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Abstract

Background Flexible hybrid teaching has become the new normal of basic medical education in the postepidemic
era. Identifying ways to improve the quality of curriculum teaching and achieve high-level talent training is a complex
problem that urgently needs to be solved. Over the course of the past several semesters, the research team has inte-
grated design thinking (DT) into undergraduate teaching to identify, redesign and solve complex problems in achiev-
ing curriculum teaching and professional talent training objectives.

Methods This study is an observational research. A total of 156 undergraduate stomatology students from Jining
Medical University in 2021 were selected to participate in two rounds of online flipped teaching using the design
thinking EDIPT (empathy, definition, idea, prototype, and test) method. This approach was applied specifically

to the chapters on the respiratory system and female reproductive system. Data collection included student question-
naires, teacher-student interviews, and exam scores. GraphPad Prism software was used for data analysis, and the sta-
tistical method was conducted by multiple or unpaired t test.

Results According to the questionnaire results, the flipped classroom teaching design developed using design
thinking methods received strong support from the majority of students, with nearly 80% of students providing
feedback that they developed multiple abilities during the study process. The interview results indicated that teachers
generally believed that using design thinking methods to understand students'real needs, define teaching problem:s,
and devise instructional design solutions, along with testing and promptly adjusting the effectiveness through teach-
ing practices, played a highly positive role in improving teaching and student learning outcomes. A comparison

of exam scores showed a significant improvement in the exam scores of the class of 2021 stomatology students

in the flipped teaching chapters compared to the class of 2020 stomatology students, and this difference was statisti-
cally significant. However, due to the limitation of the experimental chapter scope, there was no significant difference
in the overall course grades.

Conclusion The study explores the application of design thinking in histology and embryology teaching, revealing
its positive impact on innovative teaching strategies and students’learning experience in medical education. Online
flipped teaching, developed through design thinking, proves to be an effective and flexible method that enhances
student engagement and fosters autonomous learning abilities.

Keywords Flexible hybrid teaching, Design thinking, Flipped teaching, Histology and embryology, Basic Medical
Education
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Research background and motivation

Histology is the study of the microstructure and related
functions of the human body [1], while embryology
studies the laws and mechanisms of ontogenesis and
development; these two sciences are interrelated and
self-contained [2]. As one of the important professional
core programs of most medical specialties, Histology and
Embryology (HE) has been an indispensable curriculum
bridge between normal microstructure and pathological
changes in tissue and organs.

The teaching targets of HE are mainly first-year under-
graduate students in clinical medicine, psychiatry, stom-
atology, nursing, etc. The importance of fostering the
development of empathy in undergraduate students is
continuously emphasized in international recommenda-
tions for medical education [3]. Freshmen have a certain
ability to think logically and analyse problems, but this
ability is limited, and they have a yet to develop familiar-
ity with scientific research hotspots. Moreover, they are
often unaware of their creative potential, and this phe-
nomenon often causes them to passively accept knowl-
edge, and their autonomous learning ability and student
participation in class are less than that of upperclassmen.
These first year students face the need to develop scien-
tific literacy and the ability to integrate theory with prac-
tice [4]. However, traditional teaching methods may have
failed to fully meet students’ need for a profound under-
standing of these abstract concepts, leading to challenges
such as low interest in learning and inadequate knowl-
edge absorption. Consequently, educators urgently need
to seek innovative teaching strategies to enhance stu-
dents’ learning experience and academic performance.

In the information age, teacher teaching is no longer a
simple superposition of knowledge and teaching meth-
ods but a fusion innovation of technology and teaching
oriented to a more complex learning environment. The
Teacher Standards issued by the American Educational
Technology International Association note that the
important role of future teachers is that of a "designer”
[5]. DT combines a creative and innovative approach
to dealing with complex problems, which serves as a
valuable tool for those seeking to improve the challeng-
ing issues in medical education [6]. DT is a process of
analysis that relies on the deconstruction of ideas and a
creative process that relies on the construction of ideas.
There are no judgements in DT. This eliminates the fear
of failure and encourages maximum input and participa-
tion. Wild ideas are welcome since they often lead to the
most creative solutions. Everyone is a designer, and DT is
a way to apply design methodologies to any situation [5].

In the field of education, DT has been advocated as a
means to promote the cultivation of innovative talent
through innovative teaching methods. With the help of DT,
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and adhering learning as the concept in teaching, the trans-
formation of teaching allows learners to explore real needs
in real life scenes, to propose innovative solutions to meet
those needs through teamwork, and to test the effectiveness
of those solutions through prototype production. This pro-
cess facilitates the further application of constructivism [7].

In the process of both conventional teaching and teach-
ing innovation, the research team utilizes the “EDIPT”
(Empathy, Define, Ideate, Prototype and TEST) DT
theory [8] which originating in the Stanford University
Design School to design teacher activities and student
activities and select technical tools [9]. The basic pro-
cess is shown in Fig. 1. The team is very accustomed to
consciously applying DT methodology when facing diffi-
culties and challenges to consistently obtain the desired
results [10]. This study sets the teaching objectives and
plans of a large cycle (one semester) to guide the teach-
ing implementation of a small cycle (one section or
one chapter); Then, small-cycle teaching feedback and
achievement accumulation promote the progress of
large-cycle teaching to ensure the coherence, effective-
ness and improvement of teaching reform. For example,
the difficult problem in the process of cardiovascular
system embryogenesis is atrial separation; the team uses
cardboard and plastic film to construct room partition
"products” [11] to provide vivid explanations and body
movements for clearer explication. In another exam-
ple, they integrate scattered knowledge points includ-
ing cleavage, blastocyst formation and implantation into
a unified narrative called "the initial journey." It solves
the pain point that the dynamic abstraction of embryol-
ogy knowledge is difficult to intuitively understand. The
above are two examples of using EDIPT steps of design
thinking to solve teaching pain points.

Research objectives and significance

In the 2021 Horizon Report: Teaching and Learning Edi-
tion, blended learning was once again selected as the key
technology affecting the future development and practice
of higher education [12], demonstrating great application
potential. In this format, the teaching team adheres to the
following practical principles to promote more blended
learning courses to ensure high-quality outcomes [13].
In the recent period of epidemic prevention and control,
effective online teaching combines asynchronous and
synchronous delivery modes, addresses knowledge learn-
ing and ability development, and highlights interaction in
teaching activities to improve the online teaching expe-
rience for both teachers and students and enhance the
overall quality of online teaching. Online teaching is not
simply an emergency measure taken during the epidemic
but rather represents the future trend of education.
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Fig. 1 Problem solving steps incorporating DT

The aim of this study is to explore the application of
design thinking in the teaching of histology and embry-
ology courses. By investigating the impact of design
thinking in the teaching process, we aim to gain a deeper
understanding of the effects of this innovative teaching
strategy on students’ learning experience and academic
performance, as well as its potential applications in medi-
cal education.

The significance of this research lies in its contribution
to medical education with novel teaching methods and
strategies. By incorporating design thinking, educators
can better cater to students’ learning needs and enhance
their comprehension and mastery of the subject matter.
Furthermore, this study contributes to the expansion
of teaching research in the field of medical education,
providing valuable insights for educational reform and
improvements in teaching quality.

The analysis of the correlation between design thinking
and this study

Design thinking plays a crucial role in formulating the
educational reform. During the empathize phase, an in-
depth understanding of teachers’ and students’ needs
and challenges is achieved. This includes consider-
ing teachers’ expectations and pedagogical beliefs, as
well as students’ learning styles and feedback, leading
to a clear definition of the problem and setting specific

Apprehend mission
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objectives for the educational reform. In the define phase,
the importance of improving teachers’ pedagogical
approaches and methods, and cultivating students’ crea-
tive learning and competencies is underscored. This
serves as the foundation for selecting appropriate teach-
ing strategies and establishes the specific direction for
incorporating design thinking in the flipped classroom
model. During the ideate phase, innovative thinking
is employed to explore diverse teaching strategies. For
enhancing teachers’ pedagogical approaches, approaches
such as case-based teaching and collaborative learning
are recommended to stimulate students’ intrinsic motiva-
tion for active learning. For promoting students’ creative
learning and overall competencies, methods like pro-
ject-based learning and critical thinking cultivation are
considered to facilitate holistic student development. In
the prototype phase, the devised teaching strategies are
implemented in the flipped classroom setting. Continu-
ous prototyping and rapid experimentation facilitate the
collection of valuable feedback and data from students
and teachers, enabling further optimization of the teach-
ing strategies to align with the original intent of design
thinking. Finally, in the test phase, a comprehensive eval-
uation of the teaching implementation is conducted. By
collecting and analyzing data, the study delves deep into
the impact of the educational reform on teachers’ peda-
gogical beliefs and students’ creative learning and overall
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competencies. This process provides crucial feedback
and evidence for the ongoing improvement of the educa-
tional reform.

In conclusion, the selection of flipped classroom as a
pedagogical strategy is closely guided by design think-
ing principles. Through the application of design think-
ing, this observational study aims to enhance teachers’
pedagogical approaches and methods while fostering stu-
dents’ creative learning and overall competencies, thus
promoting the successful implementation of the educa-
tional reform”

Flipped classroom sessions can also allow learners to
gain competence through their educational endeavours
[14]. As Bransford writes, “To develop competence in an
area, students must: a) have a deep foundation of factual
knowledge, b) understand facts and ideas in the context
of a conceptual framework, and c) organize knowledge in
ways that facilitate retrieval and application” [15]. Flipped
classrooms can lead to competence in factual knowledge
by fostering mastery of content through content under-
standing and application, as in traditional classrooms
[16].

“O-PIRAS" Flipped classroom

The flipped classroom teaching model used in this study
was formed and adjusted on the basis of Professor Jian-
peng Guo’s “O-PIRTAS” model. The flipped teaching
mode can enable both teachers and students to acquire
further abilities through teaching activities [17].

The first step(O: Objective) in flipped classroom teach-
ing design is to formulate two types of teaching objec-
tives: low level and high level. The lower level teaching
objectives include two cognitive objectives from Bloom’s
classification of teaching objectives: the memory and
understanding of knowledge, while the higher level
teaching objectives include four cognitive objectives from
Bloom’s classification: application, analysis, evaluation

Low and high
order target

reflection and
improvement

promote in-depth
learning and achieve

Fig. 2 Process of "O-PIRAS" flipped teaching
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and creation, as well as objectives pertaining to move-
ment skills and emotion [18]. The second step is to design
a preparation activity (P: Preparation) for students to
complete before class, which helps students form neces-
sary prior knowledge and stimulates their learning moti-
vation by exploring relevant issues prior to the class [19].
The third step is for teachers to send teaching materi-
als (I: Instructional video) to their students for pre-class
learning to facilitate their early acquisition of knowledge
[19]. Fourth, teaching is transferred from online classes
to offline classes. The teacher briefly reviews (R: Review)
the video content before class to help students quickly
focus on and prepare for the next stage of learning both
cognitively and psychologically. Fifth, teachers should
design classroom activities (A: Activity) appropriate to
high-level teaching objectives to promote in-depth learn-
ing and successfully achieve high-level objectives. Sixth,
teachers should conduct classroom summaries (S: Sum-
mary), reflection and improvement to help students form
integrated structured knowledge. The six steps of flipping
the classroom link form a closed loop, which can be sum-
marized as in Fig. 2.

Methods

Research method and data collection

Conveniently selecting 156 undergraduate students
majoring in Dentistry from the 2021 cohort of Jining
Medical University, we designated classes 1 to 3 as the
class of 2021 stomatology students. As the class of 2020
stomatology students, we chose 155 undergraduate stu-
dents majoring in Dentistry from the 2020 cohort, also
from classes 1 to 3. Prior to the start of the study, we
conducted communication sessions with both teach-
ers and students, ensuring that all students were well-
informed about the study and provided their consent.
The two groups of students had the same course hours,
faculty resources, learning materials, and learning spaces.

. Stimulate learning motivation
develop prior knowledge

early acquisition of
knowledge

R: Review

help students quickly
focus on
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The only difference was the application of design think-
ing methods in course and teaching design, including the
implementation of flipped classroom teaching, specifi-
cally tailored for the 2021 cohort of students.

Data collection was conducted through various meth-
ods, including distributing questionnaires, conducting
pre-, mid-, and post-research interviews, and recording
course and corresponding chapter test scores. The imple-
mentation chapter selected the respiratory system, which
plays a bridging role within histology, and the female
reproductive system, which plays a transitional role
between histology and embryology.

Before studying "Respiratory System’, students have
already mastered the basic methods of using design
thinking to learn histology, and have a deep understand-
ing of the four basic tissues and two types of organs
(hollow and substantial organs). The main organs of the
respiratory system—the trachea and lungs—belong to
two types, respectively. The female reproductive sys-
tem, as the concluding chapter of histology, is separated
from the flipped classroom of the respiratory system
by two weeks, leaving appropriate time for teachers to
iteratively design and students to adapt to new meth-
ods. Four surveys were administered during the research
process: Pre-flipped classroom survey for Chapter 16
"Respiratory System", Post-flipped classroom survey for
Chapter 16 "Respiratory System", Pre-flipped classroom
survey for Chapter 19 "Female Reproductive System", and
Post-flipped classroom survey for Chapter 19 "Female
Reproductive System", to gather student feedback and
opinions on the teaching methods. The questionnaires
were designed based on the research objectives and ques-
tions, and were refined through pre-testing to ensure
clarity, accuracy, and appropriateness of the questions
and options. The questionnaire mainly includes the fol-
lowing dimensions: (1) Basic information of students,
Q 1-3; (@ Learning and satisfaction: Q 4, What is the
division of labor in your group in this cooperation? Q
7, About flipping class, how long will you spend study-
ing before class? Q 6 Compared with the last flip class,
are you satisfied with the teacher’s teaching time in this
flip class? Q 12, What are you most satisfied with this flip
class? (3) Learning experience and ability improvement:
Q 5, What kind of class learning form do you like best in
flip class? Q 8, What are your learning pain points or dif-
ficulties after this flip class? Q 9, What abilities have you
improved in this flip class? @ Classroom Improvement
and Feedback: Q 11, What are the advantages of this
flip class compared with the last flip class? Q 10, In the
course of embryo formation, do you like to use flip class
for multiple course contents? Q13, What suggestions do
you have for improving the embryo flipping class? Inter-
views were conducted at various stages, including before
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the study to understand teaching pain points, during the
research process to gauge teachers’ and students’ atti-
tudes and perspectives on the teaching activities, and
after the study to obtain overall feedback. Additionally,
we conducted both stage-specific and overall tests, and
promptly collected relevant data for comparative analysis
with the class of 2020 stomatology students. These data
provided comprehensive insights into the performance
and experiences of students in both the experimental and
class of 2020 stomatology studentss.

Application of design thinking in course design

In course design, we employed design thinking meth-
ods to redesign the histology and embryology curricu-
lum. Firstly, we gained a deep understanding of students’
learning needs and interests to define course objectives
and content. Secondly, we innovatively designed online
materials and videos to enhance the appeal and practical-
ity of the learning experience. We encouraged students to
actively participate in discussions and problem-solving
during class to unleash their creative potential. Addition-
ally, we continuously optimized the teaching content and
methods through iteration and feedback to ensure a sus-
tained improvement in teaching effectiveness. Through
the application of design thinking in course design, we
expected to optimize the teaching process, enhance stu-
dents’ learning experiences, and improve their academic
performance.

Design and implementation of flipped teaching
The HE course covers 22 chapters, totaling 60 h, includ-
ing 44 h of theoretical classes and 16 h of practical
classes. The theoretical teaching is roughly divided into
three stages: the first stage consists of 12 h, focusing on
introducing the four basic human tissues; the second
stage comprises 18 h, covering the structure of human
organs and systems; and the third stage spans 14 h, elu-
cidating the process of human embryonic development.
To facilitate a deep understanding and mastery of human
tissue structures, four practical classes, each lasting 4 h,
are incorporated to complement the theoretical content.
The entire course relies on a blended teaching
approach, combining online and offline instruction, lev-
eraging the resources of Shandong’s top undergraduate
course in HE, and utilizing the "Zhidao" flipped class-
room tool. At the beginning of the course, the teachers
introduce the purpose, teaching process, weekly plan,
grading components, and assessment methods of incor-
porating design thinking into the blended HE teaching.
The flipped classroom teaching for the class of 2021
stomatology students is set between two stage tests to
investigate whether this innovative teaching method has
an impact on students’ test scores.
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The teaching team consists of 4 associate professors
and 3 lecturers, with an average teaching experience of
11.4 years in teaching nursing major foundation courses
and possessing rich teaching experience. In addition, the
project leader and team teachers have undergone multi-
ple training sessions in design thinking innovation and
systematic training in domestic and on-campus blended
teaching theories.

At the beginning of the semester, the curriculum teach-
ing plan should be formulated, and chapters suitable
for flipped teaching should be selected according to the
teaching plan” and content characteristics [20]. Teach-
ing and research team members should jointly analyse
the teaching content and formulate the flipped classroom
syllabus [21], clarify teaching objectives (knowledge
objectives, ability objectives and emotional objectives,
i.e., low-order objectives and high-order objectives),
develop chapter teaching plans and teaching course-
ware (traditional classrooms are obviously different from
flipped classrooms) [22], record pre-class video (design
the course content in a fragmented way and system-
atically present it in accordance with the teaching plan)
[23], divide students into groups and engage with all stu-
dents through “zhidao” teaching software and the QQ
class committee. The specific design and implementation
plan for the preparation of the above teaching materials
for a flipped classroom course on the respiratory system.
The teaching team seminar is held three weeks before the
class.

While completing the preparation of teaching materials
in accordance with the teaching plan, the team clarified
what methods and tasks teachers and students should
complete before and during the implementation of the
flipped classroom so that everyone can understand the
design intent of these teaching activities to facilitate more
satisfactory teaching results.

Practice processes and instructional evaluation

The teaching design was discussed and approved by all
members of the research team and used in the classroom
teaching of respiratory system conversion with slightly
modified specific content. One week before class, it was
distributed through the zhizhuishu teaching platform to
all the students [24] participating in flipped classroom
teaching. The resources provided to students include
preview materials, textbook chapters, courseware, vid-
eos, etc.; Preview questions, some questions related to
preview materials, guide students to think and explore,
stimulate learning interest and initiative; Learning objec-
tives, clarify the knowledge objectives, ability objectives,
and literacy objectives for pre class learning. In addi-
tion, there are also learning platforms (Wisdom Tree
Online Course-https://coursehome.zhihuishu.com/cours
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eHome/1000007885/199185/20#0onlineCourse),WeChat
class group chat, learning community. In flipping the
method of respiratory system class delivery, the team first
tried to perform a complete flip of the class. At the begin-
ning of the class, the teacher clarified six themes, and
then the group spokespersons demonstrated their under-
standing of all the knowledge points, including key points
and difficulties, in class by drawing lots. The teams pro-
vided feedback for each other. The teacher only played
a guiding role in the activities involving the entirety of
the class. After summarizing the classroom content, the
teacher assigned homework, such as creating mind maps
and engaging in thematic discussions on the learning
platform, and distributed the questionnaire regarding the
group pre-class preparations, classroom activities and
learning experiences for the respiratory system flipped
classroom. The questionnaire mainly consists of the fol-
lowing questions. How was the work divided among your
team for this activity? What kind of in-class learning style
do you like best in the flipped classroom? Compared
with the last flipped classroom, are you satisfied with the
length of teaching in this flipped classroom? How long
do you spend on pre-class learning for a flipped class?
What are your learning pain points or difficulties after
this flipped lesson? What abilities have you improved in
this flipped classroom? Are you satisfied with the length
of lectures in this class compared with that in the last
flipped class? What percentage of the course content
do you prefer to be delivered by the flipped classroom
model? Compared with the last flipped classroom, what
are the advantages of this flipped classroom? What you
are most satisfied with in this flipped lesson? Please offer
suggestions for the improvement of your flipped class on
embryos.

According to the steps and links involved in DT, when
the “product” (teaching plan) is tested and problems are
found, the design team should complete the iteration as
soon as possible to better meet the needs of “customers”
(students)[25, 26]. Three days after the questionnaires,
the teaching team adjusted the flipped classroom teach-
ing design scheme for the Female Reproductive Sys-
tem course according to the questionnaire results, and
arranged the pre-class tasks one week prior to the class,
which differed from the previous class. Explanations of
key points and difficult points were appropriately added
to the teaching design, which did not depend on students
as thoroughly as it had the last time, reducing the diffi-
culty of the flipped classroom to a certain extent, improv-
ing students’ level in participation, and improving the
learning effect and teaching quality of the class.

A total of four questionnaires were distributed before
and after the two flipped classes, and video recordings
were made of the flipped classroom teaching process
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for a nursing and a stomatology class. Tencent confer-
ence recording instructions were issued by teachers. HE
course scores consisted of three parts, including the usual
score (30%), experimental score (10%) and final score
(60%). The course scores of the 2021 nursing class and
stomatology class were derived from the education man-
agement system of Jining Medical College, and the course
scores of the nursing and stomatology majors who did
not classes that had implemented online flipped class-
room teaching in 2020 were derived as a control. Com-
paring the proportion of students in each of two grades,
the total correct response rate of test questions, and the
correct response rate of respiratory system and female
reproductive system course test questions delivered
through flipped classroom teaching were analysed using
GraphPad Prism software through the statistical method
of multiple or unpaired t tests.

Results

Teaching strategies developed using design thinking
methods improves multiple student abilities

According to the results of the questionnaire distributed
before the beginning of the first flipped class, 51.2% of
the students reported not understanding the new learn-
ing method and that they could not check the data, 21.6%
of the students were not interested in flipped lessons and
preferred traditional passive learning methods, 25.6%
of the students said that they did not have strong self-
control and were unwilling to take the initiative to learn,
56.8% of the students said that they had a great fear of
speaking in front of their classmates and that their public
speaking skills were not strong, and 46.4% of the students
did not know how make suitable PowerPoint Presenta-
tion (PPT). After two sessions of flipped classroom learn-
ing, the majority of students felt that their pain points
had been effectively solved and various abilities had been
developed. The results of the question after the flipped
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classroom teaching of the female reproductive system are
shown in Table 1.

Positive feedback and growth experience of students

in teaching strategies developed using design thinking
methods

The informal discussion following the flipped lesson on
the female reproductive system shows that compared
with the "Teacher almost let go" response in the previ-
ous respiratory system flipping class, the students are
more inclined to respond with "The teacher will solve
the problems left in our preview," "Feedback is provided
between groups, and the groups are complementary,”
"The teacher emphasizes the key points, explains the pro-
cess in detail, and plays videos to consolidate knowledge,"
and " the teacher commented on the performance of the
group speaker”. The students thought that after two ses-
sions of participation in a flipped classroom, "We are
more active in learning and the classroom design is more
live," and "The students are more involved and confi-
dent." "By applying design thinking to study the course of
organizational design, I have found new learning meth-
ods and approaches, and successfully applied these learn-
ing methods to other courses, which has benefited me
greatly."

The comparison results of grades

Under the premise that there is no significant differ-
ence in the difficulty of test questions and other criteria
between the flipped and traditional classrooms, the class
of 2021 stomatology students’ course scores showed a
slight improvement. However, there was no significant
difference in the distribution of the number of students
in each score segment compared to the class of 2020
stomatology students. In contrast, for the chapters that
implemented flipped classroom teaching, specifically the
respiratory system and female reproductive system chap-
ters, the class of 2021 stomatology students’ test scores

Table 1 Results of the Question “What abilities have you improved in this flipped classroom?”

Options Subtotal Ratio
autodidacticism and deep understanding ability 112 — 89.6%
team-work spirit 96 L] 76.8%
Language, expression and communication ability 106 L 84.8%
Ability to analyse and solve problems 110 L] 88%
Logical thinking ability 101 ] 80.8%

Number of appropriate questionnaire responses 125
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showed a significant increase. The difference between the
two groups was statistically significant. The details are
depicted in Fig. 3.

Discussion

Firstly, significant achievements have been made in
enhancing students’ overall abilities through the applica-
tion of design thinking methods in formulating flipped
classroom teaching strategies. Preliminary surveys
revealed various challenges faced by students before the
commencement of the flipped classes, including diffi-
culties in understanding new learning methods, lack of
interest in flipped classes, low self-discipline, and fear of
public speaking. However, after two sessions of flipped
classroom learning, the majority of students believe
that their pain points have been effectively addressed,
and various skills have been developed. This aligns with
the findings of previous research by Awan OA [15],
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indicating that the application of design thinking meth-
ods in teaching strategies can significantly enhance stu-
dents’ subject engagement and skill development.
Secondly, regarding the positive feedback and students’
growth experiences in applying design thinking methods
to formulate teaching strategies, there is a positive trend
observed in informal discussions following the flipped
classroom on the female reproductive system. Students
tend to perceive a more proactive role played by teach-
ers in the flipped classroom, addressing the issues they
encountered during previewing. Students also high-
lighted the complementary feedback provided among
groups, emphasizing the importance of teamwork. Addi-
tionally, students positively acknowledged the efforts of
teachers in emphasizing key points, providing detailed
explanations of processes, and reinforcing knowledge
through video presentations. They believe that this teach-
ing approach stimulates their interest in learning and
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Fig. 3 Distribution of final exam scores for the two graduating classes. A The proportion of students in different grades, no significant difference
Statistical method: Multiple t tests. B Total accuracy, no significant difference. Statistical method: Unpaired test. C The accuracy of flipped classroom
chapters, unpaired test, P<0.05. Mean + SEM of column A 0.7075+0.009587 N=3, Mean + SEM of column B 0.7913+0.02872 N=3
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enhances their motivation. This aligns with the findings
of research by Scheer A [7] and Deitte LA [11], support-
ing the positive impact of design thinking methods in
education.

Finally, the results of the performance comparison
indicate that there is no significant difference between
flipped classroom and traditional classroom based on
criteria such as question difficulty. However, the overall
grades of the 2021 cohort of dental medicine students
have shown a slight improvement. Specifically, in the
chapters on the respiratory and female reproductive
systems within the flipped courses, the exam scores of
the 2021 cohort students have significantly increased,
and this difference is statistically significant. This sug-
gests that the flipped classroom teaching formulated
through design thinking methods has a significant
positive impact on the development of subject-specific
skills in specific chapters. This aligns with the rele-
vant findings of Cheng X [1], further emphasizing the
instructional advantages of design thinking methods in
specific topics.

Main finding

The team used DT to reveal the pain point that flexible
mixed teaching can not guarantee students’ participa-
tion and the realization of teaching objectives, and the
application of online flip classroom teaching solved this
problem well Students play a leading role in this kind of
teaching, so they need to devote more time and energy to
preview textbooks and consult relevant materials before
class to improve their autonomous learning ability It is
helpful to cultivate team spirit in flip teaching in the form
of group, which is helpful to cultivate team leadership and
management ability. The main requirements of mixed
teaching are to integrate pre-recorded videos into the
course as a whole and provide online learning resources
to supplement face-to-face teaching in an organized and
selective way [27] As assessment expert Mag says, if you
are teaching something that cannot be assessed, you are
already in an awkward position-that is, you can’t explain
the teaching content clearly [28] Therefore, reasonable
teaching objectives in mixed teaching can make teachers
and students reach a common understanding and con-
sensus on learning results, enhance emotional communi-
cation and resonance between teachers and students, and
jointly promote the implementation of curriculum teach-
ing. The successful implementation of online flip class
needs certain network and students’ enthusiasm and
cooperation At the same time, teachers need to be par-
ticularly familiar with the curriculum to design lectures
and targeted comments [29].
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Limitations and future research

In this study, the respiratory system and female repro-
ductive system in HE were selected as subjects for con-
ducting flipped classroom teaching. The examination
results shoe that although the overall course perfor-
mance has not significantly improved, the accuracy of
the chapter test questions in flipped classrooms signifi-
cantly improved, which demonstrates that this teaching
method can improve students’ learning performance
while cultivating their various abilities. It is worth
expanding the scope of implementation to more chap-
ters. However, not all chapters are suitable for flipped
classroom teaching. Because the two chapters involved
in this paper belong to the "organs and systems" module,
it does not fully reflect the applicability of this research
in this course. Some chapters of the basic tissue mod-
ule and embryogenesis module are also the scope of our
future teaching research In addition, what is the highest
proportion of total course hours converted to flip teach-
ing? All these problems need further study in the future.
What is the most appropriate ratio of total course hours
to convert into flipped teaching? These issues need to be
further studied in the future.

When DT is introduced into education, evaluat-
ing students’ learning and development becomes more
important than evaluating students’ design products or
knowledge and ability. Changes in consciousness and
attitude include whether they can fully participate in
current cognitive activities, learn independently, com-
municate and cooperate, and continuously monitor
and adjust themselves. By clarifying this guidance, we
can formulate or select appropriate evaluation criteria
through a literature review during the implementation
of the project and adjust the subsequent research con-
ditions in a timely manner according to the evaluation
results.

Online flipped teaching is an effective way to inte-
grate DT into the flexible and mixed teaching of
HE, which can effectively enhance students’ learn-
ing input and cultivate students’ autonomous learn-
ing ability. This research aims to reshape the method
of classroom teaching through the deep integration
of modern information technology into pedagogi-
cal design. Future work should appropriately expand
the scope of flipped teaching content and explore
the appropriate proportion of course content. In the
course design, various forms of cross-professional
cooperation with clinical doctors should be increased
as much as possible, and the contents of flipped class-
room should be expanded from basic knowledge to
clinical skills.
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Conclusion

Through the application of design thinking in the teach-
ing of histology and embryology courses, we have gained
a deeper understanding of its positive impact on inno-
vative teaching strategies, improvement of students’
learning experience and academic performance, and
the potential value it holds in medical education. We
have discovered that the "product” developed through
design thinking, namely online flipped teaching, serves
as an effective and flexible blended teaching method.
It not only enhances students’ engagement in learning
and fosters their autonomous learning abilities but also
encourages both teachers and students to cultivate their
innovative capabilities and reshape classroom teaching
approaches. Moving forward, further exploration should
be undertaken to determine the optimal balance for
expanding the content of flipped teaching, to continually
uncover its potential in medical education.
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