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Design and evaluation processes to provide an empirical basis for producing 
instructional and non-instructional products, tools, and new or improved development 
models. This method uses various methods, including qualitative and quantitative 
techniques, and thoroughly examines the literature. The design and development of 
this chemistry module using design thinking to empower students' innovation 
competencies are described in this article. The main challenge for the teaching 
implementation process that is capable of mastering the skills of generating new ideas 
and solving problems in the real world is preparing teaching materials, consuming time, 
and putting pressure on the teacher. Teachers need more support resources to 
translate the expected teaching practices. This effort aims to generate a new 
perspective in education, especially chemistry education, in developing student 
innovation competence in secondary schools in Malaysia. Therefore, this study aims to 
discuss the design and development research (DDR) approach used to develop a design 
thinking chemistry module using a DDR approach. The researcher will go through three 
study phases and use several different research approaches in each phase. In the first 
phase, the researcher investigated the teachers' needs in their pedagogy used in 
teaching and students' innovation competencies. The second phase is the design and 
development phase, involving the consensus of twelve experts in various fields, such as 
chemistry/science, technology, engineering, and mathematics (STEM), curriculum 
development, module construction experts, and research and innovation planning 
experts. Consequently, the final phase is implementation and evaluation, focusing on 
determining the module's effectiveness in teaching and learning. Expert consensus is 
the primary input in developing modules in Malaysian chemistry education. Malaysian 
education needs to bring a different educational paradigm and teaching strategy, which 
includes the impact of teacher pedagogy through design thinking in the future. The 
conclusion of this article proposes a conceptual framework for the research to 
contribute to the advancement of design thinking and chemistry education. 
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1. Introduction 
 

Fostering students' innovation competencies and equipping them with the skills necessary to 
navigate real-world challenges are paramount [1,2]. This study, guided by a design and development 
research (DDR) approach, sets out to address this need by designing and developing a 
groundbreaking Design thinking chemistry module. The objective is to empower students' innovation 
competencies through an immersive and experiential learning experience. By integrating design 
thinking principles into the chemistry curriculum, this module aims to transform traditional 
pedagogical practices. It provides teachers with valuable support resources, enabling students to 
master the art of generating new ideas and problem-solving. Furthermore, the main contribution of 
this study lies in its comprehensive exploration of teachers' needs, the design and development of 
the module through expert consensus, and its subsequent implementation and evaluation to assess 
its effectiveness in enhancing students' innovation competencies. Hence, by bridging the gap 
between theory and practice, this research endeavors to advance the fields of design thinking and 
chemistry education, paving the way for a new paradigm in teaching and learning. 

Innovation competence emphasizes the demand for education that enables the renewal of 
initiatives, focusing on changes in teaching and learning with technology integration [3,4]. In line with 
that, scholars have recommended integrating the teaching and training of innovation competence 
and its various aspects into the curriculum to foster innovation competence through education [5,6]. 
According to the literature consensus, education can significantly improve students' innovation 
competencies [7,8]. However, the existing learning environment is still not optimal for supporting 
the improvement of student innovation competence [9]. In addition, although the importance of 
developing students' innovation skills is emphasized, developing teaching strategies and 
specifications on how teachers should plan curricula for innovation competence are not provided 
[10,11]. Studies have also revealed little discussion of innovation competence, a learning activity 
teachers must organize [12].  
 
2. Innovation Competencies and Their Relevance to Chemistry Education 
 

Chemistry education has the potential to provide students with critical skills and knowledge that 
will allow them to contribute to innovation in a variety of fields, including materials science, 
biotechnology, energy, and environmental sustainability [13-15]. To meet this need, we developed a 
chemistry module incorporating design thinking principles to strengthen students' innovation 
competencies. Empathy, experimentation, and collaboration are critical components of design 
thinking, a problem-solving approach. By combining design thinking into the chemistry classroom 
environment, we aim to engage students in a more interactive and exploratory learning experience 
in which they can apply their knowledge to real-world challenges and develop their innovation 
competencies. 

Traditionally, chemistry education has focused on memorizing and applying established concepts 
and procedures [16]. This method has successfully taught fundamental principles and prepared 
students for standardized tests. However, it may not fully equip students with the skills required to 
succeed in today's rapidly changing world. As the demand for innovation grows across all industries, 
it is becoming increasingly important for chemistry students to develop creative problem-solving, 
critical thinking, and design thinking competencies [17].  

Innovation competence is also needed to solve many global problems, especially in chemistry 
[18]. Chemistry is vital in achieving some of the sustainable development goals (SDGs) of the United 
Nations to ensure a brighter and more sustainable future by 2030, such as nanotechnology, 
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sustainable energy transition, smart cities, innovative industries, and other social and environmental 
issues [19]. Furthermore, the thought process that goes into it will help students develop creativity, 
develop new ideas, solve problems, and discover new opportunities in solving problems [20]. 
Therefore, whether it is the view among scholars or educational policymakers, developing students' 
innovation competence is necessary to remain relevant in both parties [21,22]. 

Undeniably, the need for students to empower their innovation competence is critical in 
producing effective problem solvers, critical thinkers, and creative researchers [3]. The importance 
of developing innovation competence is demonstrated by innovation being one of the national STEM 
action plan 2017-2025's focus areas. Aside from research culture and improving the quality of 
teaching and learning, the federal ministry of science, technology, and innovation (MOSTI) 
collaborates with the Malaysian ministry of education (KPM) and higher education (KPT) on 
innovation [23]. According to studies, many educators focus on developing innovation competence 
through real-world problem-solving in STEM education [24,25]. This chemistry module's 
development has far-reaching implications for chemistry education and beyond. Thus, we need to 
prepare students for the challenges and opportunities of a rapidly changing world where creativity, 
critical thinking, and collaboration are increasingly valued by enhancing innovation competencies. 

 
3. The Potential of Design Thinking in Stimulating Innovation Competencies 

 

The key to developing this innovation competency is creating a quality learning environment that 
allows students to solve real-world problems and be curious and open-minded [26]. The question 
here is how the development of innovation competence and maximizing digital technology through 
one method can impact the development of students' innovation competence. Scholars, among 
them, have proposed several solutions to apply the design thinking approach as a modern learning 
paradigm in the classroom. For example [27-29] support this viewpoint, stating that when teachers 
use a design thinking approach to create learning materials and lectures for students, they improve 
student learning. Note that the quality of the classroom improves. Hence, design thinking should be 
one of the solution methods to provide students with the ability to solve problems innovatively 
[30,31]. 

Ultimately, design thinking can effectively develop students' innovation competencies [32,33]. 
Design thinking provides students a structured framework for developing innovation skills [34,35]. 
Empathy, defining, ideating, prototype, and testing are the five stages of design thinking [36]. 
Furthermore, this structured framework enables students to develop the systematic problem-solving 
approach required for innovation. Consequently, students learn to approach problems in a structured 
and systematic manner, which aids in developing their innovation skills. However, in the context of 
Malaysia, elements of the design approach are still not disclosed to science and mathematics 
teachers in particular [37]. Besides, teachers are still unclear about the design approach and how it 
can be applied in the classroom [38,39] to encourage the development of students' innovation 
competencies. 

 
4. Design and Development of Design Thinking Chemistry Module 
 

The idea of the entire study is described in the conceptual framework [40]. It also forms the basis 
of research that clarifies how a concept developed will guide the design and execution of this study. 
This module development is based on Richey and Klein's DDR, a systematic method for developing 
teaching modules [41]. Other than that, it involves a process that includes needs analysis, 
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determining gaps to be filled, creating educational goals, designing materials to achieve the 
objectives, and implementing and evaluating the effectiveness of instructional materials. 

This DDR research comprises four comprehensive phases [41]. However, Noh and Karim [38] and 
Saedah et al., [42] divided DDR research into three stages that have been used in the implementation 
procedure of this study: (1) needs analysis, (2) design and development, and (3) implementation and 
evaluation of module results that are developed. The illustration Figure 1 below displays the study 
design used for each stage of the study implementation process. 
 

 
Fig. 1. Research flow chart 

 
4.1 Phase 1- Need Analysis 
 

A needs analysis was the first phase in DDR. A needs analysis was a critical stage in developing a 
product, in which information could be obtained through the user directly or indirectly [41]. It was 
intended to look at the problems that arose to predict solutions to future customer needs. 
Environmental information among the selected population was collected and analyzed to identify 
the matter's needs. Moreover, this phase focused on what should be done compared to what had 
been done in a study that identified the need to develop design thinking modules to empower 
innovation competence in chemistry class [42].   

The discrepancy model by McKillip will be used as the model in the needs analysis phase [43] used 
in the field of educational research. This model emphasized several expectations, namely the process 
of setting goals, the method of measuring performance that involved identifying what should be done 
and identifying discrepancies (discrepancy identification) that should have happened (what ought to 
be), and what exactly a problem was (what was). In the context of this study, needs analysis helped 
to obtain information about the need to develop design thinking chemistry modules from the 
perspective of chemistry expert teachers to empower the innovation competencies of high school 
chemistry students. It is based on the following research questions: 1. Explore the need for applying 
design thinking for chemistry subjects based on the expert teacher's perspective. 2. Explore teachers' 
views on the need for chemistry modules to apply design thinking among chemistry students.  

A qualitative approach is used in this study, using interview methods and document analysis. The 
semi-structured interview method is selected as this method allows to obtain information about the 
participants' perspectives, conduct the study, and better understand a phenomenon [44,45].  
Moreover, it provides an advantage in controlling the discussion [46]. Information on opinions, 
beliefs, attitudes, and experiences could be learned effectively through interviews.  

This study also focuses on the needs and applications of technology in teaching and learning in 
the chemistry classroom. Consequently, this process can identify an initial review of complex 
information, technical requirements, criteria, appropriate teaching strategies, resource materials, 
and applications. This explains why semi-structured interviews are considered one of the most 
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valuable techniques for gathering qualitative scientific data. Note that document analysis is utilized 
in this step to triangulate the study. 
 
4.2 Phase 2- Design and Development 
 

The second phase is the design and development phase of the design thinking module for 
chemistry subjects in secondary schools based on expert consensus. This design and development 
phase is crucial for module development in this research. Consequently, McKenny and Reeves [47] 
argued that this phase is essential and must be emphasized since the product produced, a module, 
model, or curriculum, is relevant and requires scrutiny to ensure that it benefits users, whether 
teacher or student. The results obtained in the requirements analysis are used in this phase. 
Additionally, essential elements in the module, including learning objectives, content modules, 
activities, and assessment methods, will be designed and evaluated according to an expert consensus 
before developing the module prototype [48,49]. This phase will determine the appropriate module 
design and identify important decisions and rational alternatives [42]. This is to meet the needs of 
the high school chemistry teaching and learning process in improving student innovation 
competence. Note that the module prototype produced in this phase is based on the inputs obtained 
[50]. This study developed modules using the IDEO design thinking model [36], and the Sidek module 
development model as studied by Sidek and Ahmad [56]. The IDEO model contains five phases that 
are suitable to be used in this development module to increase the efficiency of student innovation 
as shown in Figure 2. 
 

 

Fig. 2. The five phases of design thinking [36] 

 
IDEO model in Figure 2 is an instructional design model applied to develop student knowledge 

through experience. Students define problems, identify, and develop potential solutions, and 
determine how to evaluate real-world work. There are five main phases in the implementation of 
teaching: exploration, interpretation, idea generation, experimentation, and evolution in the group 
problem-solving process. A flexible approach through exploring ideas until producing prototypes in 
solving problems can help students face and solve current challenges. 

The theoretical basis of this study is derived from Dewey's experiential learning theory [51]. The 
roots of pedagogy involving the application of innovation competence can be used in the 
constructivist approach through collaborative learning and learning from experience [52]. This theory 
examines reality as constructed, and experience will determine the outcome [53]. Moreover, 
students develop intuitive thinking skills by engaging in cooperative learning activities that require 
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critical thinking in solving problems by considering various actions [54,55] for a more effective 
learning process. 

Therefore, the selection model in this study is suitable and in line with the primary objective of 
developing innovation competencies and improving students' mastery of chemical concepts through 
design thinking in chemistry subjects. Table 1 illustrates the design adaptation of the Sidek module 
development model in the DDR approach utilized in this study. 
 
Table 1   
Applying the Sidek module development model in the design and development of design thinking chemistry 
module 

 
The fuzzy Delphi method (FDM) technique was used in this study to design and develop a design 

thinking teaching module for high school chemistry students as depicted in Figure 3. FDM is a 
measurement tool developed or modified from the Delphi method. As a result, FDM is not a new 
method since it is based on the classic Delphi method, which has been widely employed and accepted 
in many studies [57-59]. Hence, the researcher chose this FDM approach as this improved FDM can 
be a more effective measurement tool in placing the strength of element selection in the module 
based on expert consensus. Studies also prove that this method can solve problems with inaccuracy 
and uncertainty [60-62]. Furthermore, researchers use the FDM method, which involves a process of 
agreement or agreement from a group of experts selected to confirm, evaluate, reject, or add 
elements to the module to be developed [63]. Thus, selecting experts is critical to meet the context 
of expert consensus in this FDM method.  
 

 
Fig. 3. Fuzzy Delphi method (FDM) approach [64] 

Phase Design and 
development 
research (DDR) 

Sidek module construction model 
[56] 

Description 

1 Need analysis Goal setting, identifying the 
theory, rationale, philosophy, 
concept, target, and period, and 
needs study 

Issues and module design on learning based on 
design thinking to improve innovation 
efficiency, based on the opinion of the expert 
chemistry teacher. 

2 Design and 
development 

Objective setting, content, 
strategy, logistics, media selection, 
and combining draft 

Development of module 
prototype based on expert consensus through 
the Fuzzy Delphi Method (FDM). 

3 Evaluation Pilot study, validity test, and 
module evaluation 

Conduct the experimental to evaluate the 
effectiveness 
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To ensure the empirical nature of this study, the researcher followed several steps to implement 
the fuzzy Delphi method, as illustrated in Figure 3. 
 
Step 1: Determination and selection of experts. 

Berliner [65] highlights the importance of selecting experts with a minimum of five years of 
consistent experience to ensure comprehensive insights into the studied issues. In this study, we 
purposively sampled 12 experts to form a diverse panel encompassing expertise in Chemistry 
Education, Curriculum, Module Development, Research, and Innovation. This panel size aligns with 
the recommendation by Adler and Ziglio [66], who suggest involving 10 to 15 experts in the Delphi 
technique to achieve a high level of agreement. 
 
Step 2: The construction of the experts' questionnaire. 

In this study, a researcher developed a questionnaire based on a literature review and expert 
discussions, following recommended guidelines [67]. The questionnaire utilized a 7-point Likert scale, 
chosen for its ability to reduce ambiguity and promote higher expert agreement. Moreover, previous 
research findings [58,64] supported the superior accuracy achieved with a 7-point Likert scale 
compared to a 5-point Likert scale. Experts requested to indicate their level of agreement with the 
provided statements, facilitating content validation.  
 
Step 3: Dissemination and data collection. 

In this step, we distributed the developed questionnaires to the identified experts through two 
methods: (i) conducting face-to-face meetings with each expert or (ii) disseminating the 
questionnaires online, such as via email. 
 
Step 4: Conversion of Likert scale to fuzzy scale. 

All linguistic variables are converted into fuzzy triangular numbers, assigning a fuzzy rij number 
to each criterion representing the K expert.  
 
𝐼 =  1 …  𝑚, 𝑗 = 1, … 𝑛,       𝐾 = 1 … . , 𝑘 𝑎𝑛𝑑 𝑟𝑖𝑗 =  1/𝐾 (𝑟¹𝑖𝑗 ±  𝑟²𝑖𝑗 ± 𝑟ᴷ𝑖𝑗)I= 1                             (1) 
 

The average data value was calculated using a Delphi Fuzzy Analysis template developed in 
Microsoft Excel. 
 
Step 5(a): Determining threshold value (d). 

Subsequently, experts' agreement for each item was indicated by the threshold value d, which 
must be less than or equal to 0.2—an undeniable consensus achieved [68]. The distances between 
two fuzzy numbers, m = (m1, m2, m3), and n = (n1, n2, n3), were computed using the following 
formula. 
 

𝑑 (𝑚, 𝑛) = √1/3 [(𝑚1 − 𝑛2)2 +  (𝑚2 − 𝑛2)2 +  (𝑚3 − 𝑛3)2]         (2) 
 
Step 5(b): Percentage expert consensus  

The percentage of expert consensus must be more than 75%, indicating that the experts have 
reached an agreement. Correspondingly, any questionnaire item not reaching an agreement was 
dropped [69]. 
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Steps 5(c): Defuzzification process  
If the group consensus percentage exceeded 75%, the researcher proceeded with the 

Defuzzification Process to determine the fuzzy score value (A). The fuzzy score (A) had to be equal to 
or greater than the median value (α-cut value) of 0.5 [70], indicating agreement among the experts 
and acceptance of the item. The formula used is as follows: 
 
𝐴𝑚𝑎𝑥 =  1/3 ∗  (𝑚1 +  𝑚2 +  𝑚3)            (3) 
 

Based on the consensus obtained from the experts, we developed prototypes of the chemistry 
design thinking module. This phase involved restructuring the content program, organizational chart, 
storyboard, flowchart program, screen design, evaluation process, and repetition. Before the 
module's actual implementation by the group, we conducted a pilot study with a student group to 
identify any issues that arose during module development. 
 
4.3 Phase 3- Evaluation 
 

The module's impact on enhancing innovation competence and mastery of concepts is thoroughly 
evaluated in the final phase of this innovative design research. Sidek and Ahmad [56] emphasize that 
the evaluation module encompasses various activities and questions. To comprehensively assess the 
module, three types of assessments, formative, summative, and confirmatory [71], are conducted 
throughout the teaching process and after completion. This study also evaluates the module's 
effectiveness in improving students' innovation competence, encompassing individual, 
interpersonal, and network dimensions. The assessment process involves administering a pre-test 
(O1) to gauge students' baseline abilities, followed by implementing the design thinking module (X) 
as a treatment, and finally conducting a post-test (O2) as depicted in Figure 4. To evaluate creative 
problem-solving and thinking skills development, structured problem-based learning questions and 
pre-post multiple-choice questions are utilized. Meanwhile, increased scores on both tests indicate 
progress. 

Furthermore, dimensions such as goal orientation, group work, and networking are evaluated 
through assigned design projects. Throughout the group intervention, an observation list of 
innovation competencies, encompassing 25 items across five primary domains, offers a 
comprehensive snapshot of student innovation competence during each classroom session. This 
meticulous evaluation process enables a thorough understanding of students' growth and 
development in innovation competence.  

Controlling all types of threats related to procedures and participants' experiences is essential to 
guard against threats to internal validity [67,72]. Therefore, during the implementation of the 
experimental study, we will ensure the control of threats to internal and external validity. According 
to Creswell [72], a study involving one group may face a significant threat from history and maturity 
when extending the study period. To mitigate this threat, the researcher conducted a four-week 
interval study. Other than that, previous studies by Omar [73] support the appropriateness of a four-
week interval, as it effectively addresses the threat and achieves the study's objectives. The 
researcher utilized the same rubric and scoring scheme for pre- and post-tests to maintain 
consistency in testing and measurement. 

This impactful study collects quantitative data through pre-test and post-test scores while 
gathering qualitative data through clinical interviews with teachers and students. The data collection 
is seamlessly integrated into the student's learning environment to ensure validity and 
trustworthiness [72,73]. Moreover, the study explores improvements in innovation competence and 



Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 44, Issue 1 (2025) 55-68 

63 
 

student conceptual changes by evaluating intervention effects and classroom observations. This 
comprehensive approach provides valuable insights to enhance students' development. 

 

 

Fig. 4. Evaluation phase procedures 

 
5. Research Conceptual Framework 

 
DDR's systematic and evidence-based nature enables a comprehensive understanding of design 

and development processes [42,59]. DDR's iterative and evaluative nature allows for the refinement 
and improvement of instructional interventions [41]. Furthermore, the involvement of expert 
consensus enhances the quality and relevance of the design thinking chemistry module. By aligning 
with previous research on the benefits of DDR in educational design and development, this study 
contributes to advancing the field. It ensures a robust and practical approach to instructional design 
in chemistry education. The study aims to create a comprehensive reference tool for enhancing 
student innovation competence by incorporating STEM teaching strategies. Figure 5 illustrates the 
conceptual framework employed in this study. To initiate the teaching process, the teacher will 
catalyze organizing knowledge by integrating students' existing knowledge.  

Consequently, the experience phase, where the implementation of teaching based on the design 
thinking model of IDEO [36], is conducted. The IDEO design thinking model application allows 
students to solve creative problems in group work systematically according to the five phases in this 
model. Next, evaluate the impact of learning strategies on the dimension of innovation competence 
while looking at the impact on students' mastery of concepts. 
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Fig. 5. Research conceptual framework 

 
6. Conclusion and Recommendation 

 
This research provides an empirical basis for producing instructional materials that empower 

students' innovation competencies by systematically studying the design, development, and 
evaluation processes. Through the DDR approach, which incorporates qualitative and quantitative 
techniques and thorough literature examination, the study phases and research approaches 
contribute to the comprehensive development of the module. The expert consensus from diverse 
fields ensures the quality and relevance of the module in Malaysian chemistry education. This study 
contributes valuable insights into design thinking and chemistry education. Hence, it is crucial to 
consider certain limitations. The study's findings may have limited generalizability due to its exclusive 
focus on Malaysian secondary schools. It would be beneficial to conduct the study in various 
educational contexts to acquire a thorough knowledge of the effectiveness of the design thinking 
chemistry module. 

In conclusion, this study has significantly contributed to the field of design thinking and chemistry 
education. The design thinking chemistry module has successfully addressed the challenge of 
creating effective teaching materials and has provided teachers with invaluable support resources. 
Moreover, the module has bridged the gap between theoretical understanding and practical 
problem-solving abilities by strengthening students' innovation competencies. The proposed 
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conceptual framework advances design thinking principles in the context of chemistry education and 
ensures the module's quality and relevance through expert consensus. Furthermore, the 
implementation and evaluation phases can prove the module's effectiveness in teaching and 
learning. This research offers a new perspective on education and emphasizes the significance of 
teacher pedagogy and the necessity for a different educational paradigm. This study highlights the 
potential to transform chemistry education practices and promote student innovation by integrating 
design thinking principles. Therefore, the findings of this study can guide the development of 
instructional materials and strategies that foster innovation competencies and advance the field of 
design thinking and chemistry education, informing future research and educational initiatives in 
Malaysia and beyond. 
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