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Abstract: A valid and practical STEM-based introduction to quantum physics module 
has been successfully developed. The module development uses a modified Rowntree 
development model consisting of three stages: the planning stage, the development stage, 
and the evaluation stage. Tessmer's formative evaluation was carried out at the 
evaluation stage, including self-evaluation, expert review, one-to-one evaluation, and 
small group evaluation. Data collection techniques used walkthrough data and 
questionnaire data. The results of the expert review show that the EVR value from the 
experts is 88.1%. In the one-to-one evaluation stage, the HEOS value from student 
responses to the use of this module is 88.6% (efficient type). The module was revised into 
prototype two and re-tested apart from these two stages. In the small group evaluation 
trial, the HEOS score from student responses using this module is 93.0%. Thus, based on 
the study results, it is concluded that the developed module (teaching material) is valid 
and practical. 
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Introduction  

 
Teaching material is critical to learning 

implementation as it helps educators and students find 
a solid pathway to enhance their understanding. It also 
allows instructors to improve the quality of teaching and 
learning. Teaching material is systematic content, 
typically found as unwritten or written materials, which 
assists students in exploring their learning process and 
developing individual potential. Furthermore, teaching 
material roles to smoothen the learning process, 
particularly in physics content in higher education. In 
this modern era, physics teaching and learning in 
tertiary education significantly contribute to the 
development and process of science and technology as 
advanced concepts and compartmentalized learning at 
the university level can benefit students to think 
creatively and critically and enable integrated learning 

with other disciplines. This integration refers to STEM 
(Science, Technology, Engineering, and Mathematics) 
founded by the National Science Foundation (NSF) 
(Ring-Whalen et al., 2018). This learning approach lets 
students discover conceptual knowledge by examining 
each aspect of STEM (Syahirah et al., 2020). Similarly, 
Shanta et al. (2020) argue that STEM learning aims to 
produce students with high critical thinking skills so 
they can solve complex problems thoroughly and 
compete as a qualified workforce in human capital. 
However, through a lens of actuality, teaching and 
learning in tertiary education only utilizes materials that 
cover two aspects of STEM: science and mathematics.  

This reality challenges the system as most students 
only acknowledge two aspects of the STEM approach. 
The problem is that most students understand either 
science or mathematics or science and mathematics 
(Desfitri, 2018). The demand for STEM education in 
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science learning is notable, particularly in physics, 
because this approach significantly impacts students' 
learning interests (Wahyu et al., 2020). STEM can also 
construct conceptual knowledge of natural science and 
mathematical principles, which is critical for technical 
and technological skills (Yata et al., 2020). The most 
compelling part of STEM is that it can prepare students 
to face the global economic challenges in the 21st century 
(McGunagle & Zizka, 2020).  

These reflections play a significant role in the 
importance of the STEM approach in university teaching 
and learning, as tertiary education (specifically in 
physics education study program) must prepare 
students for a wider range of challenging course 
material, such as the Introduction to Quantum Physics 
course. This course mainly consists of potential variation 
and one-dimensional Schrödinger equation as a 
prerequisite for students to advance to the next level of 
understanding. The content of potential variation 
intersects with all four aspects of the STEM approach 
and also opens the opportunity to include engineering 
and technology aspects as part of learning. An identical 
previous study proves that the learning materials with a 
STEM integration approach create more meaningful 
learning than the common materials (Riandry et al., 
2017). By reflecting on the previous study, this research 
implies the purpose of creating the teaching material for 
STEM-based Introduction to Quantum Physics course 
materials to make learning more sustainable and 
meaningful for students in physics education.  
 

Method  
 

This research was development-based 
(development research), as this study aimed to produce 
a new product and improve the existing product (Linda 
et al., 2018). This development research modified the 
Rowntree development model, which mainly consists of 
three stages: planning, development, and evaluation. 
The Rowntree model indicates a product/output-
oriented model, mainly to make accurate and practical 
teaching material (Nisa et al., 2020). Furthermore, during 
the evaluation stage, Tessmer's formative evaluation 
model will be used, which consists of four steps: (1) self-
evaluation; (2) expert review; (3) one-to-one evaluation; 
(4) small group evaluation (Akhsan et al., 2020). This 
evaluation stage does not include a field test because this 
study only investigates the validity and practicality 
without going further to find the effect of the 
implementation. For more details, see Figure 1. 
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Figure 1. The research process  

 
Data Collection Techniques 
Walkthrough 

The walkthrough is a validation process involving 
experts to develop an initial product (Prototype 1). This 
expert validation includes content, design, and language 
validation. At this stage, we collect the data using a 
validation sheet, aiming to compile expert responses and 
suggestions as the basis of the initial product. 
 
Questionnaire 

At this stage, we used a questionnaire to determine 
the students' opinions about the practicality of using the 
STEM-based module (teaching materials). This 
technique was used at the one-to-one (three students) 

and small group evaluation stage (nine students) with 
suggestions and comments from the students chosen for 
each stage. We chose the students from three groups: 
upper, median, and lower level. Their suggestions and 
comments will reflect on the product's current quality, 
and later, we improve the content based on those 
suggestions and comments. 
 
Walkthrough Data Analysis 

The analysis of the collected data from a 
walkthrough stage later became an input for 
improvement in the module (teaching material). We 
used the Likert scale: 1 to 5, one represents the worst 
scale, and 5 represents a perfect quality. This Likert scale 
aims to represent the range of overall validity. The 
module validity is calculated using EVR (Expert 
Validation Results) (Wiyono, 2015). 
 

𝐸𝑉𝑅 =  
𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒

𝑚𝑎𝑥 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑠𝑐𝑜𝑟𝑒
𝑥 100 %    (1) 
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with categories shown in table 1 as follows. 
 
Table 1. Category Validity Level 
Percentage (%) Category 

86 ≤ EVR ≤ 100  Very Valid 

70 ≤ EVR < 86  Valid 

56 ≤ EVR < 70  Less Valid 

EVR < 56  Invalid 

 
Questionnaire Data Analysis 

The results from the one-to-one and small-group 
evaluation stages are used to quantify the practicality of 
the overall prototype. Similar to obtaining the validity 
data, in this process, we also used the Likert scale to 
measure students' opinions based on the current module 
prototype. We converted the quantified questionnaire 
data to a percentage to investigate the practicality of the 
module (Wiyono, 2015). 

 

𝐻𝐸𝑂𝑆 =  
𝑄𝑢𝑒𝑠𝑡𝑖𝑜𝑛𝑛𝑎𝑖𝑟𝑒 𝑠𝑐𝑜𝑟𝑒

𝑄𝑢𝑒𝑠𝑡𝑖𝑜𝑛𝑛𝑎𝑖𝑟𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒
𝑥 100 %   (2) 

 
with categories shown in table 2 as follows. 
 
Table 2. Category Level of Practicality 
Percentage (%) Category 

86 ≤ HEOS ≤ 100  Very Practical 

70 ≤ HEOS < 86  Practical 

56 ≤ HEOS < 70  Less Practical 

HEOS < 56  Not Practical 

 

Result and Discussion 
 
Planning and Development Stage Results 

The planning stage commences through demand 
analysis (Akhsan et al., 2020). We conducted the demand 
analysis through informal interviews and questionnaire 
distribution to physics education of the Faculty of 
Teacher Training and Education of Sriwijaya University 
students of the 2014 cohort. This demand analysis aims 
to acknowledge the initial conceptualization of STEM 
conception (Hang, 2021).  Based on the result of demand 
analysis, we found that the Introduction to Quantum 
Physics course is considered one of the most difficult 
courses for students; hence, there is a demand for STEM-
based teaching material (module) development to assist 
students in learning the course. As the main part of the 
Introduction of Quantum Physics course consists of the 
sequence of potential variation content, we decided to 
create the STEM-based module for the potential 
variation topic.  

The syllabus analysis, indicators, and learning 
objectives are strengthened in the development stage. 
This process also aims to ensure the quality of the 
teaching materials in tertiary education (Schiering et al., 
2023) and represents the implementation process of the 

STEM approach (Nasrudin et al., 2020). At this stage, we 
also developed the outline of the contents and the 
overall design as an initial product development (Jambi, 
2019). 
 
Evaluation Stage Results 

Based on the validation results in the Expert Review 
stage, the validity results are shown in Table 3. Table 3 
shows that the EVR score (Expert Validation Results) is 
88.1% (very valid category). Meanwhile, in the one-to-
one evaluation stage, the HEOS value is 88.6%, and in 
the small group stage, the HEOS value is 93.0%. Thus, 
the module development is very practical. 

 
Table 3. EVR Recapitulation 
Expert Validation Results Score 

Total content validation score 180 
Total design validation score 52 

Total language validation score 41 

Total Score 273 
Maximum Total Score 310 
EVR 88.1% 

 
Based on the overall result, the STEM-based 

module and learning approach may create meaningful 
understanding (Kocakaya & Ensari, 2018; Michaluk et 
al., 2018). This objection is aligned with tertiary 
education's goal, where teaching and learning content 
should be more contextual (Ozcan & Gercek, 2015) and 
facilitate knowledge construction through learning 
varieties (Aalto & Mustonen, 2022; Ozkizilcik & 
Cebesoy, 2023) to enhance information-seeking skills 
(Reuter & Leuchter, 2023). "The current role of 
universities is not exclusively to train professionals, but 
also competent citizens able to face future environments 
and contexts demanded by new societies" (Hernández 
del Barco et al., 2022). This notion implies that the 
development of STEM-based modules might facilitate 
students to face the 21st-century workforce (Rifandi et 
al., 2020; Fakhrudin et al., 2021; Wu & Li, 2023) through 
vocational interests based on six aspects: Realistic, 
Investigative, Artistic, Social, Enterprising, and 
Conventional (Hartmann et al., 2022). Thus, there is also 
a need to transform the university learning to reinforce 
STEM practice (Jun-On & Kaya, 2021). 

 
Conclusion  

 
Based on the research results on developing a 

STEM-based introduction to quantum physics module 
on the sub-subject of potential variations, it can be 
concluded that the final product of the module is 
considered very valid based on validation by experts at 
content/material and module design. This result can be 
seen from the overall EVR value at the expert review 
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stage of 88.1 % (very valid). This module is also very 
practical in terms of utilization of the module. Based on 
the one-to-one evaluation stage results, the research 
shows that the student's impression of using this module 
is 88.6% (very practical). In addition, at the small group 
evaluation stage, the results of student responses using 
the module based on HEOS is 93.0% (very practical 
category). Thus, based on the results of the one-to-one 
evaluation and small group evaluation, it can be stated 
that the STEM-based introduction to quantum physics 
module on the subject of potential variations has been 
tested for its practicality. Therefore, a STEM-based 
introduction to the quantum physics module on 
potential variations in the Physics Education Study 
Program of Sriwijaya University has been produced and 
proven valid and practical. 
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