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Abstract

Objective: Traditional approaches to medical education have become inadequate, virtual simulation-based
medical education has catalyzed transformative changes in medical education while still facing inherent li-
mitations. This study explores the reform of undergraduate nuclear medicine education guided by the out-
come-based education (OBE) concept in the context of New Medicine. Subjects and Methods: Two hun-
dred twenty three clinical medicine students participated in this teaching reform study in 2023. Focusing on
student-centered learning and guided by teaching outcomes, the study aimed to refine educational ob-
jectives and optimize the use of virtual simulation. It explored a blended online and offline teaching model
tailored to the needs of nuclear medicine undergraduates. Following the implementation, students comple-
ted a questionnaire andthrough a multi-dimensional evaluation approach to assess their learning outcomes.
Results: The average comprehensive score for the 223 students was 80.4+6.2. Only 133 of all the students
completed the questionnaire, 87.2% (112/133) believed that the blended online and offline teaching appro-
ach in nuclear medicine enhanced their understanding and mastery of the learning material. Additionally,
virtual simulation teaching makes students improve their learning fun and learning efficiency, and 96.2%
(128/133) students felt that virtual simulation teaching effectively bridged the gap between theory and cli-
nical practice and improved their overall learning outcomes. However, operation complexity was identified
as a concern by 19.5% (26/133) of the student cohort, particularly in multi-step procedural simulations. Fur-
thermore, only 14.3% (19/133) of the students are highly willing to spend more time engaged in virtual simu-
lation-based teaching and 96.2% (128/133) of the students agreed that it should complement traditional cli-
nical practice instruction instead of being used alone. Conclusion: This teaching reform in nuclear medicine,
guided by the OBE concept within the framework of New Medicine, especially the application of virtual si-
mulation teaching, enables students to acquire a strong foundation in medical theory and practical skills. Gi-
ven that the new teaching methodology also has certain shortcomings, it is imperative to further integrate it
with clinical practice and continuously improve and optimize the approach.
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Introduction

he twentieth century saw significant changes in the education of health professi-

onals, driven by technological advancements [1]. New Medicine emphasizes a com-

prehensive approach to health throughout the life cycle, aligning with contem-
porary scientific and technological revolutions. The integration of artificial intelligence (Al)
into medical education has the potential to revolutionize the way students learn about
biomedical sciences [2]. Nuclear Medicine serves as a crucial bridge in clinical education,
particularly for tumor diagnosis and treatment [3]. However, its complex imaging pro-
cesses pose risks such as radiation hazard during clinical practice. Simulation-based lear-
ning (SBL) allows students to engage in realistic scenarios without patient harm, making it
an ideal method for enhancing nuclear medicine education [4]. Despite the rapid progress
in SBL research, the application of virtual simulation in nuclear medicine remains under-
developed.

Outcome-based education (OBE) prioritizes student learning outcomes over instructi-
onal processes.This approach requires a backward design of the curriculum, ensuring alig-
nment with the goals of New Medicine and the capabilities of students [5]. The COVID-19
pandemic has further highlighted the effectiveness of hybrid teaching models, integra-
ting face-to-face and online learning [6]. This study aims to define clinical teaching requ-
irements for nuclear medicine under the New Medicine framework, enhancing the SBL
platform and developing a mixed teaching model to improve educational quality and pro-
duce skilled medicalprofessionals.
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Subjectsand Methods

Participants

This study included 223 undergraduate clinical medicine
students from four classes in the first and second halves of
2023. There are no teaching ethical problems in this study
and the Medical Ethics Committee of Guangxi Medical Uni-
versity Cancer Hospital has approved the protocol (Approval
Number:LW2025004).

Teaching design and reform implementation inven-
tory

1) Sort out and improve the curriculum objectives, and set
clear and progressive hierarchical teaching objectives (Fi-
gurel).

This teaching reform was guided by the concept of OBE
and resets the overall teaching objectives based on the de-
velopment requirements of new medicine and students'
ability. This process requires investigation and demonstra-
tion of teachers, school administrators, students and emplo-
yers, and modification and optimization on the basis of tra-
ditional curriculum objectives. After establishing the overall
goal of the course, we set up clear and step-by-step small
goals according to the overall goal of the course, and realize
the corresponding relationship between the teaching effect
andtheteaching goalintheteaching design.

2) Rich curriculum ideological and political teaching reso-
urces.

Ideological education requires students to understand
their mission and responsibility, and have good medical
ethics. On the one hand, as the engineers of the human soul,
teachers bear the great responsibility of teaching and culti-
vation, and should carry out all aspects of network learning,

classroom teaching and after-class talk education. On the
other hand, the teaching content should be refined and tran-
sformed, and the cross-era medical humanistic materials
(such as medical history, etc.) should be integrated into the
teaching of nuclear medicine. Thirdly, we should carry out
various forms of clinical practice, volunteer service and other
activities to expand the methods and ways of curriculum
ideological and political construction.

3) Reform teaching methods and organizational forms, op-
timize teaching means and resources.

Combined with the network learning platform of Chinese
universities massive open online course (MOOC) and super-
star, we carried out a mixed teaching mode that class teaches
and group discussion team-based learning (TBL), teacher te-
aching and student participation, concentrated learning and
independent learning, and online teaching and offline te-
aching.

4) Actively promote simulation based learning (SBL).

Simulation based learningrepresents a man-made illustra-
tion of a true world to attain instructional motives through
experiential learning. The main principle behind simulation
learning is to utilize simulation aids to mimic real clinical sce-
narios. With the "east wind" of new medicine, we actively pro-
moted and optimized the virtual simulation projects of po-
sitron emission tomography/computed tomography (PET/
CT) tumor imaging and iodine-131 (**'l) treatment of diffe-
rentiated thyroid cancer" in Nuclear Medicine (Figures 2, 3),
intuitively imparts abstract functional imaging knowledge of
nuclear medicine to students and carry out virtual clinical
practice.

Teaching procedures

The curriculum implementation process is mainly divided
into four parts: online learning, classroom learning, clinical
practice and after-class reflection (Figure 4).

Clinical practice and
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Figure 1. Progressive hierarchical teaching objectives.

www.nuclmed.gr

Hellenic Journal of Nuclear Medicine * September-December 2025



Original Article

Figure 2. Screenshot of the Virtual Simulation Project (PET/CT Tumor Imaging), illustrating students performing virtual operation of the PET/CT equipment for patient

examination.
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Figure 3. Screenshot of the Virtual Simulation Project ("'l treatment of differentiated thyroid cancer), illustrating students performing virtual rounds and guiding patients to

take radioactive 'l medication.

Evaluation of teaching effect

Using the platform of network learning and virtual simula-
tion teaching, classroom test, final examination and questi-
onnaire survey to set up a multi-dimensional evaluation and
assessment system to evaluate the teaching effect and teac-
hing quality (Figure 5). The questionnaire survey was desig-
ned by the teaching team. All questionnaires were distribu-
ted through an online questionnaire survey platform named
SoJump at the end of the early stage of the course, which
mainly investigated the effectiveness of the teaching reform
andthe SBL.

Statistical analysis

Data were analyzed using the statistical software SPSS
(version 24.0 (Armonk, NY: IBM Corp.) and Microsoft Excel
2021.

Ethical considerations

This study was approved by the Guangxi Medical University
Cancer Hospital Ethical Review Committee (approval num-
ber: Lw2025004). We explained that there would be no dis-
advantage even if the survey subjects refused to participate
in the survey and that even if they consented, the disclosed
data would not contain any personally identifiable informa-
tion. Additionally, we confirmed that no personally identifi-
able information was included in the free text section of the
questionnaire.

Results

Comprehensive performance

The evaluation of student performance was based on a multi-
dimensional evaluation and assessment system, comprising
a final examination (60%) and a process evaluation (40%).
Among the 223 students, scores ranged from a low of 60.3 to
ahigh of 93.5, with an average score of 80.4+6.2. Detailed sco-
redistribution is presented inTable 1.

Table 1. Overall score distribution of 223 students.

Grade Number of

distribution students Proportion
60 ~ 70 11 4.9%
70~80 93 41.7%
80 ~ 90 108 48.4%
290 11 4.9%

Questionnaire survey

A total of 133 questionnaires were collected to assess stu-
dents' perceptions of the teaching methods. The results in-
dicated that 87.2% (112/133) believed that the blended on-
line and offline teaching approach in nuclear medicine en-
hanced their understanding and mastery of the learning
material. Additionally, virtual simulation teaching makes
students improve their learning fun and learning efficiency,
and 96.2%(128/133) students felt that virtual simulation te-

Hellenic Journal of Nuclear Medicine * September-December 2025

www.nuclmed.gr



Original Article

oL, Liferature reading |}—

Omline learning
platform of MOOC
and Superstar i |
Student | Lew :
4 - B I order
- Students create their 1 1
Y | target |
Assizn R T
Online
[/ '< tasks
Learning L_ Omline exam e
Teacher
s Learning effect feedback
preparation
Personalized ~ Lectures of Key points and
teaching difficulties s el
I Middle |
I I
i order
v il B 4 Flipped classroom 1 |
knowledze : tarzet |
Teaihin - > |
] ; Offline < en— Imteraction and discossion Rl e
design and ClassToom
procedures
“ | Comments and summary
¥
T o | 5kills practice = Virtual simulation of clinical
[ ! practice
]
1
1
! L4 _ " . .
I Beview after class Extracurricular practice
. Second
| [—=— ==
: Classroom Clinical practice I High :
II : order |
| Participate in  scientific | target |
II research b——l
1
I . ! Stodents, universifies and
| Questionnaire survey R
| employers
i l\ Summary
: . Examination results —
Azsersment and examination
1 Feedback
1
1 1
| I Teacher and expert evaluations
Cuidance and
Improvement
Figure4.Teaching design.

www.nuclmed.gr Hellenic Journal of Nuclear Medicine * September-December 2025



Original Article

Choice question

Fimal
f"| eramination Waiey eiaalo
(60%0)
Climical Case analysis
Sigm-im (292
Alunlti-dimensional
evaluation and < Learning time (3%%)
assessment system Online
;| learming Interaction {3%4)

{20062

Ounline test (12% 2}
Process
| assessment(40%0) < - Creation and teaching of the

presemtation {5042

Offline

“| jearni { Classroom test (3%

(2084
Class discussion (2%)
Homework (5%

\ Clinical skill asseszment
(5% )

Figure 5. Amulti-dimensional evaluation and assessment system.

aching effectively bridged the gap between theory and clini-
cal practice and improved their overall learning outcomes.
However, Operation complexity was identified as a concern
by 19.5% (26/133) of the student cohort, particularly in mul-
ti-step procedural simulations. Furthermore, only 14.3% (19/
133) of the students are highly willing to spend more time
engaged in virtual simulation-based teaching and 96.2%
(128/133) of the students agreed that it should complement
traditional clinical practice instruction instead of being used
alone.

Discussion

Traditionally, medical education has relied heavily on didac-
tic lectures during the preclinical phase, serving as the pri-
mary means of information transfer from instructors to stu-
dents. However, this model has faced significant challenges
[7], prompting the need for modern learning techniques.
New Medicine, in response to rapid technological advance-
ments, calls for an update in teaching concepts and objecti-
ves to align with the evolving landscape of data-driven diag-
nostics and treatments. Our reform, guided by the OBE fra-
mework, aims to reset educational goals to meet the require-
ments of New Medicine while considering students' abilities.
We have integrated humanistic education into the curricu-
lum, enhancing clinical cases and incorporating virtual simu-

lation and extracurricular practices. This approach not only
fosters theoretical understanding but also deepens stu-
dents' grasp of nuclear medicine technology through prac-
tical training. Our virtual simulation course in nuclear medi-
cine is pioneering in the country, providing valuable insights
and guidance for future educational practices.

In recent years, our teaching team has adopted various in-
novative methods, such as participatory teaching, problem-
based learning (PBL), and case-based learning (CBL). These
strategies have transformed the conventional lecture format
and positively impacted student performance across basic
medical sciences [8]. By leveraging platforms like MOOC and
Superstar, we implemented a mixed teaching model that ba-
lances large-group instruction with student participation
and independent learning. Students engage in discussions
and presentations, promoting deeper internalization of
knowledge, as they navigate both online contentand in-per-
son interactions. A survey results revealed that the oncam-
pus practical training using simulators deepened students'
understanding of the content they had encountered in clas-
sroom lectures, which provide oncampus practical training
to students using simulators that enhance understanding of
nuclear medicine technology [9]. By using a simulator to pro-
cess nuclear medicine radionuclide clinical practice, stu-
dents can repeatedly engage in operation processing and
avoid radiation. Our course of virtual simulation in nuclear
medicine is the first in the country, and the experience and
shortcomings are summarized in practice, which provides ef-
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fective guidance and reference for the informationization
teaching practice of nuclear medicine. Despite these advan-
cements, challenges remain, particularly regarding students’
time allocation for studying nuclear medicine, which is often
overshadowed by more recognized disciplines like internal
medicine and surgery. The general lack of understanding of
nuclear medicine among students and the public further
complicates thisissue.

In medical education, there are different evaluation tools
to gauge the implementation of OBE, for instance, course
reports appraisals, self-study evaluations, program annual
reports, student surveys, and external and internal reviews
[10]. Previously, our evaluation of learning relied solely on
examination scores, which do not fully capture students'
clinical abilities. To address this, we have diversified our as-
sessment tools, incorporating course reports, self-evaluati-
ons, student surveys, and both internal and external revi-
ews. Research has indicated that online assessments can yi-
eld results comparable to traditional lectures [11]. With OBE
as our guiding principle, we have enhanced our evaluation
system to include a variety of metrics-final exams, process
evaluations, and both online and offline assessments-facili-
tating a more comprehensive evaluation of students' practi-
cal skills and innovative capabilities. Overall, our multi-di-
mensional evaluation demonstrated excellent student per-
formance, with most participants believing that the hybrid
teaching model significantly improved their understanding
and application of nuclear medicine concepts. Additionally,
the use of SBL was recognized for its effectiveness in brid-
ging theoretical knowledge with clinical practice.

Limitations of the study and future research implica-
tions

One key limitation of this study is the difficulty in controlling
the actual learning conditions of students during online in-
struction. Students may engage in passive learning, and on-
line assessments could be compromised by collaborative ef-
forts among classmates, leading to an inaccurate understan-
ding of individual student progress. Additionally, the process
evaluation is inherently subjective, which can affect the reli-
ability of the results. Furthermore, we identified that the con-
tent of the virtual simulation resources does not always align
perfectly with clinical applications.To enhance the undergra-
duate teaching reform in nuclear medicine, we plan to incor-
porate scientific knowledge graphs in future research. This
approach will help us better understand students' and soci-
etal needs dynamically. We will also establish clear teaching
objectives and refine our teaching plans, ensuring that the
content of the virtual simulation practice platform is continu-
ously updated and optimized for greater relevance to clinical
practice.

In conclusion, this study, guided by the principles of OBE
and incorporating SBL, investigates a mixed teaching model
that effectively combines online and offline elements tailo-
red to the needs of nuclear medicine. The multi-dimensional
evaluation demonstrated outstanding student performance,

and the questionnaire results indicated that the majority of
students found the hybrid teaching approach beneficial for
enhancing their understanding and mastery of the subject.
Additionally, SBL proved effective in linking theoretical con-
cepts to clinical practice. This teaching reform equips stu-
dents with essential theoretical knowledge and practical skil-
Is, fostering a strong foundation in medical humanities, a spi-
rit of scientific inquiry, and clinical competency, thereby alig-
ning with national objectives for advancing New Medicine
andintelligent education.
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