Supplementary Data 1. Anti-Aging Techniques: Pre-Course Questionnaire for Scientific Thinking Training

Hello everyone!

The purpose of this survey is to gain an accurate understanding of our students' research and innovation needs, thereby enhancing the effectiveness and relevance of our courses. Your feedback is crucial to our research. Please answer based on your actual circumstances. We assure you that all questionnaire data will be used solely for research purposes, and your information will be kept strictly confidential. Thank you for your support and cooperation!
This questionnaire covers basic information, research experience, research needs, and innovative thinking abilities and behaviors. It takes approximately 10 minutes to complete.
I. Basic Information
*1.Gender         □ Male          □ Female 
*2. Age            _____ 
*3. Grade Level     
□ First year of college  □ Second year of college  □ Third year of college
□ Fourth year of college  □ Fifth year of college  
*4. Major          _____                     
II. Research Experience
*5. Current Participation in Scientific Research [Required]
□ Not participating in any projects
□ Not participating in formal projects, but independently contacting faculty for regular research practice activities
□ Participated in research winter/summer camps
□ Currently participating in/has participated in university-level projects
□ Currently participating in/has participated in provincial-level or higher projects

*6. Participation in Scientific Innovation Competitions (Including Innovation Competitions at All Levels/Major Innovation Competitions/Challenge Cup Series Competitions/Basic Medical Experiment Design Competition/University Student Mathematics, Physics, Chemistry, and Computer Design Competition)
□ 0 (No competition participation)
□ Participated but did not win an award
□ Participated and won an award

*7. Current academic publication achievements, including (separate items):First author and other authors (published papers refer to accepted/published papers; SCI includes SCl/SSCI) [Required]
□ Did not participate in paper writing/no published papers
□ Participated in paper writing only
□ Published 1 paper in a general journal
□ Published 1 paper in a Chinese core journal/published 2 or more papers in general journals
□ Published papers in SCI journals

*8. Current involvement in invention/patent activities [Required])
□ Not involved in invention activities)
□ Currently involved/previously involved in invention activities
□ Patent application accepted but not yet authorized
□ Patent application accepted and granted
III. Research Needs
*9. What skills do you believe are essential for conducting effective research? [Select up to 6 items]
□ Topic selection skills
□ Research design skills
□ Data collection skills
□ Application of research methods
□ Data analysis skills
□ Paper writing skills
□ Interpersonal communication skills
□ Teamwork skills
□ Other (please specify)

*10. Which skills do you currently need to improve most urgently? [Select up to 6 items]
□ Topic selection skills
□ Research design skills
□ Data collection skills
□ Application of research methods/techniques 
□ Data analysis skills 
□ Paper writing skills 
□ Other (please specify)

*11. Which of the following methods do you believe can effectively enhance research capabilities? [Select up to 5 items]
□ Studying award-winning research projects 
□ Exchanging ideas with seniors who have research experience 
□ Learning through coursework 
□ Reading relevant papers 
□ Participating in discussions
□ Joining research group discussions with dedicated faculty guidance 
□ Other (please specify)

*12. In teaching, which of the following content do you believe would be helpful for improving research capabilities? [Select up to 6 items]
□ Introducing the innovative aspects of research projects
□ Explaining research design approaches
□ Introducing cutting-edge research fields and topics
□ Sharing the instructor's own research experiences
□ Explaining quantitative/qualitative research methods
□ Reading and summarizing literature
□ Introducing literature search methods
□ Other (please specify)

*13. Which aspects do you hope to learn from others' successful research cases and academic papers to enhance your research capabilities? [Select up to 6 items] 
□ Topic selection □ Research background □ Design approach □ Research methods □ Data analysis □ Paper writing □ Other (please specify)

*14. When communicating with senior students, what topics are you most interested in learning about? [Select up to 6 items]
□ Topic selection □ Identifying innovation points □ Literature review techniques □ Research background analysis □ Research design methodology □ Conducting research practice □ Research method selection □ Data analysis and presentation □ Paper writing techniques □ Publication strategies □ Other (please specify)

*15. If you participated in a research project, how would you prefer your advisor to determine the topic?
□ Directly assign a research topic
□ Provide a research direction and guide topic selection
□ Provide a research direction and let you determine the topic yourself
□ Completely self-select the topic

*16. What forms of guidance would you prefer from your advisor during the research project? [Multiple choices]
□ Provide detailed guidance throughout the process
□ Guidance on selecting and applying research methods
□ Guidance only when needed
□ Other (please specify)

*17. How frequently would you like your advisor to provide guidance during the research project?
□ Every two weeks
□ Once a month
□ Once every three months
□ Once every six months
□ Guidance only during project initiation, mid-term review, and final completion


IV. Innovation Capabilities and Behavior
*18. Self-Assessment of Research-Related Competencies
	
	Score (1-10)

	Fundamental and Specialized Knowledge
	

	Literature Reading Ability
	

	Do you dare to ask questions and challenge assumptions?
	

	Self-directed learning ability
	

	Observation skills
	

	Innovative mindset
	

	Applying Knowledge Skills
	

	Analytical and summarizing skills
	

	Experimental skills
	

	Can you express yourself clearly?
	

	Are you adept at learning by analogy?
	



*19. Innovation Behavior Scale
I often try new approaches to solve problems that arise in my life. 
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree

I frequently consider issues from different perspectives. 
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree

I often take risks to support new ideas or creativity. 
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree

I proactively expand existing resources to achieve my goals. 
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree
 
I take swift action even when others don't initiate. 
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree

I frequently create conditions to achieve my goals. 
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree

I enjoy taking on challenging tasks.
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree

*20. Scientific Research Innovation Capability Scale
I excel at generating creative ideas and concepts for scientific research.
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I excel at refining others' research approaches.
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I can independently or with some assistance develop a relatively complete research design.
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I excel at employing appropriate methods to solve research problems.
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I can innovatively explore and validate research questions
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I can purposefully read scientific literature
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I can identify innovative points in original research papers
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I can summarize research approaches from original research papers
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I clearly understand the structure and writing approach of original research papers
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree




Supplementary Data 2. Anti-Aging Techniques Course Completion Survey
Dear Students,
This survey aims to accurately assess the research and innovation needs of our university's students, providing valuable insights to enhance the effectiveness and relevance of our courses. Your feedback is crucial to our research. Please answer based on your actual circumstances. We assure you that all questionnaire data will be used solely for this research project, and your information will be kept strictly confidential. Thank you for your support and cooperation! This survey covers basic information, research experience, research needs, and innovative thinking abilities, taking approximately 10 minutes to complete. The data collected may be used in the preparation of teaching-related academic papers.
I. Basic Information
*1. Gender         □ Male          □ Female 
*2. Age            _____ 
*3. Grade Level     
□ First year of college  □ Second year of college  □ Third year of college
□ Fourth year of college  □ Fifth year of college  
*4. Major          _____       
II. Course Positioning Requirements
*5. What aspects of this course left the deepest impression on you? (Multiple selections) [Multiple Choice]
□ General Overview
□ Wounds and Scarring
□ Breast Reconstruction
□ Peripheral Nerve Repair and Regeneration
□ Photonic and Injectable Aesthetics
□ Research-Oriented Learning Overview
□ Literature Retrieval
□ Other

*6. Which of your abilities do you believe have improved after completing this course? [Select up to 6 items]
□ Topic Selection
□ Research Design
□ Data Collection
□ Application of Research Methods/Techniques
□ Data Analysis
□ Thesis Writing
□ Other (Please specify)

*7. Which course content do you believe will enhance your research capabilities? [Maximum 6 selections]
□ Introduction to innovative aspects of research projects
□ Presentation of research design approaches
□ Overview of cutting-edge research fields and topics
□ Sharing the instructor's personal research experiences
□ Explaining quantitative/qualitative research methods
□ Literature review
□ Introducing literature search techniques
□ Other (please specify)

*8. What additional content do you believe could be further strengthened in this course? [Select up to 6 items]
□ Topic selection
□ Research background
□ Design approach
□ Research methods
□ Data analysis
□ Paper writing
Other (please specify)

III. Self-Assessment of Innovation Capabilities and Behavior Following These Courses
*9. Self-Assessment of Foundational and Specialized Knowledge in Research-Related Abilities (Course Conclusion)
	
	Score (1-10)

	Fundamental and Specialized Knowledge
	

	Literature Reading Ability
	

	Do you dare to ask questions and challenge assumptions?
	

	Self-directed learning ability
	

	Observation skills
	

	Innovative mindset
	

	Applying Knowledge Skills
	

	Analytical and summarizing skills
	

	Experimental skills
	

	Can you express yourself clearly?
	

	Are you adept at learning by analogy?
	



*10. Innovation Behavior Scale (Course Conclusion)
I often try new approaches to solve problems that arise in my life. 
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree

I frequently consider issues from different perspectives. 
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree

I often take risks to support new ideas or creativity. 
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree

I proactively expand existing resources to achieve my goals. 
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree
 
I take swift action even when others don't initiate. 
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree

I frequently create conditions to achieve my goals. 
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree

I enjoy taking on challenging tasks.
□ Strongly agree  □ Agree  □ Neutral  □ Disagree  □ Strongly disagree

*11. Scientific Research Innovation Capability Scale (Course Conclusion)
I excel at generating creative ideas and concepts for scientific research.
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I excel at refining others' research approaches.
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I can independently or with some assistance develop a relatively complete research design.
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I excel at employing appropriate methods to solve research problems.
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I can innovatively explore and validate research questions
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I can purposefully read scientific literature
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I can identify innovative points in original research papers
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I can summarize research approaches from original research papers
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree

I clearly understand the structure and writing approach of original research papers
□ Strongly Agree  □ Agree  □ Somewhat Agree  □ Somewhat Disagree  □ Disagree  
□ Strongly Disagree
IV. Shortcomings and Recommendations
*12. Please rate our course design
□ Very satisfied  □ Satisfied  □ Neutral  □ Dissatisfied  □ Very dissatisfied

*13. Your level of recognition for the Research-Based Learning (RBL) teaching approach
□ Very satisfied  □ Satisfied  □ Neutral  □ Dissatisfied  □ Very dissatisfied

*14. The most valuable module(s) of this training: [Multiple Choice]
□ Literature review methods  □ Topic selection strategies  □ Experimental design
□ Academic writing skills  □ Specialized knowledge  □ Other

*15. Suggested additional content
_________________

*16. Other valuable feedback
_________________







Table 1 Distribution of Majors and Grades of the Teaching Subjects [n (%)]
	Item
	Number of People (n)
	Proportion (%)

	Grade
	
	

	Sophomore
	9
	39.1%

	Junior
	13
	56.5%

	Senior
	1
	4.4%

	Major
	
	

	Clinical Medicine
	16
	69.6%

	Nursing
	3
	13.0%

	Stomatology
	2
	8.7%

	Forensic Medicine
	1
	4.4%

	Basic Medicine
	1
	4.4%






Table 2. Selected Achievements in Integrating Ideological and Political Education into Innovative Thinking Teaching
	Chapter Content
	Ideological & Political Elements
	Integration Approach & Teaching Methods
	Expected Educational Outcomes

	Chapter 3: Challenges in Scar Treatment and Training in Research Thinking 
	Help medical students deeply understand the social impact and psychological stress caused by scars in patients
	Introduction of real clinical cases; Modified RBL combined with a WeChat-based flipped classroom approach
	Cultivate students’ empathy; Inspire their academic ambition and proactive spirit to address the challenges of scar treatment

	Chapter 4: Technical Barriers in Breast Reconstruction and Training in Research Thinking 
	Enable students to understand the advancements and technical barriers in breast reconstruction, as well as its positive effect in restoring patients’ social confidence
	Introduction of real clinical cases; Modified RBL combined with a WeChat-based flipped classroom approach
	Develop students’ sense of social responsibility and determination to overcome technical barriers through dedicated research

	Chapter 5: Dilemma in Peripheral Nerve Injury Treatment and Training in Research Thinking 
	Explain the profound impact of paralysis caused by peripheral nerve injury on a patient’s quality of life
	Introduction of real clinical cases; Modified RBL combined with a WeChat-based flipped classroom approach
	Lead students to experience the medical spirit of “benevolence to save lives, commitment to healing, and boundless love” while developing professional dedication during problem-solving exploration






Table 3. Comparison of Cognitive Levels of Innovative Thinking Before and After Instruction Among 23 Elective Students at Sun Yat-sen University [n (%)]
	Item
	Pre-instruction n (%)
	Post-instruction n (%)
	χ² value
	P value

	Self-learning ability
	13 (56.5)
	20 (87.0)
	5.25
	0.022

	Learning interest
	15 (65.2)
	18 (78.3)
	0.97
	0.326

	Research interest
	12 (52.2)
	19 (82.6)
	4.85
	0.028

	Literature retrieval ability
	9 (39.1)
	18 (78.3)
	7.26
	0.007

	Problem analysis ability
	10 (43.5)
	17 (73.9)
	4.39
	0.036

	Summarizing ability
	11 (47.8)
	19 (82.6)
	6.13
	0.013

	Problem-solving ability
	12 (52.2)
	20 (87.0)
	6.57
	0.010

	Innovation ability
	11 (47.8)
	19 (82.6)
	6.13
	0.013

	Innovation awareness
	9 (39.1)
	21 (91.3)
	13.80
	<0.001

	Teamwork ability
	7 (30.4)
	20 (87.0)
	15.15
	<0.001




