly emphasizing the development of learners’ 

competencies in critical thinking, creativity, communication, and collaboration to address the complexities of 

modern society [1]. Many leading countries recognize that science education must evolve beyond traditional 

content delivery to incorporate real-world problem-solving and interdisciplinary learning experiences. In Asian 

regions, these trends have heightened the urgency to reform science curricula and pedagogical approaches. 

Thailand, for instance, has highlighted the importance of 21st-century skills, including the ability to tackle 

complex problems, think critically, communicate effectively across diverse cultures, and work collaboratively 

under rapidly shifting conditions. The Thai government and the Education Ministry will solve the problem as 

quickly as possible to achieve tangible results on science, mathematics, and reading literacy. In the 2025 

assessment, Thai student’s rankings must improve in science and mathematics achievement. Addressing these 

demands requires preparing future science teachers who are both knowledgeable and adept at implementing 

innovative instructional models to be focused on science, technology, engineering, and mathematics (STEM) 

education [2]. 

https://creativecommons.org/licenses/by-sa/4.0/
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The integration of STEAM education with problem-based learning (PBL) has emerged as a promising 

strategy for enhancing science instruction [3]. Such an approach allows pre-service teachers to gain both the 

content and pedagogical knowledge necessary for effective science teaching [4]. By fostering problem-solving 

abilities and interdisciplinary thinking, PBL and STEAM can help pre-service teachers acquire the skills 

needed to design and facilitate learning experiences that engage students in authentic scientific inquiries [5]. 

Prior research has shown that effective teacher preparation in these domains leads not only to improved teacher 

satisfaction, but also to enhanced student achievement and deeper conceptual understanding [6], [7]. Moreover, 

studies have indicated that STEAM-based instruction can cultivate essential 21st-century competencies, 

resulting in significant learning gains, including improved thinking skills [8]. The implementing STEAM 

education in schools positively affected learners’ learning achievement, and development skills. As a result, 

STEAM education can help learners develop their learning outcomes [9]. 

Within the domain of physics education, concepts such as light and optics often pose considerable 

challenges for learners [10]. Problem-solving difficulties may arise from gaps in mathematical skills, limited 

conceptual understanding, or a lack of exposure to real-world applications of physics principles. Consequently, 

pre-service teachers must develop the capacity to effectively teach these topics using methods that emphasize 

inquiry, design, and iteration [11]. Research suggests that PBL, supported by STEAM initiatives, can foster 

learning environments where students engage deeply with scientific phenomena, thereby improving their 

problem-solving proficiencies and overall achievement [12]. Studies integrating PBL into science education 

have reported increased learner satisfaction, enhanced scientific literacy, and better conceptual grasp in 

physics-related content [13]. 

The integration of PBL and STEAM provides an effective framework for interdisciplinary learning, 

allowing pre-service teachers to design and implement instructional models that bridge the gap between 

theoretical concepts and practical applications [14]. By structuring lessons around real-world problems, this 

approach enables learners to make meaningful connections between science, technology, engineering, 

mathematics, and artistic creativity. Pre-service teachers trained in such an environment develop the ability to 

facilitate student-centered learning experiences, foster collaboration, and encourage inquiry-based problem-

solving. Moreover, the interdisciplinary nature of STEAM enhances students’ ability to visualize the 

interconnectedness of different fields, promoting a holistic understanding of scientific and technological 

advancements [15]. 

Despite the growing body of research on the effectiveness of PBL and STEAM integration in science 

education, a critical gap remains in understanding how these approaches specifically impact  

pre-service teachers’ learning outcomes and teaching competencies, particularly in physics-related topics such 

as light and optics. This study aims to address this gap by investigating how a PBL-based STEAM instructional 

model influences pre-service science teachers’ conceptual understanding, problem-solving skills, and 

pedagogical readiness in teaching light and optics [16]. By focusing on this intersection, the research 

contributes valuable insights for teacher education programs and curriculum designers seeking to empower 

future educators with innovative and effective instructional techniques. 

Ultimately, this study not only aligns with global educational priorities but also holds significant 

implications for improving the quality and relevance of science education in Asian contexts and beyond. By 

equipping pre-service teachers in science with the ability to implement PBL and STEAM-based instructional 

strategies, this research supports the broader goal of fostering a new generation of educators capable of 

preparing students for the demands of a rapidly evolving world. Also, to encourage all pre-service teachers to 

understand and integrate all related fields in STEAM into a real-world problem and be able to apply in their 

own science classroom in the future. 

 

 

2. METHOD 

In this research, five lesson plans were developed based on a PBL with STEAM model, employing 

light and optics topics for pre-service science teachers. The model encompassed six steps in the learning 

process: i) finding interesting problems; ii) identifying a problem to solve within the group; iii) planning the 

design; iv) conducting the PBL with STEAM project; v) modifying the project; and vi) presenting the project. 

These six integrated steps were designed to foster interdisciplinary learning. Following the methodology 

proposed by Durakovic [12], this six-step PBL with STEAM model was introduced to improve both the 

learning outcomes and problem-solving skills of pre-service science teachers in physics-related concepts. 

An experimental, pre-test/post-test design was employed to evaluate the effectiveness of this model. 

The study focused on enhancing participants’ learning achievement and problem-solving abilities, as measured 

by an achievement test and a problem-solving evaluation form. Figure 1 illustrates the research design and 

evaluation framework. 
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Figure 1. The research framework of the study 

 

 

2.1.  Population and sample 

The population of this study comprised 60 first-year undergraduate pre-service science teacher 

students enrolled in the Faculty of Education at Suan Sunandha Rajabhat University, Bangkok, Thailand, 

during the 2023 academic year. They were divided into two sections based on the requirement of the Teachers’ 

Council of Thailand regulations. Therefore, we considered these sections as equally groups. The cluster random 

sampling and convenience selection [17] were employed to select one section as a sample group of 30 

participants. These selected students were enrolled in the “physics for science teacher II” course in the second 

semester, which took place from December 2023 to March 2024. The undergraduates of this Bachelor degree 

in Education Program came from difference areas all over the country. They were accepted by the Thailand 

national admission process for teachers. 

 

2.2.  Instruments 

The research utilized two primary instruments: i) learning outcomes test with multiple-choice test 

covering light and optics concepts, designed to measure pre-service science teachers’ conceptual 

understanding. each item was aligned with specific learning objectives, ensuring content validity; and  

ii) problem-solving skills assessment with rubric-based evaluation assessing essential dimensions of  

problem-solving such as problem identification, approach, content application, data analysis, and 

communication applied to project-based tasks. The content validity of the instrument used in this study was 

reviewed by experts in science education and PBL, who ensured that the instrument comprehensively assessed 

all relevant aspects of the construct being measured, including knowledge and skills related to light and optics, 

as well as problem-solving and collaboration within the STEAM framework. These experts confirmed that the 

instrument reflects all necessary content. Pilot test the questionnaire with a pilot group the reliability value 

Cronbach’s alpha is equal to 0.92. 

 

2.3.  Data analysis  

This study utilized descriptive statistics to summarize the general characteristics of the participants. 

To assess the effectiveness of the PBL and STEAM learning model, inferential statistical methods were 

applied. Specifically, a t-test was conducted to compare the pre-test and post-test scores of pre-service science 

teachers, measuring their learning outcomes and problem-solving abilities before and after engaging with the 

PBL and STEAM learning model. This analytical approach allowed for a systematic assessment of how the 

instructional model influenced both academic achievement and problem-solving skills, providing quantitative 

evidence of its impact. 

 

 

3. RESULTS AND DISCUSSION 

In the research findings are presented in two sections, aligned with the research objectives. The first 

section addresses the pre-service science teachers’ learning outcomes on light and optics concepts, and the 

second section focuses on the improvement of their problem-solving skills. 

 

3.1.  Pre-service science teacher learning outcome improvement 

Their learning outcome comparisons, both before and after exposure to the PBL with STEAM 

education model, are summarized in Table 1. These findings are based on a multiple-choice test covering light 

and optics content, which was verified for high reliability and appropriate discrimination indices. Descriptive 

statistics were employed to present general information about the participants, while inferential statistics 

facilitated the comparison of pre-test and post-test scores. Specifically, a t-test was conducted to evaluate 

differences in the pre-service science teachers’ learning outcomes before and after the intervention, as well as 

to analyze their problem-solving abilities following participation in this learning model. 

 

 

Table 1. Comparison of pre-service science teachers’ learning outcome on light and optics 
Test Mean SD t p 

Pre-test 11.00 2.83 53.87 0.00* 

Post-test 26.27 0.62  

Note: *Significant level 0.05 

achievement test and problem-solving evaluation form that researchers developed based on Bloom’s 

taxonomy and IPST, respectively.   

 

 

 

 

 

The six steps of PBL with STEAM 

Education learning model 
- Learning achievement  

- Problem-solving skill 
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The results presented in Table 1 indicate that the pre-service science teachers attained a significantly 

higher mean score of 26.27 (SD=0.62) following the PBL with STEAM intervention. The decrease in the 

standard deviation (SD) from the pre-test to the post-test suggests that their performance scores converged 

toward the mean, reflecting a more uniform improvement in learning outcomes. These findings are consistent 

with prior research demonstrating that PBL activities can enhance teaching efficiency and learning 

achievement in higher education settings [18]. 

Similar improvements have been observed in physics education, where students’ academic 

achievement and conceptual understanding increased in proportion to the number of physics problems solved 

using PBL strategies [19]. A qualitative component of a previous study revealed that students who were aware 

of being observed during problem-solving tasks exhibited enhanced performance, likely due to increased focus 

and the metacognitive awareness of their own processes. Moreover, the integration of STEAM into science 

classrooms has been shown to further elevate students’ achievement in various STEM-related subjects [20]. 

These mean they can apply light and optics topic in physics with technology into engineering design and using 

mathematics to help designing their projects as well. 

 

3.2.  Pre-service science teacher problem-solving skill 

The pre-service science teachers’ problem-solving skills were assessed using a rubric-based 

evaluation form both before and after their participation in the six-step PBL with STEAM learning model.  

A t-test was conducted to compare the pre-test and post-test scores, and the results are presented in Table 2. 

According to the results presented in Table 2, the pre-service science teachers’ problem-solving skills improved 

significantly after participating in the PBL with STEAM learning model. Their post-intervention mean score 

reached 24.10 with a SD of 1.61, compared to a pre-intervention mean score of 10.03 (SD=2.17). Notably, the 

reduced SD in the post-test suggests a more uniform enhancement of problem-solving abilities among the 

participants. These findings align with educational policies emphasizing the development of problem-solving 

skills as a fundamental 21st-century competency. Their problem-solving scores were shown obvious 

improvement after learning through this six-step PBL with STEAM. 

 

 

Table 2. Comparison of pre-service science teachers’ problem-solving skill 
Test Mean SD t p 

Pre-test 10.03 2.17 59.97 0.00* 

Post-test 24.10 1.61  

Note: *Significant level 0.05 
 

 

Problem-solving is recognized as a critical component of physics education and was therefore a focal 

point of this study. The approach allowed pre-service teachers to work collaboratively in small groups, identify 

intriguing problems, and plan solutions by integrating STEAM. Similar results have been reported in prior 

studies, indicating that a PBL environment encourages students to take ownership of their learning, engage 

actively with content, and collaboratively resolve authentic problems [21], [22]. Moreover, research has 

demonstrated that combining PBL with STEAM approaches can strengthen learners’ competencies in physics, 

particularly in challenging domains such as light and optics [23]. Previous studies also confirm that using  

real-world STEAM problems can foster interdisciplinary thinking and enhance both learning achievement and 

problem-solving skills [24]. The present study’s findings are consistent with this body of research, 

underscoring the potential of PBL with STEAM to improve undergraduate students’ physics proficiency. 

 

3.3.  Pre-service science teacher PBL with STEAM education projects  

The pre-service science teachers collaborated in teams during steps 3 through 6 of the learning 

process, wherein they conducted their projects. Similar research indicates that integrating STEAM into science 

classrooms can enhance students’ efficiency in collaboratively creating scientific projects [25]. In the present 

study, a key difference was the deliberate inclusion of the “arts” component, which encouraged the pre-service 

teachers to jointly identify engaging problems and to plan their solutions through STEAM principles. These 

findings are in agreement with previous studies that underscore the value of incorporating interdisciplinary 

approaches into teacher preparation [26]–[28]. After refining their projects, not only emphasize on their 

learning achievement, but also problem-solving skill based on Figure 1. The teams had presented their final 

work projects. Therefore, examples of STEAM projects are illustrated in Figure 2, it shows pictures of student 

STEAM education projects consisting of Figure 2(a) fun with mirror reflection and Figure 2(b) refraction 

coloring. 
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(a) (b) 

 

Figure 2. Student STEAM education projects (a) fun with mirror reflection and (b) refraction coloring 

 

 

The influence of the PBL with STEAM learning model on learners’ problem-solving abilities parallels 

earlier findings that a PBL-STEAM approach can enhance creative thinking in environmental pollution 

contexts [29], [30]. Our results likewise indicate that undertaking interdisciplinary projects within a STEAM 

framework not only improves problem-solving skills but also increases students’ interest in physics and other 

STEM fields. Previous research supports this conclusion, showing that implementing STEAM-integrated 

project-based learning enhances students’ performance in conducting projects [31]. Similarly, interdisciplinary 

STEAM curricula have been shown to strengthen students’ project competence and elevate their motivation to 

learn. Moreover, the pre-service science teachers in this study reported a high level of satisfaction toward 

science after participating in the PBL with STEAM learning model. They recognized the value of science in 

their daily lives, a finding consistent with earlier work to improve their attributes toward physics [32]. Such 

outcomes underscore the potential of PBL with STEAM to develop scientifically literate individuals who value 

and apply scientific understanding to real-world challenges. Their attitudes toward science based on classroom 

observation during the activities were very positive and engaging. 

 

 

4. CONCLUSION 

This study highlights the effectiveness of integrating PBL with STEAM education, particularly in 

preparing future science teachers. By fostering interdisciplinary learning and critical 21st-century skills, the 

research demonstrates the potential of innovative pedagogical approaches to enhance both learning outcomes 

and problem-solving abilities among pre-service educators. In this study, five lesson plans were developed 

following six structured learning steps: i) finding interesting problems; ii) identifying a problem to solve within 

the group; iii) planning the design; iv) conducting the PBL with STEAM project; v) modifying the project; and 

vi) project presentation. Implemented with 30 pre-service science teachers using light and optics topics, the 

intervention resulted in a significantly higher mean achievement score of 26.27 (SD=0.62) and a notably 

enhanced mean problem-solving score of 24.10 (SD=1.61). The combination of PBL with STEAM promotes 

deeper engagement with complex issues, encouraging collaboration, creativity, and the application of 

interdisciplinary knowledge. These findings demonstrate that the PBL with STEAM learning model not only 

improves conceptual understanding and subject mastery in physics but also encourages collaborative problem-

solving and creativity and attitudes toward science. The integration of STEAM within a PBL framework enables 

learners to engage deeply with complex issues, applying interdisciplinary knowledge and skills effectively. 

It is recommended to explore the development of e-learning materials aligned with the PBL with 

STEAM model, which could extend its application to online learning environments in digital world. 

Additionally, employing this model across various levels of science teaching methods could help students 

better integrate STEAM subjects with career decision-making processes related to science areas, supporting 

their navigation of both academic and professional pathways. Further investigations should focus on the 

adaptability and effectiveness of the STEAM-integrated PBL approach across a broader range of educational 

levels especially in primary level, including different cultural, digital, and geographical contexts. Such research 

would provide understanding into how the approach can be tailored for learner populations, ensuring that its 

benefits are universally applicable. Longitudinal studies would also be valuable in assessing the long-term 

impact of this model on science educators’ professional development and classroom practices after their 

training. Moreover, future research should explore how the integration of STEAM disciplines affects critical 

areas such as problem-solving skills, motivation, creativity, and overall engagement in science education. 

These insights would be crucial for curriculum designers and policymakers, allowing them to refine the model 

and ensure it not only enhances academic outcomes but also inspires students to become active, innovative 

contributors to the scientific community. By addressing these research directions, the PBL with STEAM 

approach could be further developed, providing a robust framework for preparing educators who can inspire 

the next generation of problem-solvers, innovators, and scientists. 
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