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Chinese medical students lack innovation skills due to traditional teaching systems. To enhance 
innovation skills, the present study aims to develop a new learning model. This study develops 
an Imaginative Activity-Based Model by employing the Design and Development Research (DDR) 
approach to enhance Innovation for Chinese Medical Students. For the need analysis, data from 150 
students were surveyed and thereafter analyzed through SPSS. Whereas data from 9 experts were 
collected to develop the design of the DDR model. The Fuzzy Delphi Method has been employed to 
test the data. The findings of the first phase, through 6 experts, confirm the need for the development 
of this new model. Findings of the design phase through identified 19 activities confirm the design of 
the new model. The third phase of evaluation evidence through defuzzification values ranged from 
33.6 to 42.0, confirming the moderating level of experts’ agreement on the usability of the model. 
Finally, it should be concluded that this model has potential for developing innovation in Chinese 
medical students.
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In recent years, innovation has emerged as a strategic pillar in China’s national development agenda, necessitating 
the cultivation of a skilled workforce capable of driving forward this agenda1. As part of this broader vision, 
China has significantly reformed its medical education system. During the 2018–2019 academic year alone, 420 
institutions offered medical education programs, enrolling over 14,000 PhD candidates, 81,000 master’s students, 
and more than 286,000 undergraduates2. Despite this expansion, the dominant pedagogical model in Chinese 
medical schools remains rooted in traditional lecture-based approaches, which emphasize rote memorization at 
the expense of critical thinking and creative problem-solving3. In an era where healthcare demands are evolving 
rapidly, the ability to innovate is increasingly critical, not only for integrating emerging technologies but also 
for enhancing patient-centred care. Yet, innovation remains an underdeveloped competency within Chinese 
medical curricula4, underscoring the need for systemic educational reforms.

Several structural and institutional barriers hinder the development of innovation skills among Chinese 
medical students. These include inflexible curricula, limited opportunities for interdisciplinary collaboration, 
insufficient exposure to clinical innovation settings, and a shortage of faculty equipped to guide innovation-
related learning5. Findings from a recent multi-institutional study involving 35 students revealed that, while 
Innovation and Entrepreneurship Education (IEE) initiatives are available, they are often overly theoretical and 
disconnected from real-world medical practice6. Furthermore, disparities in funding and institutional support, 
particularly in lower-tier institutions, further limit students’ ability to engage meaningfully in innovation 
activities7. These challenges contribute to an educational environment where innovation is neither systematically 
taught nor institutionally prioritized.

Although existing research has examined individual components of innovation in medical education, such 
as entrepreneurial modules or collaborative learning strategies, much of the literature remains descriptive and 
lacks validated frameworks for skill development5. Moreover, few studies have employed rigorous expert-driven 
methods, such as the Fuzzy Delphi Method8, to systematically assess and structure innovation-related learning 
activities based on their educational value. A recent review of innovation interventions in Chinese medical 
institutions found that most programs were short-term, lacked empirical evaluation, and were not underpinned 
by robust pedagogical models6. Addressing these gaps, this study employs a Design and Development Research 
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(DDR) methodology to construct a structured learning model aimed at enhancing innovation competencies 
among Chinese medical students. DDR is particularly appropriate for educational research that seeks to both 
design practical solutions and evaluate their effectiveness within authentic learning environments. Unlike 
conventional theoretical or experimental approaches, DDR emphasizes iterative development, incorporating 
empirical data and expert input throughout the process. This is especially important in the context of educational 
innovation, where proposed interventions must be not only conceptually robust but also adaptable to the realities 
of classroom and clinical settings. The adoption of DDR thus reinforces the model’s academic validity and its 
relevance for real-world application9.

Therefore, the primary aim of this research is to construct a validated educational framework designed to 
enhance innovation capabilities among Chinese medical students. Specifically, the study pursues three objectives: 
(1) to gather expert insights on the essential components of innovation-oriented learning, (2) to identify and 
prioritize 19 core learning activities using the Fuzzy Delphi Method, and (3) to analyze the significance of each 
activity based on defuzzification scores ranging from 33.6 to 42.0. This research seeks to answer two central 
questions: What are the most critical activities for fostering innovation in Chinese medical education? And how 
can these activities be quantitatively ranked to inform evidence-based curricular reforms?

This study offers several key contributions to the advancement of innovation training within medical 
education. First, it introduces a structured learning model specifically designed to cultivate innovation 
competencies among Chinese medical students, developed through expert consensus and the application of 
the Fuzzy Delphi Method. Second, the research identifies and prioritizes 19 core innovation-focused learning 
activities using defuzzification analysis, providing a clear set of actionable elements for curricular integration. 
Third, by combining expert insights with a rigorous, data-driven approach, the study effectively translates the 
often theoretical discourse on innovation into a practical framework suitable for implementation. Lastly, the 
relevance of this model extends beyond academic settings, offering potential utility for healthcare organizations, 
professional training institutes, and industry stakeholders interested in fostering innovation capabilities within 
the medical workforce.

The remainder of this paper is structured as follows: a review of relevant literature; an outline of the research 
methodology, including expert selection and data analysis procedures; presentation of the study’s findings; 
conceptual framework; discussion of key findings; and a conclusion offering recommendations for policy and 
future research directions.

Literature review
Innovation competencies and their relevance to medical education
Chinese medical education has the potential to equip them with essential skills and knowledge, enabling them to 
drive advancements in fields such as medical science, biotechnology, energy, and environmental sustainability10. 
China is advanced in genome sequencing, precision medicine, and genetic engineering. The China Precision 
Medicine Initiative (CPMI) project aims to leverage genomic data for personalized healthcare11. Chinese 
researchers and companies are at the forefront of integrating AI into medical studies and healthcare delivery. In 
healthcare departments, doctors are using (AI) for medical imaging analysis, drug discovery, disease diagnosis, 
and patient management. Therefore, technology giants are investing substantially in AI-driven healthcare 
solutions12.

Medical education reform is growing in China, aiming for global comparability and enhancing ever-changing 
healthcare requirements. This effort seeks to enhance quality education for medical students, refine clinical skills, 
and promote multi-disciplinary teamwork among healthcare professionals. Chinese institutions and researchers 
have always actively participated in medical cooperation with their international counterparts to seek progress 
on all fronts of medical studies, including joint research projects, academic exchanges, and participation in 
global clinical trials and scientific initiatives. Consistent with this approach, we have developed an Imaginative 
Activity-Based model to Enhance Innovation for Chinese Medical Students. In this study, we have used the DDR 
method developed by9, which consists of three phases. The first phase identifies the need for model development. 
In the first phase, once the need for model development is confirmed based on experts’ consensus, the design 
and development of the model will start in phase 2. Finally, in phase 3, we evaluate the effectiveness of the new 
model. Detailed objectives of the DDR model are illustrated below.

Objectives of the first phase study
Identifying the development needs of an Imaginative Activity-Based Model to enhance Innovation for Chinese 
Medical Students.

Objectives of the second phase study
Designing and developing an Imaginative Activity-Based Model to enhance Innovation for Chinese Medical 
Students.

Objectives of the third phase study
Evaluating the Usability of an Imaginative Activity-Based Model to Enhance Innovation for Chinese Medical 
Students.

Collaboration, experimentation, and empathy are the critical factors of problem-solving and design 
thinking methodology. Design thinking integrated into innovation courses for medical students offers an 
interactive, explorative classroom environment. The student will benefit from applying knowledge to real-
world challenges while further developing their innovation competencies. Traditional medical education has 
emphasized rote memorization and application of established concepts and procedures. Traditional education 
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teaches fundamentals well and prepares students for standardized exams13. However, this methodology may not 
thoroughly equip students with the required skills to compete in a rapidly changing environment.

In recent years, medical students have learnt how to think critically and come up with creative solutions 
to problems. This is because people want to try new things in many areas14. say that these creative people are 
needed to solve world problems, especially in the medical field, which is a key part of meeting the Sustainable 
Development Goals’ main goals by 2030. The SDGs include goals for developing nanotechnology, switching to 
green energy, building smart cities, encouraging creative businesses, and dealing with social and environmental 
problems. An imaginative model is purposely made to help students develop their imaginations, come up with 
new ideas, solve tough problems, and look for ways to be more creative.

Both educational policymakers and scholars realize that to compete in a rapidly competitive environment, 
medical students should learn innovative competencies. Enhancing these competencies is crucial for improving 
scholars’ critical thinking, effective problem-solving, and creativity. The importance of innovation is further 
emphasized by making innovation competence a key focus area in the national action plan on STEM 2017–
202515. The Chinese Ministry of Education and Higher Education, in collaboration with the Federal Ministry of 
Science, Technology, and Innovation, is working on an initiative to promote research and increase the quality of 
learning and teaching from the perspective of innovation16.

The literature evidenced that many educators have prioritized establishing an innovation competence model 
consisting of real-world problem-solving content in STEM education. The implications of the Imaginative 
Activity-Based Model in enhancing innovation among Chinese medical students entail not only innovation 
education but also extend beyond17. The emphasis will, therefore, be firm on innovation competencies in 
preparing students for challenges and opportunities brought about by a rapidly changing world where creativity, 
critical thinking, and collaboration are highly valued.

The potential of design thinking in stimulating innovation competencies
Competencies of innovation can be developed by creating a high-quality learning environment that nurtures the 
students to solve real-world problems with curiosity and an open-minded approach18. An important question 
is how integrating innovation competence and digital technology using one approach or the other affects the 
innovative capabilities of students. Scholars have suggested several ways to implement design thinking as a new 
school learning model. For example, it has been proven that design thinking among teachers in developing 
learning materials and delivering lectures tends to enhance students’ learning outcomes further and complement 
the classroom environment19.

Design thinking, therefore, has to be one of the fundamental approaches that empower students to solve 
problems and develop innovative capacities. The approach provides a structured process of five stages comprising 
empathy, definition, ideation, prototyping, and testing, leading students in building innovation competencies20. 
Learners can adopt a disciplined attitude towards problem-solving through this step-by-step process. This 
attitude is imperative for developing innovation competencies.

In China, the applicability of the design thinking model in education, especially in mathematics and science, 
remains underdeveloped. Several educators are still unaware of the principles of this model and its practical 
implementation in classroom settings to enhance the innovation competencies of students. Without a clear 
understanding of this approach, teachers face challenges in incorporating it into their teaching practices to 
promote innovation skills among students effectively.

Research gap and theoretical framework
However, existing literature underscores the importance of integrating innovative teaching approaches within 
health professions education, there remains a notable absence of a comprehensive, empirically validated model 
that combines imaginative activities with design thinking—particularly one tailored to the context of Chinese 
medical education. Prior initiatives have largely focused on isolated strategies or adaptations of Western 
pedagogical models, often without accounting for local cultural norms, institutional practices, or curricular 
structures. Additionally, few studies have employed systematic, expert-guided development processes or adopted 
structured methodologies such as Design and Development Research (DDR) to inform model creation.

This study seeks to address these gaps by introducing and validating an Imaginative Activity-Based Learning 
Model through the DDR framework. The model is grounded in a theoretical foundation that draws upon 
both design thinking principles and constructivist learning theory, emphasizing imagination, collaborative 
learning, and scaffolding as core components of creative development. Influential contributions from21 on social 
interaction and22 on educational imagination form the conceptual underpinnings of this work. By building 
upon these frameworks, the study offers a context-sensitive, expert-informed pedagogical model that directly 
responds to the unique challenges and needs articulated by Chinese medical educators.

Methodology
Research design
This study adopted a Design and Development Research (DDR) methodology to develop and validate an 
imaginative activity-based learning model aimed at enhancing creativity among Chinese medical students. DDR 
is particularly suited for educational research that involves the creation of practical instructional models through 
the integration of theoretical foundations and iterative validation processes. The present study focuses on Phase 
1 of the DDR process, which involved conducting a needs assessment through expert input using the Fuzzy 
Delphi Method (FDM).
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Participant selection and expert panel
Participants are selected through purposive sampling to ensure the inclusion of individuals with substantial 
expertise in medical education and curriculum development. The following are the inclusion criteria for each 
expert. First expert possesses a minimum of five years’ teaching experience in higher medical education. Second, 
experts should be actively involved in curriculum design, educational reform, or academic leadership related to 
innovation. Third, the expert holds at least the academic rank of associate professor or an equivalent position. 
Finally, an expert demonstrates relevant expertise through scholarly publications or institutional initiatives 
related to innovation in education. Therefore, a total of six experts who met these criteria were invited to 
participate in the Delphi process. Their academic specializations included clinical medicine, health professions 
education, and educational technology.

Instrument development and validation
The initial pool of items for the proposed learning model was generated through an extensive literature review 
and informal consultations with medical educators. These items represented potential activities aligned with 
creativity and innovation in medical education. Hence, to ensure the content validity, three external experts, 
not involved in the Delphi rounds, reviewed the items. Moreover, the Content Validity Index (CVI) for the 
items ranged from 0.83 to 1.00, reflecting high levels of clarity and relevance. Finally, the reliability of the Delphi 
responses was assessed using Cronbach’s alpha, resulting in a coefficient of 0.87, indicating satisfactory internal 
consistency.

Data collection procedures
Data collection took place over three months from September to December 2024, and involved two rounds of 
Delphi-based expert evaluation. The timeline was as follows:

•	 Weeks 1–2: Expert recruitment and dissemination of the first-round questionnaire.
•	 Weeks 3–4: Analysis of Round 1 feedback and refinement of items.
•	 Weeks 5–6: Distribution of the second-round questionnaire.
•	 Weeks 7–8: Final data analysis and consensus evaluation.

Data analysis
Data were analyzed using the Fuzzy Delphi Method (FDM) to assess consensus levels among experts and 
determine the relative importance of each item within the proposed model. The following key steps were 
followed to reach the result. First, expert ratings were translated into Triangular Fuzzy Numbers (TFNs) using 
predefined linguistic variables. Second, defuzzification was carried out using the Center of Gravity (COG) 
method to compute weighted scores for each item. Third, items were retained if the defuzzification value and the 
Expert agreement level were greater than or equal to 0.60 and 75%, respectively. Finally, the SPSS software has 
been employed to analyzed the data collected through survey from 150 students.

Modified design and development of an imaginative innovation model
The coherent idea for the present study is described in the following conceptual framework (Fig. 6). Furthermore, 
the present research also elucidates how the research design’s conceptual framework pilots the design and 
successful execution of this research. The development of a model for the present study (i.e., an Imaginative 
Activity-Based Model to Enhance Innovation for Chinese Medical Students) is based on the Design and 
Development Research (DDR) approach, which was introduced by23.

Prior literature evidenced that DDR is classified into product-based and model development design studies23. 
Product-based research focuses on decision-making and assessing whether the product meets its intended 
purpose and requirements24. In contrast, model development design studies focus on decision-making processes, 
procedures, and the supporting context for developing a model.

Design interventions
In the present study, we have followed25 modified DDR research approach to classify our model into three stages, 
including (1) need analysis, (2) design and development, and (3) implementation and evaluation of the proposed 
model. Furthermore, a detailed illustration of this study is presented in Figure 1.

Phase 1: need analysis
The needs analysis part is the first step in the DDR research method. This step is important because it helps 
the researcher narrow down every research question that is relevant to the model development study26,27. This 
step looks at whether or not Chinese medical students need to be taught in a creative, activity-based way in 
order to encourage them to come up with new ideas. To find the desired results, this step involves figuring out 
what the study subjects need and evaluating those needs26,28,29. During this phase, the researcher performs a 
comprehensive requirements analysis guided by an extensive literature review24. To set goals, check progress, 
and solve problems, the McKillip discrepancy model for needs analysis in educational studies should be used.

In this study, a needs analysis was used to gather information about the need for an “imaginative activity 
model to enhance innovation among Chinese medical students,” as described by a teacher of these students who 
specializes in innovation. It depends on the questions that come next. Q1: To find out why it’s important to make 
an Imaginative Activity-Based Model to encourage creativity among Chinese medical students from the point of 
view of experienced teachers. Q2: Finding out what teachers think about the topic requirements for creating the 
Imaginative Activity-Based Model to encourage creativity among Chinese medical students.
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Interviews and survey forms were used in both qualitative and quantitative research methods in this study. 
Six experienced innovation educators with at least 10 years of experience in the field were asked open-ended 
questions as part of the qualitative method. When a researcher wants to learn more about a new subject, they 
should use open-ended questions in talks26. Also, the interview method lets you get a more in-depth view from 
the subject and helps you understand the situation better30,31.

Similarly, in the quantitative approach, data about need analysis is also calculated through survey 
questionnaires25. recommend that for a comprehensive needs analysis for developing an activity model, a survey 
questionnaire is the best option to collect data from a large sample. Furthermore, the following researchers 
advocate a quantitative approach27,31,32. Purposive sampling has been used because detailed information about 
the design and content requirements of the activity model can only be obtained from innovation educators or 
experts teaching medical students33.

In the present study, data from 150 participants have been collected through a survey questionnaire. The 
participants were selected from three medical institutes in China (North Sichuan Medical College, Chengdu 
Medical College, and South West Medical University) on the approval basis of the Ethics Committee (EC)/
Institutional Review Board (IRB) with ethics code No. (2024-080, ER202402-006, 20241017-01), respectively. 
The questionnaires were provided in person to the participants of each institute.

Informed consent was obtained from all participants before their inclusion in the study. Participants were 
informed about the study’s purpose, procedures, and their right to withdraw at any time without penalty. In 
addition, all the methods in this research have been performed in accordance with the relevant guidelines and 
regulations.

The collected data ware analyzed using descriptive statistics in SPSS software. The results evidence that 
innovation in terms of the Imaginative Activity-Based model is very important for medical students from the 
perspective of teachers. This result is consistent with the prior literature, which acknowledges that education is 
pivotal in improving students’ innovation competencies34. Similarly, in response to the second research question, 
six experienced innovation educators with at least 10 years of experience recommend the need for innovation 
in medical education, along with 17 key activities. Table 1 indicates low, average, intermediate, and high mean 
interpretation.

Phase 2: design and development
The second phase is the design and development phase of an Imaginative Activity-based Model to enhance 
innovation among Chinese medical students based on the views and decisions of 9 experts. Resultantly35, 
emphasize that this phase is very important in product, curriculum, and module development. In phase 2, 
gathering and making decisions based on expert opinion is carried out using the Nominal Group Technique 
(NGT) and Interpretive Structural Modeling (ISM). According to36, NGT is a structured method for small 
group discussions to reach an agreement37. This aligns with38 view that NGT involves face-to-face small-group 
discussions39. also noted that NGT is highly suitable for studies requiring consensus and evaluation, as it can 
provide a high level of agreement37. Figure 2 indicates the implementation phases of NGT.

Similarly, In this study, we also used Interpretive Structural Modelling (ISM) in this work. The Warfield 
introduced ISM in the middle of the 1970 s as a way to look at complicated social and economic processes32. 
Warfield says that ISM involves people and groups using computers to make models based on their experience 

Mean Score Mean interpretation

1.00–2.00 Low

2.01–3.00 Average

3.01–4.00 Intermediate

4.01–5.00 High

Table 1.  Interpretation mean score Scale. Note: Own calculation.

 

Fig. 1.  Research flow Chart.
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and professional knowledge4041. agree with this point of view. They define ISM as a computer-assisted interaction 
process that helps people or groups build models based on the parts that are relevant to the topic being studied42. 
says that ISM is a methodical, computer-assisted approach that can be used in a variety of situations and 
environments and is a useful tool for making models. According to these explanations, ISM is used to build an 
activity model in a planned way, showing how each part fits into the bigger picture that experts find during the 
planning and development process. There are three main steps in the ISM process. According to43, the three 
phases of the ISM process have been followed, illustrated in Fig. 3.

The study sample for the NGT and ISM approaches in the data collection should consist of 5 to 9 people3644. 
suggests that an expert group should be between 6 and 10 members, as larger groups tend to weaken the quality 
of debate. Therefore, in the present study, 9 experts have been involved in the design and development phase of 
the NGT and ISM processes.

For NGT, an initial list built based on previous studies continued from the questionnaire in the first phase. 
However, this initial list went through two rounds of face validity before the initial list was produced to be 
discussed in the NGT session. At the end of the NGT session, a questionnaire consisting of the activity elements 
decided in the previous NGT session was made into a 5 Likert scale item to get personal feedback from each 
expert involved for each activity element that had been agreed upon. Similarly, the instrument in the ISM software 
developed by Sorach Incorporation is the Concept Star software. This software facilitates the discussion and the 
process of making a consensus or decision among the experts involved in the NGT workshop to determine the 
relationship of each element in the model included in the ISM software.

Fig. 3.  Interpretive structural modeling process.

 

Fig. 2.  The five phases of NGT implementation.
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The following 9 steps have been taken in the present study to develop an Imaginative Activity-Based Model 
to enhance Innovation for Chinese Medical Students, as shown in Table 2.

Phase 3: evaluation
The purpose of phase 3, which is model usability evaluation, is to evaluate the model developed in phase 224. 
The third phase evaluates the model using the Fuzzy Delphi technique. This phase aims to obtain the usability 
of the Imaginative Activity-Based Model to enhance Innovation for Chinese Medical Students. This model is 
evaluated by experts selected based on several criteria. The study for phase 3 uses the Fuzzy Delphi method to 
obtain expert views in validating the developed activity model.

The fuzzy Delphi method (FDM) was used in the present study to design and develop the imaginative 
activity-based model to enhance innovation for Chinese medical students, as illustrated in Fig. 4. The Fuzzy 
Delphi Method, introduced by Kaufmann and Gupta in 1988, combines fuzzy set theory with the Delphi Method 
introduced by45. FDM is the modified or updated version of the Delphi method. Consequently, FDM is not 

Fig. 4.  Process of Fuzzy Delphi Method.

 

Step Activity

Step 1
Identifying the Elements of Problems and Issues
• Each element of the model activity was presented to experts, who decided on the appropriateness of an aspect that should be included in the final list.
• In the final stage of the NGT, the final list was given to each expert to vote and select the appropriate activity element by ranking each element.
• A scale of 1 to 5 determines the ranking items the ISM experts choose were involved.

Step 2
Establishing the context of the relationship between variables
• The relationship of contextual phrases was determined by how the activities are to be connected.
• Contextual relations and relational phrases had been determined by expert opinion on how activities are connected.

Step 3 Develop a self-interaction structure matrix.
• ISM was developed based on the elements of activities that show the relationship between the elements.

Step 4 Generating the ISM Model
• The software generated the ISM model in pairs.

Step 5 Model Presentation
• Experts studied the generated model to check and make necessary modifications, if any.

Step 6 Presentation and Modification of Models
• The final model should be presented if any amendments were made; the next step, 7 to 9, is the analysis of the results of the final model.

Step 7 Distribution of the Reachability Matrix
• Activites were classified at different levels.

Step 8 Activity Cluster
• Activities in the model were also classified according to clusters driving power and dependence power.

Step 9 Activity Analysis and Interpretation
• Activities were analyzed and interpreted according to the importance and hierarchy of relevant activities.

Table 2.  Procedure and data Analysis.
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the latest method; it has been widely used and accepted by prior education literature since 198846–48. Hence, 
based on earlier literature, we have chosen FDM in the present study to select elements in the model based 
on expert consent effectively. Furthermore, the FDM process strengthens the effective selection of experts and 
agreement to confirm, evaluate, and add elements49. Hence50, have evidence that FDM can reduce uncertainties 
and inaccuracies in the research.

In the present study, we have followed the following steps in the FDM to ensure the empirical results.

Selection of experts
In the present study, following46, we have selected experts based on individuals having (1) more than 5 years 
of experience51, (2) various areas of expertise (Somerville, 2007), (3) high knowledge and skills in a particular 
field52, (4) willingness to provide their views53, (5) commitment to revise findings54,55, and (6) ability to appreciate 
the views of other experts. Following56,57, achieving a high level of agreement is essential. A pilot study of 15 
innovation experts, each with over five years of experience, was conducted for the Delphi technique.

Development of questionnaires for experts
We have developed questionnaires based on the experts’ discussion and a literature review following58 
methodology. Prior studies27,48 evidenced that the 7-point Likert scale achieves superior accuracy compared to 
the 5-point Likert scale. Hence, we have utilized a 7-point Likert scale to reduce ambiguity and enhance experts’ 
agreement in this study.

Distribution and data collection
The data about the present study was collected from the required experts by meeting face-to-face with each 
expert and physically disseminating the questionnaire.

Conversion of scale into fuzzy from likert
In this step, all variables are transformed into Fuzzy triangular numbers, allocating a fuzzy RLM number to each 
criterion, indicating the N experts.

	
L = 1 . . . .u, m = 1, . . . v, N = 1 . . . .., n and rlm = 1

N (r1lm ∓ r2lm ∓ rklm)
I = 1

Furthermore, the average data value of Delphi Fuzzy analysis in this research was calculated in MS Excel.
The data analysis began with calculating the threshold value (d) to see the expert’s level of agreement on the 

usability evaluation of the activity model, according to59, the threshold value of (d) must be less than or equal 
to 0.2, which indicates that all the experts are assumed to have consensus and agreement in determining the 
decision. The dispersion between two Fuzzy number, u = (u1, u2, u3), and v= (v1, v2, v3) are estimated using 
following calculation.

	
d (u, v) =

√
1
3

[
(u1 − v2)2 + (u2 − v2)2 + (u3 − v3)2]

Based on the percentage of the expert’s consent
In this step, the percentage value of the expert group’s agreement must be equal to or exceed 75% to determine 
whether the item is accepted or rejected46,60,61. Hence, any item should be dropped if it does not reach the 75% 
threshold.

Defuzzification score
Finally, in this step, a group of experts whose (d) values and percentages exceed 0.2 and 75%, respectively, and 
then we proceed into the defuzzification process to identify the fuzzy score value. According to40,62, the value 
of the (A) score should be greater than 33.6 and less than 46.8. This range (33.6–46.8) indicates the agreement 
among the experts’ opinions about the items. The formula for estimating the (A) value is illustrated below.

	
A = 1

3 × (u1 + u2 + u3)

Hence, based on the experts’ consent, we developed the prototype of the Imaginative Activity-Based Model to 
Enhance Innovation for Chinese Medical Students. Furthermore, we restructured organizational charts, screen 
design, content program, evaluation process, storyboard, and repetition in this phase. Finally, we conducted the 
pilot testing on 15 students before implementing the model to identify any issues or errors that arose during 
model development.

Results
This section presents the research results gathered and analyzed following each study stage.

Result for phase 1: need analysis
The experts’ data was collected through interviews and questionnaires to identify the need for an imaginative 
activity-based model to enhance innovation for Chinese medical students. The findings of the interviews were 
used to construct items for the questionnaire in addition to material collected from the highlights of previous 
studies. The conclusion of 6 experts’ interviews shows that the learning scenario for Chinese medical students 

Scientific Reports |          (2026) 16:738 8| https://doi.org/10.1038/s41598-025-30293-x

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


is very dense and requires full concentration. The level of imagination of Chinese medical students is at several 
levels, according to the observations carried out by experts. However, most experts stated that students’ 
imaginations were at a moderate average level. Even so, students use their imagination during the learning 
process. This can be seen when they complete the tasks given. Many characters related to imagination have 
been outlined by the experts involved. Among them is innovation, which is seen as important in determining 
the direction of the student, not only in learning but also in the future. The experts also strongly agree that 
developing a guide for developing and enhancing innovative Chinese medical students is necessary. The model 
should include individualized education, adaptability, comprehensive training, and guidance.

Furthermore, to determine the validity and reliability of the questionnaire for identifying a need for 
an Imaginative Activity-Based Model to Enhance Innovation for Chinese Medical Students, data from 30 
participants were collected as a pilot study. The reliability of the 30 collected questionaries was analyzed by 
determining the Cronbach’s Alpha value. A summarizes the face validity report can be seen in Table 3 below.

Based on Table 3 above, the Cronbach’s Alpha value for all 34 items is 0.977, including items for demographic 
data. The obtained value of 0.977 indicates that the reliability level of the questionnaire is very high. Therefore, 
the questionnaire can be used for data collection without needing modifications.

Result for phase 2: design and development model
The result illustrated in Table 4 indicates that the NGT process highlights 19 learning activities as key components 
for developing an innovation model. The table also presents the ranking scores assigned by the experts for each 
learning activity. The lowest score was two (2) for ‘Disagree,’ while the highest was five (5) for ‘Strongly Agree.’ 
The cumulative scores establish the priority ranking for each learning activity.

Furthermore, the relationships between activities selected through the NGT in Step 1, the contextual and 
relational phrases in Step 2, and the ISM process, the content of the Imaginative Activity-Based Model to 
enhance innovation for Chinese medical students can be developed through the collective decisions of experts 
with the support of ISM software, as illustrated in Fig. 5.

Result for phase 3: model usability evaluation
We have utilized the Fuzzy Delphi method in the present study to analyze pilot and actual study data. A pilot 
study was conducted to test the questionnaire’s usability before implementation for actual model evaluation. The 
questionnaire’s Cronbach’s alpha value, calculated from data analyzed through SPSS, is 0.982, greater than the 
standard 0.80.

After successfully testing the reliability and validity of the questionnaire, data from 50 actual respondents 
are collected to evaluate the “Imaginative-Based Model to Enhance Innovation for Chinese Medical Students.” 
Based on (d) value, percentage, and defuzzification value (A), the successful evaluation of the model can be 
justified. Table 5 indicates the estimated result of the (d) value for the usability factor of the first model. The 
result shows that there are 6 respondents in BA3 whose (d) values exceed the standard value of 0.2. Similarly, 
3 respondents of items BA1, BA4, and BA5 exceeded the threshold value (d) 0.2. Finally, only 2 respondents 
assigned a threshold value (d) above 0.2 for item BA2.

Table  6 indicates the percentage of each item for the element usability construct evaluated based on the 
threshold value (d) in Table 5. The result reveals that all items in Table 6 are above the standard 75%, advocating 
that all items are better for evaluation and that there is no need for repeated items.

Based on the result illustrated in Table  7, the (A) values of items BA1, BA2, and BA5 moderately agree 
because these values are within the standard range (i.e., 33.6–46.8). In contrast, the (A) values of items BA3 and 
BA4 are 31.53 and 31.15, respectively, slightly agree because the defuzzification value obtained is 24 to 33.6. This 
shows that the usability factor of the element gets expert approval because it exceeds the minimum value of the 
agreement range, which is 24. The results of all other items are presented in Appendix A.

Conceptual framework
DDR’s systematic and evidence-based nature is entitled to an extensive understanding of the design and 
development process25. The engagement of experts in the design consensus increases the relevancy and quality 
of the “Imaginative Activity-Based Model.” Consistent with prior literature regarding the benefit of DDR 
research in educational design and development, the present study expands the contribution in this field. The 
present study provides a robust, practical approach to instructional design in medical studies. The final model, 
the “imaginative activity-based model to enhance the innovation of Chinese medical students,” was developed 
after successfully carrying out three phases. The baseline model representing Fig. 6 was produced after going 
through several processes in the study: the production of elements, the grouping of elements, and the naming of 
elements. The output of this final model is based on previous surveys and feedback shared and received from all 
the experts involved from the first phase of the study up to the third phase.

Furthermore, the development of this methodology is grounded in disruptive innovation theory, Kieran 
Egan’s imaginative education, and the Kolb learning model. The Disruptive Innovation Theory tells us a lot 
about how changes in technology and the way markets work can cause big changes in businesses and markets. It 
gives us a way to think about how businesses might move and respond to these disruptive forces. The healthcare 

 N Cronbach Alpha

35 0.977

Table 3.  Validity result.
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industry in China is currently being changed by disruptive innovation63. If medical students understand and 
accept these changes, they can change healthcare for millions of people, making it easier for them to get care, 
making it more affordable, and improving the quality of care.

Similarly22, made important advances to the growth of thinking and creative learning. His method makes 
the very important role of imagination in education clear and gives teachers a way to make learning experiences 
that are both fun and useful. In medical studies, Kieran Egan’s Imaginative Education Theory can help students 
learn by helping them remember and understand complicated medical ideas. By using this method, teachers can 
improve the learning setting and prepare their students to be caring and knowledgeable healthcare professionals.

In 1984, David A. Kolb came up with the Kolb learning model, also known as the experience learning 
theory64. This model includes four ways of learning: direct experience, thinking about what you see, doing things 
yourself, and making up ideas. This idea says that learning happens in steps, and each stage fits a different way 
of learning65.

Discussion
This study set out to design and validate an imaginative activity-based learning model intended to foster 
creativity within Chinese medical education, using a structured three-phase Design and Development Research 
(DDR) framework. The discussion below interprets the findings from each phase in relation to existing literature 
and identifies key implications and limitations of the study. The first (Need analysis) phase of the research 
focused on assessing the perceived need for creative, activity-oriented pedagogies in medical education. Results 
indicated that 92% of expert participants acknowledged the necessity of integrating imaginative, student-
centered approaches. This strong consensus marks a notable departure from the traditionally rigid, exam-driven 
instructional models that have long dominated Chinese medical education66. The prevailing emphasis on rote 
memorization and authoritative teaching is increasingly viewed as insufficient for preparing students for today’s 
dynamic healthcare environment.

The experts’ support for pedagogical innovation aligns with growing international recognition of the value of 
experiential learning, adaptability, and interdisciplinary collaboration in medical training4,67. Their perspectives 
reflect not only a local demand for reform but also resonance with global shifts in health professions education, 
where fostering critical thinking, creativity, and teamwork has become essential for professional readiness in 
complex clinical settings.

The second (activity identification) phase involved the identification and categorization of 19 core learning 
activities using the Nominal Group Technique (NGT). These activities were analyzed in relation to the design 
thinking framework, which served as the conceptual foundation of the model. Activities such as clinical 
simulations, interdisciplinary projects, and role-play closely align with key design thinking processes, including 

Fig. 5.  Prototype Imaginative Activity-Based Model to enhance Innovation for Chinese Medical Students 
based on Interpretive Structural Modeling (ISM).
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Respondents

Usability of Elements

BA1 BA2 BA3 BA4 BA5

1 0.0072 0.0456 0.1153 0.0158 0.0228

2 0.0386 0.0456 0.3767 0.0158 0.0481

3 0.0099 0.0736 0.1167 0.2417 0.1748

4 0.0099 0.4023 0.2573 0.0158 0.3414

5 0.0072 0.0456 0.1167 0.1052 0.0014

6 0.0386 0.0456 0.0520 0.1052 0.0014

7 0.0072 0.0736 0.0207 0.0158 0.0481

8 0.0386 0.0736 0.0207 0.0158 0.0481

9 0.0386 0.0069 0.0207 0.0158 0.0014

10 0.0386 0.0103 0.0047 0.0598 0.0014

11 0.0072 0.0069 0.2573 0.0158 0.3414

12 0.0099 0.0103 0.0047 0.0598 0.0014

13 0.0072 0.0069 0.2573 0.0158 0.0228

14 0.2366 0.0736 0.0207 0.1052 0.0481

15 0.0386 0.0103 0.0047 0.0065 0.0708

16 0.0386 0.0456 0.2573 0.2417 0.0228

17 0.0072 0.0069 0.0520 0.0065 0.0228

18 0.0099 0.0103 0.0207 0.0158 0.0228

19 0.0099 0.0069 0.0207 0.1052 0.0014

20 0.0386 0.0456 0.0520 0.0598 0.0228

21 0.0099 0.0069 0.0047 0.0065 0.0014

22 0.0072 0.0103 0.0207 0.0065 0.0014

23 0.0386 0.0103 0.1153 0.1278 0.0708

24 0.0072 0.0103 0.0047 0.0598 0.0228

25 0.0386 0.0456 0.0520 0.1278 0.0708

26 0.0099 0.0103 0.1167 0.0158 0.0014

27 0.0832 0.0736 0.0207 0.0065 0.0014

28 0.0099 0.0069 0.0047 0.0065 0.0014

29 0.0099 0.0069 0.0047 0.0065 0.0014

30 0.0386 0.0456 0.1153 0.1278 0.0708

31 0.0072 0.0103 0.0520 0.0598 0.0228

32 0.0072 0.0456 0.0520 0.0065 0.0708

33 0.0099 0.0069 0.1153 0.1278 0.0708

34 0.0832 0.0069 0.0207 0.1052 0.0481

35 0.0386 0.0456 0.0047 0.1052 0.0014

36 0.4239 0.0736 0.0047 0.0158 0.0481

37 0.0386 0.0456 0.1153 0.1278 0.0708

38 0.0099 0.0069 0.0047 0.0065 0.0014

39 0.0099 0.0069 0.0047 0.0065 0.0014

40 0.0099 0.0069 0.0047 0.0065 0.0014

41 0.0386 0.0456 0.0520 0.0065 0.0228

42 0.0386 0.0456 0.0520 0.0598 0.0708

43 0.0099 0.0069 0.0047 0.0065 0.0014

44 0.5686 0.4023 0.2573 0.2417 0.3414

45 0.0099 0.0456 0.0207 0.0158 0.0014

46 0.0099 0.0069 0.0047 0.0158 0.0014

47 0.0386 0.0456 0.0047 0.0598 0.0228

48 0.0386 0.0456 0.1153 0.1278 0.0708

49 0.0072 0.0069 0.0047 0.0065 0.0014

50 0.0832 0.0069 0.0047 0.0065 0.0014

Table 5.  Threshold value (d) for usability of Elements.

 

Scientific Reports |          (2026) 16:738 12| https://doi.org/10.1038/s41598-025-30293-x

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


empathy, ideation, and prototyping5,68. These methods aim to activate learners on emotional, cognitive, and 
collaborative levels conditions widely recognized as conducive to creativity and innovation.

Additionally, several activities particularly those emphasizing reflection, scenario-based problem-solving, 
and collaborative inquiry—are consistent with constructivist educational theory, which posits that learners 
build knowledge through active engagement and social interaction21. This theoretical alignment reinforces the 
pedagogical soundness of the model and provides a strong foundation for its proposed structure.

In the final phase (evaluation), expert evaluations were analyzed using the Fuzzy Delphi Method (FDM) to 
establish consensus on the importance and relevance of each activity. Most items received high defuzzification 
scores, indicating strong agreement among experts. However, a few activities—those with defuzzification values 
between 31.15 and 31.53 were categorized under “slightly agree,” reflecting moderate consensus. These lower 
values may point to concerns about practical implementation challenges, such as time constraints, technological 
demands, or the need for cross-disciplinary coordination.

Such findings suggest that while the overall model is well-supported, certain components may require 
contextual adaptation or piloting before being integrated at scale. This is consistent with previous applications of 
the FDM, where borderline items often highlight areas in need of further refinement or institutional alignment8.

Conclusion
This model development study was produced based on the research problems that the researcher identified at 
the beginning of the study. It starts with the issues that led to the formation of objectives and research questions. 
To meet and achieve the goals and questions of this study, the researcher has determined the use of Design 
and Development Research as a methodology used to obtain information and feedback. This DDR approach 
combines three phases: need identification, development and evaluation analysis.

The first phase of this study set out to investigate the insights of experienced medical educators concerning 
the development of an Imaginative Activity-Based Model intended to cultivate creativity among Chinese medical 
students. Framed by two guiding research questions, the study first examined the rationale for introducing 
such a model and then explored the thematic components necessary for its effective design. The findings from 
the needs assessment indicate a clear inadequacy in traditional instructional approaches, which often rely on 
passive learning, memorization, and limited interdisciplinary interaction. These methods fall short in preparing 
students for the complex, innovation-driven demands of contemporary medical practice. Educators consistently 
underscored the importance of integrating imaginative, activity-centered learning methods to enhance 
creativity, critical thinking, and problem-solving capabilities. This directly affirms the relevance and urgency of 
the proposed model, addressing the first research question.

In addressing the second question, the study identified several key thematic elements deemed essential by 
educators for the model’s construction. These include clinical simulations, case-based discussions, reflective 
learning, interdisciplinary collaboration, and project-based activities. Together, these components align with 
current best practices in educational design and offer a validated framework for building a model that is both 
pedagogically sound and practically applicable.

Overall, this research confirms both the necessity for and the foundational structure of a creativity-oriented 
learning model in Chinese medical education. By drawing on expert perspectives and employing a rigorous 
design and development research methodology, the study contributes a contextually relevant and empirically 
grounded approach to innovation in medical training offering valuable direction for ongoing curricular reform 
in China and similar educational contexts.

Usability of Elements Defuzzification Value (a.i.)

Elements can be easily mastered by the user. 39.35

Elements meet the high productivity expectations of users. 38.63

Users are still good at implementing elements after a certain period of time without having to learn them again. 31.53

Users do not easily make many mistakes while implementing elements, and in case of mistakes, users can deal with them easily. 31.15

Users get satisfaction and pleasure while implementing elements. 35.90

Table 7.  Defuzzification value for usability of Elements.

 

Usability of Elements Percentage (%)

Elements can be easily mastered by the user. 94.0%

Elements meet the high productivity expectations of users. 96.0%

Users are still good at implementing elements after a certain period of time without having to learn them again. 88.0%

Users do not easily make many mistakes while implementing elements, and in case of mistakes, users can deal with them easily. 94.0%

Users get satisfaction and pleasure while implementing elements. 94.0%

Table 6.  Expert’s agreement percentage for usability of Elements.
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Policy implications
The findings of the present study contribute both practically and theoretically. Integrating imaginative activities 
to enhance innovation among Chinese medical students holds several practical implications that can significantly 
enrich their educational experience and prepare them for future challenges in healthcare.

Fig. 6.  Conceptual framework.
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Practical implications for students
Firstly, the imaginative activities help students develop the ability to generate novel ideas, adapt existing 
concepts, and approach challenges with creativity. This fosters a mindset of innovation that is essential for 
addressing complex healthcare issues and improving patient care outcomes. Secondly, imaginative activities 
actively engage students in problem-solving; through creative activities, students learn to identify root causes, 
evaluate multiple solutions, and implement effective strategies, which is crucial for navigating the dynamic and 
challenging healthcare landscape. Thirdly, this prepares them to work effectively in multi-disciplinary healthcare 
teams and tackle complex healthcare challenges holistically. Fourthly, this enhances the focus of medical 
students on understanding patient needs, preferences, and experiences through empathy-building exercises, 
patient simulations, or user-centered design approaches. Fifthly, students will gain hands-on experience with 
cutting-edge technologies and innovation tools increasingly shaping modern healthcare practices such as virtual 
reality (VR), artificial intelligence (AI), medical simulations, and digital health platforms.

Practical implications for innovation educators
Firstly, Innovation educators should encourage students to take risks, try out new ideas, and be open to failing as 
normal parts of the learning process. They should create a safe space for students to look into unusual answers 
and new ideas without worrying about being judged. Secondly, innovation educators should encourage students 
from a wide range of fields, not just the medical field, to work together. By working together, students learn from 
each other’s ideas, which improves their ability to deal with complex healthcare issues in a complete way and 
come up with new ideas effectively in multidisciplinary teams. Thirdly, innovation educators should use new 
technology and tools in creative activities to make learning better. For example, they should use medical models, 
virtual reality (VR), and artificial intelligence (AI) to make learning more like real life. Fourthly, innovation 
educators should help students think of themselves as always learning and changing. Students are encouraged 
to stay up to date on changes in medical research, technology, and healthcare policies by taking advantage of 
chances for professional and ongoing learning.

Theoretical implications
Putting together the Kolb Learning Model, Kieran Egan’s Imaginative Education, and the Disruptive Creativity 
Theory to make a model for creative activities that are meant to encourage creativity among Chinese medicine 
students could have big effects. Chinese medical students get a well-rounded and interesting education when 
Kolb’s experiential learning, Egan’s creative methods, and disruptive innovation theory are all used together. It 
combines learning useful skills with thinking outside the box and finding creative solutions to problems. The idea 
gives students the skills and mindset they need to deal with difficult problems in modern healthcare situations. 
By combining old knowledge with new tools, they learn how to be innovative and get ready to improve medical 
science and patient care. By adapting tasks to the Chinese culture, the model will be in line with the students’ 
backgrounds and the rules of Chinese society. It encourages inclusion and relevance, which makes educational 
approaches more likely to lead to new ideas in Chinese medical education.

Implications for educational practices and Polices
The outcomes of this study hold significant implications for curriculum developers, medical educators, and 
educational policymakers. By presenting a systematically validated and hierarchically ranked set of innovation-
oriented learning activities, this study provides a concrete framework for embedding innovation into existing 
medical curricula. Distinct from prior research that often rests on conceptual propositions, this study employs 
expert consensus and quantitative analysis specifically the Fuzzy Delphi Method to establish an evidence-based 
foundation for curriculum design. Consequently, the proposed model functions as a strategic tool for academic 
institutions seeking to cultivate essential competencies such as creative problem-solving, interdisciplinary 
collaboration, and entrepreneurial thinking among future healthcare professionals. Moreover, the model offers 
valuable guidance for faculty development, student assessment methodologies, and broader educational reform 
efforts across both academic and clinical training environments.

Recommendations
This study can be extended with a comprehensive literature review. This can be done using diverse sources and 
conducting a thorough literature review that includes Western and Chinese educational theories and practices. 
This ensures a well-rounded understanding of existing models and their effectiveness. It also can consist of 
literature from various fields, such as psychology, education, design thinking, and medical education, to provide 
a holistic view of how imaginative activities can foster innovation.

Contextual relevance in this study also can vary. It should consider the cultural sensitivity. Researchers need 
to ensure that the model is culturally sensitive and aligns with the values, traditions, and learning styles prevalent 
in Chinese education. Incorporate traditional Chinese educational philosophies alongside modern pedagogical 
approaches. It can use case studies and examples from Chinese medical schools with successful implementation 
of similar methods.

Limitations and future research directions
Despite the valuable insights gained from this study, several limitations should be noted. First, the expert panel 
comprised only six participants drawn from three medical institutions within a single region of China. Although 
these individuals were purposively selected for their expertise in medical education and curriculum development, 
the limited geographic and institutional scope may constrain the broader applicability of the findings. Second, 
the model has not yet been tested in real-world classroom or clinical settings. Without implementation and 
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feedback from medical students, the practical effectiveness and pedagogical impact of the proposed activities 
remain unverified. Third, the model was conceptualized within a specific cultural and educational framework, 
which may present challenges when transferring it to international contexts or institutions with different teaching 
philosophies and curricular structures. To build on these findings, future research should aim to pilot the model 
with student populations and assess its impact on measurable creativity outcomes. Longitudinal studies could 
further evaluate its effectiveness over time. Additionally, comparative studies across diverse institutional and 
cultural settings would help determine the model’s adaptability and relevance beyond the Chinese medical 
education system. Such research would contribute to refining the model and supporting its integration into 
broader educational reform efforts.

Data availability
Data will be provided by the corresponding author upon reasonable request.
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