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Abstract: This research aims to develop and evaluate the validity of a STEM-

based learning module designed to improve understanding of physics 

concepts for prospective teachers. This module includes various physics 

materials that are integrated with the STEM (Science, Technology, 

Engineering and Mathematics) approach and is designed to be implemented 

in the classroom learning process. Module validation was carried out by five 

experts who assessed four main aspects: accuracy of material, clarity of 

presentation, integration of STEM approaches, and suitability to learning 

objectives. The results of the analysis using Aiken's V show that this module 

has good validity, with the accuracy of the material getting the highest score 

of 0.85, followed by clarity of presentation and integration of the STEM 

approach which each got a score of 0.75, and suitability with learning 

objectives which got a score of 0.7. Based on these results, it can be concluded 

that this module is ready to be implemented in learning and has the potential 

to effectively improve prospective teachers' understanding of physics 

concepts. 

 

Keywords: conceptual understanding; Learning modules; STEM; teacher 

candidate 

INTRODUCTION 

  

Physics education is one of the main pillars in 

the development of science and technology, which 

has an important role in preparing future generations 

to face global challenges (Nowotny et al., 2018; 

Jauhariyah et al, 2021). However, a deep 

understanding of physics concepts is often a 

challenge, especially for prospective teachers who 

are expected to be able to teach this material 

effectively in schools (Purvis et al., 2019; Radzi et 

al., 2022; Bahtiar et al., 2022). Facts in the field 

show that many prospective physics teachers still 

face difficulties in understanding basic physics 

concepts, which can have an impact on the quality of 

their teaching in the future (Alemu et al., 2021; 

Fidan, M., & Tuncel, 2019; Kulgemeyer, C., & 

Riese, 2018). 

Conventional physics learning methods often 

focus on memorizing theory without providing 

applicable learning experiences (Marcinauskas et al., 

2024; Cai et al., 2021). As a result, prospective 

teachers are less able to link theory with practice, so 

that the understanding they form tends to be shallow 

(Boe et al., 20218). This condition creates an urgent 

need to find learning methods that are more effective 

and relevant in increasing understanding of physics 

concepts (Hofer et al., 2o18; Rosales et al., 

2020; Maimun & Bahtiar, 2022). 

Data obtained from various studies 

shows that the current learning modules do 

not fully support optimal understanding of 

physics concepts. These modules tend to be 

theoretical in nature and do not integrate 

practical elements that are relevant to 

everyday life. This causes difficulties for 

prospective teachers in connecting physics 

theory with its application in the real world 

(Xu et al., 2020; Strxys et al., 2018). 

One approach that is considered 

capable of overcoming this problem is STEM 

(Science, Technology, Engineering, and 

Mathematics) based learning (Sagala et al., 

20219; Sari et al., 2020; Dare et al., 2018; 

Bahtiar et al., 2023). Observations in various 

educational institutions show that the STEM 

approach has a positive impact in 

understanding physics concepts (Struyf et al, 

2019; Adhelacahya et al., 2023). This 

approach combines various scientific 

disciplines, so students can see how physics 

concepts are applied in a broader and more 

real context, making learning more 
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meaningful and interesting (Altmeyer et al., 2020; 

Thibaut et al., 2018). 

Although there has been a lot of research 

examining the use of STEM approaches in learning, 

there is still a gap in research regarding the validity 

of STEM-based modules specifically designed to 

improve understanding of physics concepts for 

prospective teachers (Wahono & Chang, 2020; Acar 

et al., 2018). Most research focuses on developing 

modules without testing their validity in depth in the 

context of physics learning. This shows the need to 

conduct more specific research in validating STEM-

based learning modules. 

This research aims to offer novelty through 

validation of STEM-based learning modules 

specifically designed to increase understanding of 

physics concepts for prospective teachers. 

Validation of this module is important to ensure that 

the module not only meets academic standards, but 

is also relevant and effective in the context of 

physics learning (Wati et al., 2020; Hardeli et al., 

2022). With validated modules, it is hoped that 

prospective physics teachers will have a better 

understanding and be ready to apply physics 

concepts in the classroom learning process 

(Barquilla & Cabili, 2021; Kasim & Ahmad, 2018). 

The validity of the learning module is a crucial 

aspect that determines success in the learning 

process (Suastrawan et al., 2021; Irdawati et al., 

2023). A valid module must be able to bridge theory 

with practice and suit the needs of students (Astuti et 

al., 2018). Therefore, this research places module 

validation as an important step before implementing 

the module widely (Yevira, 2023). 

It is hoped that the results of this research can 

make a significant contribution to the development 

of better physics learning modules in the future. 

With validated modules, it is hoped that prospective 

physics teachers will have a deeper understanding of 

the concepts and be ready to teach them effectively. 

This research is specifically aimed at prospective 

physics teachers, who are key actors in science 

education. Through this research, it is hoped that a 

STEM-based learning model can be found that is not 

only valid but also practical and applicable, so as to 

improve the overall quality of physics education. 

 

METHODS 

  

This research uses a research and 

development approach (Research and Development, 

R&D) which aims to develop and validate STEM-

based learning modules to increase understanding of 

physics concepts in prospective teachers. This 

research was limited to the validation stage, 

which was carried out through expert 

validation without involving student subjects. 

This validation is carried out to ensure that the 

module developed meets academic standards 

and is relevant for use in physics learning. 

The research procedure began with the 

development of a STEM-based learning 

module designed to increase understanding of 

physics concepts by referring to Thiagaran's 

4D development steps (Gasong et al., 2021), 

namely define, design, develop, and 

disseminate (Farida et al., 2021; Ibrahim et al., 

2020). After this module was developed, the 

validation process was carried out by experts 

in the fields of physics and media education. 

Experts were asked to assess the modules in 

terms of content and construct validity, which 

includes appropriateness of the material, 

clarity of presentation, and alignment with 

STEM approaches. 

The data collection instrument used in 

this research was a module validation sheet, 

which was filled in by experts. This sheet is 

designed to measure various aspects of 

validity, including the accuracy of the 

material, suitability to the curriculum, and the 

potential of the module to improve 

understanding of physics concepts. Experts 

provide their assessments based on 

predetermined criteria and provide necessary 

input for improving the module. 

Data obtained from expert validation 

was analyzed descriptively to determine the 

level of module validity. This analysis 

involves calculating the average validation 

scores from experts, as well as reviewing 

qualitative input to identify aspects that need 

improvement. The results of this analysis will 

be used to make final revisions to the module, 

ensuring that the module developed meets the 

expected standards before it can be 

implemented further in the learning context. 

Apart from descriptive analysis, expert 

validation data was also analyzed to determine 

the level of validity using the Aiken's V 

formula. Validity level determined based on 

the following table. 
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FINDINGS AND DISCUSSION  

  

Findings The product resulting from this 

research is a STEM-based learning module 

specifically designed to increase understanding of 

physics concepts for prospective teachers. This 

module consists of several main parts, namely an 

introduction that explains the learning objectives and 

relevance of the material, chapters that discuss 

physics concepts in depth using a STEM approach, 

as well as exercises and evaluations to measure 

prospective teachers' understanding. Each part of 

this module is designed with attention to the 

integration between science, technology, 

engineering and mathematics, which is expected to 

provide a comprehensive and applicable learning 

experience (Eom, 2019). 

This module is also equipped with relevant 

illustrations and examples, which aim to facilitate 

prospective teachers' understanding of the physics 

concepts being taught. The illustrations used are not 

just pictures, but also simulations and diagrams that 

can help them to visualize abstract concepts into 

more concrete ones. In addition, the examples 

included in this module are taken from everyday life 

and real world situations, so that prospective 

teachers can see a direct connection between the 

theory they learn and its application in the real world 

(Chen, 2018). 

As part of the STEM approach, this module 

also emphasizes the use of technology in the learning 

process. Prospective teachers are invited to use 

digital devices such as computers or tablets to access 

additional materials, interactive simulations, 

and learning videos that support their 

understanding. This approach is in line with 

the demands of the digital era, where the 

ability to use technology effectively is one of 

the important competencies that prospective 

teachers must have. The use of this technology 

is also expected to increase their motivation 

and involvement in the learning process 

(Puspitarini & Hanif, 2019; Ahmadi, 2018)). 

To ensure that this module is effective 

in achieving learning objectives, evaluations 

and exercises are included at the end of each 

chapter. The exercises provided include 

questions with varying levels of difficulty 

designed to measure prospective teachers' 

overall understanding. Apart from that, 

evaluations in the form of formative and 

summative tests are also designed to provide 

feedback to them and teachers regarding the 

progress that has been achieved. The results of 

this evaluation can be used as a basis for 

improving or adjusting learning strategies in 

the classroom (Cheng et al., 2019).\ 

The learning modules that have been 

developed are then validated by experts. The 

validity of this module is measured based on 

assessments by five experts in the field of 

education, with a focus on aspects of material 

accuracy, clarity of presentation, integration 

of STEM approaches, and suitability to 

learning objectives. The expert validity results 

are presented in the following table. 

 
Table 2. Results of Expert Validity Analysis 

Validation Aspect Indicator Average Score Aiken's V Category 

Accuracy of Material Accuracy of scientific 

information 

4.4 0.85 High Validity 

Compatibility with the 

curriculum 

4.2 0.80 High Validity 

Conformity with the latest 

references 

4.6 0.90 High Validity 

Clarity of Presentation Logical module structure 4.2 0.75 Medium Validity 

Readability and ease of 

understanding 

4.4 0.85 High Validity 

Quality examples and 

illustrations 

4.4 0.85 High Validity 

Integration of STEM 

Approaches 

Connectedness to 

technology 

4.1 0.75 Medium Validity 
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Integration of mathematical 

elements 

4.3 0.80 High Validity 

Real world application 4.2 0.80 High Validity 

Suitability to Learning 

Objectives 

Achievement of learning 

objectives 

4.0 0.70 Medium Validity 

Competency achievement 4.1 0.75 Medium Validity 

Assessment of learning 

outcomes 

4.2 0.80 High Validity 

 

Based on Table 2 above, it is known that under 

the Material Accuracy aspect, the indicators assessed 

include the accuracy of scientific information, 

conformity with the curriculum, and conformity with 

the latest references. The average score for accuracy 

of scientific information was 4.4 with an Aiken's V 

of 0.85, indicating that experts strongly agreed that 

the material presented in the module was accurate 

and relevant. This is consistent with the theory that 

learning materials must be based on the latest 

scientific knowledge to ensure educational quality 

(Darling-Hammond et al., 2020). The indicator of 

conformity with the curriculum obtained an average 

score of 4.2 and Aiken's V of 0.80, indicating the 

suitability of the module with the applicable 

curriculum. In accordance with the principle that 

teaching materials must meet curriculum standards 

for learning effectiveness (Gess-Newsome et al., 

2019). Conformity with the latest references 

received the highest score, namely 4.6 with Aiken's 

V 0.90, indicating that the module utilizes the latest 

and relevant sources, supporting the concept that 

learning must always be updated in accordance with 

scientific developments (Valverde-Berrocoso et al., 

2020). 

For the Clarity of Presentation aspect, the 

indicators assessed include logical module structure, 

readability and ease of understanding, as well as the 

quality of examples and illustrations. The logical 

module structure received a mean score of 4.2 with 

an Aiken's V of 0.75, indicating that most experts 

consider the module structure to be adequate, 

although there is still room for improvement. Good 

structure is important in learning to facilitate an 

effective learning process (Bozkurt, 2019). 

Readability and ease of understanding received a 

score of 4.4 and Aiken's V 0.85, indicating that the 

module is easy to understand and access by students. 

This is important because clarity of presentation 

contributes to better understanding and retention of 

material (Cheng et al., 2018). The quality of 

examples and illustrations also received a score of 

4.4 with Aiken's V 0.85, indicating that the 

examples and illustrations in the module really 

support understanding of concepts, in 

accordance with the theory that good 

illustrations can improve student 

understanding (Shepard et al., 2018). 

The Integration Aspect of the STEM 

Approach assesses connectedness to 

technology, integration of mathematical 

elements, and real-world applications. 

Connectedness with technology obtained an 

average score of 4.1 with an Aiken's V of 0.75, 

indicating that there are efforts to link physics 

concepts with technology, but it needs to be 

further improved. The integration of 

technology in STEM education is key to 

preparing students to face the challenges of 

the modern world (Kalogiannakis et al., 

2021). Integration of mathematical elements 

received a score of 4.3 with an Aiken's V of 

0.80, indicating that the module links 

mathematical concepts with physics 

effectively, in accordance with guidelines that 

integration of scientific disciplines can deepen 

understanding (Kwangmuang et al., 2021). 

The real world application also received a 

score of 4.2 with an Aiken's V of 0.80, 

indicating that the module connects physics 

concepts with practical applications, which is 

in accordance with the theory that real 

applications can increase the relevance and 

motivation of learning (Kaufman, 2018). 

Table 2 also shows that in the aspect of 

Conformity to Learning Objectives, indicators 

include achievement of learning objectives, 

achievement of competencies, and assessment 

of learning outcomes. Achievement of 

learning objectives received an average score 

of 4.0 with an Aiken's V of 0.70, indicating 

that the module almost fully meets the stated 

objectives. Clear and measurable learning 

objectives are important for achieving desired 
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learning outcomes (Huang, B., & Hew, 2018). 

Competency achievement obtained a score of 4.1 

with Aiken's V 0.75, indicating that the module 

supports the expected competencies. This is in 

accordance with the principle that teaching materials 

must support the achievement of desired 

competencies (Lavrentieva et al., 2019; Bahtiar et 

al., 2023). The assessment of learning outcomes 

received a score of 4.2 with Aiken's V 0.80, 

indicating that the module includes an effective 

evaluation mechanism to assess the achievement of 

learning outcomes, which supports the importance of 

continuous evaluation in the learning process 

(Rodrigues et al., 2019; Bahtiar, 2023). Specifically, 

the results of the expert validation analysis are 

presented in Figure 1 below. 

 

  
Figure 1. Results of Expert Validity Analysis 

  

The figure shows the results of expert 

validation analysis of STEM-based learning 

modules, which are represented by Aiken's V scores 

for four main aspects: accuracy of material, clarity of 

presentation, integration of STEM approaches, and 

suitability to learning objectives. With an Aiken's V 

value of 0.85, the Accuracy of Material aspect it has 

the highest validity among all aspects assessed. This 

shows that the experts strongly agree that the 

material in this module is accurate and in accordance 

with applicable physics concepts. According to 

learning evaluation theory, material accuracy is key 

in ensuring that students (or in this context, 

prospective teachers) obtain correct and reliable 

information, which is the foundation of effective 

learning. 

The Clarity of Presentation aspect received an 

Aiken's V value of 0.75, which indicates good 

validity, although there is little room for 

improvement. Clarity of presentation is an important 

element in learning design, where information must 

be conveyed in a way that is easy for prospective 

teachers to understand. This is in line with cognitive 

theory in education which emphasizes the 

importance of presenting clear and structured 

information to support the process of understanding 

and retaining material. 

For the Integration of STEM Approaches 

aspect): also obtained an Aiken's V value of 0.75, 

indicating that this module effectively integrates 

elements from science, technology, 

engineering and mathematics. STEM 

education theory emphasizes the importance 

of this integration to create relevant and 

applicable learning, where prospective 

teachers can see the interrelationships 

between scientific disciplines and apply the 

concepts learned in learning. 

With an Aiken's V value of 0.7, the 

Compliance with Learning Objectives aspect 

has a fairly good validity value, but slightly 

lower than other aspects. Suitability to 

learning objectives is important to ensure that 

this module can actually achieve the expected 

competencies. The instructional design 

concept emphasizes that each element in the 

module must support the achievement of 

specific learning objectives, so that learning 

outcomes can be measured and evaluated 

effectively. 

Overall, the Aiken's V value obtained for each 

aspect shows that this module has a good level 

of validity, with the accuracy of the material 

as the strongest aspect. However, there are 

still several aspects that could be improved to 

ensure that this module is not only accurate, 

but also presented in the most effective way 

and in accordance with the intended STEM 

approach. The following presents the results 

of the analysis using the Rasch model. 

 
Figure 2. Person-Item Map (Wright Map) 
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The Wright Map or Person-Item Map image 

above shows the distribution of the abilities of the 

experts involved in the validation of the STEM-

based learning module and the difficulty level of the 

items or indicators being assessed. On this map, the 

red marks represent the experts, while the blue marks 

represent the items being assessed. Both components 

are displayed on the same logit scale, allowing for a 

direct comparison between the abilities of the experts 

and the difficulty level of the items. 

The horizontal line on the logit scale 0 

represents the average difficulty of the items. Items 

above this line are more difficult than average, while 

items below it are easier. The red dots scattered along 

the vertical axis indicate variation in the abilities of 

the experts, with higher points indicating greater 

ability. Conversely, the scattered blue dots indicate 

variation in the difficulty level of the items, with 

more difficult items located higher on this scale. 

Through this Wright Map, it can be seen 

whether the distribution of expert abilities is in line 

with the difficulty level of the items. When expert 

abilities (red dots) cluster around the difficulty level 

of the item (blue dots), this indicates that the item is 

at the right level of difficulty to be measured by the 

experts involved. If there is an imbalance, such as 

many highly skilled experts without corresponding 

items, or many difficult items without experts who 

are able to rate them, then this indicates that the 

instrument may need to be adjusted to reflect 

balanced abilities. Overall, the Wright Map provides 

an important visual representation in assessing the fit 

between expert ability and item difficulty in a 

validation instrument. 

 

CONCLUSION 

 

Based on the results of research and expert 

validation, it can be concluded that the STEM-based 

learning module developed to improve 

understanding of physics concepts for prospective 

teachers has good validity, especially in the aspect of 

material accuracy which received the highest score. 

Although aspects of clarity of presentation, 

integration of STEM approaches, and suitability to 

learning objectives are also considered valid, there is 

room for further improvement to achieve module 

perfection. Overall, this module has met the 

standards required to be implemented in the learning 

process and has great potential to become an 

effective tool in supporting the development of 

prospective physics teacher competencies in 

accordance with the demands of 21st century 

education. 
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