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Abstract. As the importance of science, technology, engineering, and 

mathematics (STEM) grows in this digital era, STEM education in higher 

education is becoming increasingly crucial. This study aims to develop a STEM 

textbook integrated with Project-Based Learning (PBL) based on the perspective 

of prospective mathematics teachers. The method used was preliminary research, 

the defining stage of Thiagarajan's 4D development model. Data were collected 

through a questionnaire with 96 prospective mathematics teachers. The results 

showed that prospective mathematics teachers positively perceive PBL and see 

it as an effective teaching strategy to increase student engagement, conceptual 

understanding, and problem-solving skills in STEM education books. This 

research makes an important contribution to the development of innovative and 

effective STEM teaching materials. STEM textbooks integrated with PBL are 

expected to assist prospective mathematics teachers in implementing PBL in their 

classrooms and improve the quality of STEM education in Indonesia. 

Keywords: STEM, Project-Based Learning, Prospective Teacher, Mathematics 

Education, STEM Education Book. 

1 Introduction 

STEM education has been the focus of many curricula in recent years [1–5]. This 

education emphasizes the integration of four subjects: Science, Technology, 

Engineering, and Mathematics (STEM) to engage in real-life problem-solving [5–8]. 

Additionally, STEM education is crucial because it enhances students' creativity, 

problem-solving, and critical thinking skills [5], [9–15]. Moreover, STEM education 

helps students develop new mindsets that govern their thinking and behavior. It helps 

students develop the knowledge, attitudes, and skills necessary to face global 

challenges [4], [5], [11]. These changes result in a need for STEM workers, which 

indicates the necessity for STEM education, teachers, and students [12]. 

STEM education has become essential because it develops the skills and knowledge 

needed in the era of globalization [4], [5], [11]. As technology advances, students must 

deeply understand science, technology, and mathematics [7]. One of the ways that 
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mathematics student teachers learn STEM is through books. However, existing STEM 

education books often focus on science, especially physics education, as seen in the 

development of the Integrative Scientific Thinking (ISCIT) STEM education book and 

the Monograph Book on the Development of STEM-Based Physics Prototypes in 

Learning to Train Students' Creative Thinking Skills in the Era of the Industrial Revo-

lution 4.0. STEM books often focus on science, technology, and engineering, while 

mathematics is a supporting subject [5], [7]. Therefore, there is an urgent need for a 

STEM education book that specifically focuses on teaching mathematics through 

STEM projects. Such a book would help prospective mathematics teachers develop the 

creative and innovative thinking skills needed in the modern workplace and ensure they 

have a holistic approach to teaching in the Industrial Revolution 4.0 era. 

An integrated and project-based STEM education book can provide a more enjoya-

ble and meaningful learning experience for mathematics education students [8], [14]. 

Using this approach, mathematics education students can connect the mathematical 

concepts taught to real life to understand better and express their knowledge [5], [8]. 

Integrated and project-based textbooks can also help students develop critical, creative, 

and innovative thinking skills needed in the modern world of work [14]. 

In this study, preliminary Research and Development (R&D) research will be con-

ducted by evaluating the perspectives of mathematics education students regarding the 

STEM education books they expect. Then, the collected data will be used to construct 

materials and examples related to the mathematics learning context to develop a tech-

nology-integrated and project-based STEM education textbook. We hope that this text-

book can help mathematics education students develop the skills and knowledge needed 

in the era of globalization and assist teachers in achieving better STEM education goals. 

2 Method 

2.1 Research Design 

This study utilizes the R&D method. It is a method used to produce specific products 

and test their effectiveness. Furthermore, it is also defined as a process to develop a 

new product or improve existing products, which can be accounted for. The products 

resulting from research and development aim to increase the educational productivity 

of the education profession. Therefore, the research and development used in this study 

is the 4D model: Define, Design, Develop, and Disseminate (See Fig. 1). The main 

objective of the research is to develop, implement, and evaluate the design of textbooks 

in STEM Education courses. 

In the Define stage, researchers analyzed the needs and objectives in developing 

STEM Education textbooks based on Project-Based Learning (PBL) by analyzing pro-

spective teacher students' perspectives and relevant projects. The Design stage involves 

designing a textbook structure that supports PBL, integrating STEM concepts, design-

ing learning projects, developing PBL methods, and determining appropriate evaluation 

methods. At the development stage, the coursebook was validated by STEM education 

and PBL experts to ensure quality and relevance, and revisions were made based on 
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expert input. The Disseminate stage focuses on disseminating the coursebook to stu-

dents, lecturers, and related parties to ensure effective use in the educational curricu-

lum. In this study, the perspectives of mathematics education students regarding the 

expected STEM book will be studied, as well as the initial design of the STEM educa-

tion book layout. 

 

Fig. 1. R&D methods of Thiagarajan [16] used in this study. 

2.2 Population and Data Collection Method 

STEM education is one of the courses taken and studied by students in science, engi-

neering and mathematics study programs. This research will show what is needed from 

the development of STEM education books by mathematics education students to be 

studied in the third year at certain universities in Indonesia.  

The data collection instruments used in this research are literature studies and ques-

tionnaires. A literature study was conducted to discover the problems of mathematics 

education students in STEM education. This will be followed by a questionnaire to get 

students' perspectives on ideal textbooks that can be used in the course as data collec-

tion at the preliminary research stage of this study. Data on mathematics education stu-

dents who took STEM education courses was collected for one semester. There are 96 

mathematics education students at a state university in Surabaya, Indonesia, which is a 

university that will produce future teachers in STEM fields. 

2.3 Data Analysis 

Data analysis techniques in this study were used to explore questionnaire data regarding 

what mathematics education students expect of the probable STEM education book. 

Data collection was done through a questionnaire designed to measure the needs and 

perspectives of students. Further, data collation, cleaning, and organization were done 

to ensure the accuracy and reliability of data. Then, prepared data were explored to 

understand its distribution, patterns, and relationships between variables. Statistical 

analysis was carried out to get an even deeper meaning of the data; therefore, an inter-

pretation of results that could help draw relevant meanings and implications was made. 

This questionnaire data analysis technique assisted the researcher in exploring students' 
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perspectives and providing better recommendations for the development of more effec-

tive and efficient STEM education books. 

3 Result and Discussions 

3.1 Prospective Mathematics Teacher’s Perception 

This research began with a preliminary study to understand prospective mathematics 

teachers' perceptions of the expected STEM education book. To achieve this goal, the 

researcher developed a comprehensive questionnaire instrument to evaluate six main 

aspects of STEM education books (See Table 1). 

Table 1. The aspect of STEM Education book’s evaluation. 

Aspect Criteria 

Content a) The appropriateness of the book's content to the STEM cur-

riculum and students' learning needs.  

b) The accuracy, depth, and relevance of the information pre-

sented in the book.  

Display a) Relevance of the structure and organization of the book 

content, including the order of chapters, subchapters, and 

topics.  

b) Clarity, ease of navigation, and coherence between book 

sections.  

Language a) The appropriateness of the language level used in the book 

to the student's abilities.  

b) Clarity, simplicity, and accuracy of vocabulary and gram-

mar usage.  

Graphic a) The quality and appropriateness of the images, diagrams, 

and graphs used in the book. 

b) The clarity, relevance, and effectiveness of visualizations to 

support understanding and learning. 

Technology a) The availability and ease of access to digital materials re-

lated to the book. 

b) The utility and effectiveness of digital platforms, such as 

videos, simulations, and interactive applications. 

PBL a) The alignment of the book with the project-based learning 

approach. 

b) The availability of PBL guides and activities in the book 

and their alignment with the curriculum and students' learn-

ing needs. 

 

By analyzing the results of this questionnaire, researchers can gain a deeper under-

standing of students' perceptions of the desired STEM education book. This infor-

mation can refine the book's design and development to better align with students' needs 

and preferences, enhancing its effectiveness in supporting STEM learning. 

The prepared questionnaire was given to mathematics education students who have 

taken STEM education courses. A total of 96 students completed the questionnaire re-

lated to the needs for the expected STEM education book. Table 2 contains the students' 
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needs analysis results for the STEM education book, reviewed from the perspectives of 

content, presentation, language, graphics, technology, and PBL. 

Table 2. Results of the questionnaire analysis related to the needs for STEM Education books. 

Aspect No Statement Percentage Score Interpretation 

Content 1 A good STEM Education 

book should include various 

topics, concepts, and their ap-

plications in mathematics ed-

ucation. 

87% Strongly Agree 

2 An ideal STEM Education 

book should include real-

world examples and case 

studies. 

93.5% Strongly Agree 

Display 

 

3 An ideal STEM textbook 

should use engaging visuals 

and illustrations. 

80.4% Strongly Agree 

4 An ideal STEM textbook 

should include interactive el-

ements like quizzes and 

games. 

75% Agree 

Language  5 An ideal STEM textbook 

should have a clear and con-

cise structure. 

78.3% Agree 

6 An ideal STEM textbook 

should provide clear and 

easy-to-follow instructions. 

93.5% Strongly Agree 

Graphic 7 Illustrations and graphics in 

STEM books should aid in 

understanding concepts. 

76.1% Agree 

8 An ideal STEM textbook 

should use graphics effec-

tively 

8.6% Strongly Agree 

Technology 9 An ideal STEM textbook 

should integrate with tech-

nology and digital tools. 

73.9% Agree 

10 Integrating technology into 

STEM textbooks enhances 

the learning experience. 

82.6% Strongly Agree 

PBL 11 STEM books should support 

project-based learning by 

providing practical tasks. 

83.5% Strongly Agree 
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Aspect No Statement Percentage Score Interpretation 

12 The STEM textbook used 

should involve student par-

ticipation in PBL projects. 

90.4% Strongly Agree 

 

Based on the questionnaire analysis regarding the ideal needs of students for STEM 

education books, several important points can be concluded. In terms of content, the 

majority of students strongly agree that a good STEM education book should cover 

various topics, concepts, and their applications in mathematics education (87%), and 

should include real-world examples and relevant case studies (93.5%). Regarding ap-

pearance/presentation, most students strongly agree that STEM textbooks should use 

attractive visuals and illustrations (80.4%) and should also have interactive elements 

such as quizzes and games (75%). In terms of language, students showed high agree-

ment that the ideal STEM textbook should have a clear and concise structure (78.3%) 

and clear, easy-to-follow instructions (93.5%). 

For graphics/illustrations, students agree that the illustrations and graphics in STEM 

books should help in understanding concepts (76.1%), and the graphics used should be 

attractive and informative (82.6%). Regarding the integration with technology, there is 

agreement that STEM textbooks should be integrated with technology and digital tools 

(73.9%), and such integration can enhance the learning experience (82.6%). Finally, in 

terms of PBL, students strongly agree that STEM books should support project-based 

learning by providing practical assignments (83.5%) and should involve student partic-

ipation in PBL projects (90.4%). 

From the Cronbach's Alpha reliability test results, the measurement scale of 0.770 

is greater than 0.70 (see Fig. 2). Therefore, it can be concluded that the measurement 

scale of the questionnaire on the desired textbooks in the STEM Education course has 

good reliability. Meanwhile, the item-total statistics results in Fig. 3 show that the items 

in the questionnaire do not need to be revised or deleted because the Cronbach's Alpha 

value if the item is deleted is greater than Cronbach's Alpha 0.770. 

 

Fig. 2. Results of reliability analysis with Cronbach’s Alpha. 
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Fig. 3. Results of item reliability analysis with Cronbach’s Alpha if items are deleted. 

3.2 The initial design of the STEM Education Book 

During the design phase of the research in designing interactive STEM education text-

books integrated with PBL, several steps have been taken to produce effective text-

books that meet the needs of the coursework. One of the most important deliverables 

of this stage is the readiness of the content structure for the STEM education textbook.  

In a review of the expectations of the prospective mathematics teachers regarding 

the textbook's content about STEM education, various key elements emerged as what 

should not be missing in the forthcoming textbook. The prospective mathematics teach-

ers insisted that there must be a clear and concise definition of STEM to form the basis 

of the textbook. The prospective teachers further emphasized that there is a need to be 

shown how the concepts of STEM would be applied in various disciplines by showing 

how STEM can be incorporated into subjects like science, technology, engineering, and 

mathematics. The texts should also discuss and analyze four models that are already in 

practice within STEM education, giving a comparative overview of the different ap-

proaches and methodologies adopted. Also, practical STEM applications in mathemat-

ics education are to be highlighted with specific examples and suggestions for the infu-

sion of STEM topics in mathematics lessons. The aim of this approach is to equip future 

educators with the necessary knowledge and tools for teaching STEM subjects in a 

multidisciplinary manner. 

The first part of the textbook defines what STEM is. This section will be designed 

to synchronize the reader's understanding of what is meant by STEM education, ensure 

a common framework and prevent potential misunderstandings as they read the subse-

quent chapters. The reason it is important to establish such a collective understanding 

is that very advanced ideas, concepts, and their practical applications are introduced in 

the latter part of this book. Fairly straightforward, this chapter outlines not only defining 

STEM and its underlying concepts but also the development and historical understand-

ing that has shaped into what is currently being proposed as STEM education. It traces 

the origins and major milestone developments that occur along with key events and 

purveyors that shape and have shaped its contemporary form. This historical context 
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provides readers with a comprehensive understanding of how STEM education has 

evolved and its relevance in contemporary educational practice. 

The forthcoming textbook will be important in understanding the definition and 

basic concepts of STEM education. It shall be of utmost importance to understand basic 

principles that should underline the purpose of STEM education. Furthermore, the place 

of STEM education in the 21st century will also be discussed in the textbook to make 

sure readers can correctly understand STEM education and put it within a framework 

of contemporary educational practice. This will keep the readers focused and give them 

full appreciation for the relevance and applicability of STEM education in today's 

world. The textbook targets prospective mathematics teachers by equipping them with 

the knowledge and skills necessary in integrating the principles of STEM into their 

teaching practice. 

The second part of the book discusses how the approach of STEM is affected in 

various disciplines. The alignment of how such disciplines come into understanding 

requires common grounds on multidisciplinary issues that form the implementation 

baseline for STEM education. Such an alignment would allow readers to develop a 

perception of how the fields in the STEM subjects interlink among themselves and are 

also relevant to problems at hand that have to be overcome in reality. Moreover, this 

textbook will focus on the pedagogical approaches, particularly PBL, of teaching and 

learning mathematics underpinning the framework of STEM Quartet and the emphasis 

on problem-solving. Furthermore, SDG issues will be put forward in this context of 

Indonesia's latest curriculum, focusing on challenges such as climate change. This will 

make the textbook more relevant to existing SDG-related challenges, thus placing 

STEM education into a contemporary framework that can help resolve global chal-

lenges such as sustainable energy and quality education. Future editions of the book 

must be critically reviewed by a panel of external experts in STEM and mathematics 

education to ensure relevance and quality. It views STEM in the broadest sense, ena-

bling readers to understand its practical and effective application to key global chal-

lenges. 

The forthcoming textbook will include an overview of the STEM Quartet Model as 

part of the discussion on STEM education. This framework will be characterized by 

four key elements [17], which are as follows: The overarching process is that of prob-

lem-solving; the inclusion of complex, persistent, and extended real-world problems at 

its core; the establishment of connections between the disciplines, known as horizontal 

connections; and the integration of four disciplinary domains, comprising a lead disci-

pline, which is referred to as vertical learning. As STEM education emphasizes prob-

lem-solving processes in its instructional practices, it will be essential to provide a de-

tailed account of how problem-solving will be integrated into STEM education within 

this book. Furthermore, incorporating the STEM Quartet Model will require a compre-

hensive discussion of its sensitivity to issues pertaining to problems, solutions, and us-

ers. This comprehensive approach will ensure that readers gain an understanding of the 

practical applications and implications of the STEM Quartet Model in contemporary 

STEM education. 

The last part of the writing will focus on how to implement or integrate STEM edu-

cation, with an emphasis on mathematics education. This is because the textbook will 
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be given to prospective students in mathematics education. This session is expected to 

guide the instructors with detailed instructions on how a good learning plan is designed 

by considering STEM. It will outline the essential components of a well-planned STEM 

curriculum, including how the concepts of science, technology, engineering, and math-

ematics are to be seamlessly integrated into teaching mathematics. Besides the design 

of a learning plan, the creation of an assessment plan design is also necessary. It is, 

therefore, equally important to consider how to carry out assessments and on what basis 

in a learning environment based on STEM. The discussion will involve analyses of 

different assessment strategies, such as performance assessment, rubrics, and formative 

evaluation, so that the student learning outcomes are holistically gauged in the process. 

In addition, practical examples and case studies relevant to designing and assessing 

STEM-based learning will illustrate these explanations for the readers. These examples 

will serve to illustrate best practices and give concrete applications of the theoretical 

concepts discussed, thus helping future educators gain the tools and knowledge neces-

sary for the proper application of the principles of STEM education in their teaching 

practices. 

4 Conclusion 

The findings indicate that prospective mathematics teachers developed a very favorable 

attitude toward PBL and recognized that it enhances student engagement, conceptual 

understanding, and problem-solving skills in STEM education. These results are an im-

portant contribution to the development of innovative and effective resources for teach-

ing in the STEM disciplines. By integrating PBL in STEM textbooks, it is expected that 

prospective mathematics teachers can perform the strategy in the classrooms for the 

advancement of the quality of STEM Education in Indonesia. This study recommends 

the importance of subsequent research on the implementation of PBL in any educational 

scenario, such as in schools situated within underprivileged and rural settings or loca-

tions. Furthermore, developing more specific STEM teaching materials focused on par-

ticular topics could further assess the effectiveness of PBL across different STEM sub-

jects. Longitudinal studies measuring the long-term impact of PBL on critical thinking 

and creativity skills are also suggested. Other future research directions include inves-

tigating the effectiveness of teacher training programs in implementing PBL and en-

hancing these programs to support teachers better. It would also be helpful to research 

how PBL influences student engagement across different backgrounds and abilities and 

identify strategies for increasing active participation. 
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