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Purpose: To construct a diversified and comprehensive network teaching
model to provide highly qualified medical teaching in neurology under
COVID-19 pandemic.

Materials and methods: Published studies on medical education were
systematically reviewed and summarized. Based on previous studies and
our experience, we constructed a novel online neurology teaching model
and applied it to real scene. Students taking traditional in class lessons and
online lessons were asked to finish the test, respectively, to compare the
efficiency of learning. Questionnaires were designed and assigned to get the
feedback from students.

Results: The average test score of students who take online class
(84.27 £ 4.64) was significantly higher than those who take in class lessons
(82.08 &+ 6.17) (P < 0.01). According to the feedbacks from students, online
classes were more attractive to students than the conventional one.

Conclusion: Traditional single-mode teaching can no longer meet the needs
of current medical education, especially under the rampant epidemic. This
novel teaching mode, which orchestrates high-tech tools, diverse teaching
methods and traditional teaching concepts, provides the solution to the
challenge faced by traditional medical education. We believe that this novel
online teaching mode will boost neurology education and inspire educators
in other fields during this tough period.

COVID-19, education reform, medicine, neurology, online teaching
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1. Introduction

A pneumonia epidemic, first reported in Wuhan, Hubei
province in December 2019, has become a global issue
because of its surprising infectivity through droplets, air,
and physical contact (1). On 11 February 2019, the World
Health Organization (WHO) officially named this disease as
the coronavirus disease (COVID-19) (2) and the International
Committee on Taxonomy of Viruses named the virus as severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (3).
In this special epidemic period, traditional in class teaching
no longer meets the needs for disease control and prevention
due to the close social distance. To curb the further spread of
virus and consolidate the obtained achievements in epidemic
prevention, local governments decided to delay the reopening
of schools at all levels. Educational authorities have proposed
using online platforms and cloud classrooms for online teaching
in the extended holiday to achieve “continuous teaching even
when classes are suspended.” With richer teaching resources,
more diversified course designs and free of time limits, online
teaching has shown huge and magic power in this tough period.
Despite all these advantages, there remain some hurdles and
difficulties, such as the restrictions on course contents, the rigid
demand for digital equipment, the requirement for students’
self-learning ability and most importantly, the loosened ties
between students and teachers separated by the cold screen.
All these problems will get tougher and trickier when it comes
to clinical medical education, as it takes time to record the
changes of the patient’s condition and put theory into practice.
Therefore, it is of great importance to construct a novel teaching
mode in the COVID-19 pandemic to improve the teaching
quality for medical students.

Recently, medical education has generally adopted a
teaching method of “mainly traditional teaching supplemented
with online teaching,” which has gradually replaced traditional
“spoon feeding” and has obtained positive feedback. After
systematically reviewing the literature, we found that previous
models and methods in neurology teaching have their
limitations. Considering the dual needs of neurology teaching
theory and practice, as well as the difficulties and challenges in
comprehensive online teaching during the COVID-19 epidemic,
we have constructed a diversified online teaching method for
neurology education. We intend to combine online courses,
massive open online courses (MOOC) and virtual reality
simulation systems to improve the quality of online education.
In this article, we took neurology education as an example
to summarize the practical experience of online teaching
and evaluate diverse online teaching methods during the
COVID-19 pandemic. Besides, we combine multiple teaching
modes to construct a new diversified online teaching mode to
make up for the shortcomings of traditional online teaching.
Though developed in response to challenges under COVID-
19 pandemic, this teaching mode is also helpful in remote
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education and tans-national education, which can be further
applied in the future.

2. Study participants and methods

2.1. Design

We systematically reviewed the published papers involving
in online education and summarized the characteristics of
online teaching, neurology education and existing neurology
teaching methods. Based on this, we established a new
teaching model and applied it to the neurology teaching of
undergraduates in Xiangya Medical College of Central South
University. Students taking online and traditional offline classes
were asked to finish tests to evaluate the neurology learning
effectiveness. Questionnaire surveys were conducted to obtain
their feedback on the new teaching model.

2.2. Participants

We chose 260 clinical medical undergraduates of Xiangya
School of Medicine, 130 of them taking online courses and
others taking offline courses. Forty hours were allocated to
theoretical and practical teaching, twenty hours for each.
After 6-month classes, from February to August 2020, they
were asked to finish the test. The study was approved by
the ethics committees of the Xiangya Hospital, Central South
University. The purpose of the study was clearly explained
to the participants before distributing the questionnaire.
Informed consents were obtained, and all questionnaires were
administered anonymously.

2.3. Teaching methodology

We constructed a diversified online teaching method
in neurology education based on three aspects: resources,
processes, and services, aiming to overcome the current
challenges and improve neurology education quality during the
COVID-19 pandemic and for future education (Figure 1). This
teaching mode emphasizes on the subjective motivation and
initiative of the students and interdisciplinary cooperation of
teachers.

2.3.1. Construction of diverse teaching
resources
2.3.1.1. Online courses

Images, videos, and animations were used in the theoretical
online teaching. Continuous image photography, audio, and
short videos of positive signs of classical neurological disorders
were obtained from the Department of Neurology, Xiangya
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FIGURE 1

Construction of a diverse online neurology teaching method during the COVID-19 pandemic.

Hospital, Central South University and online education
resources. Those sources were used to construct and enrich the
positive nervous system sign image and video library (4), which
greatly arouses the interest of students and helps them to deepen
their theoretical knowledge without leaving home.

2.3.1.2. MOOCs

Since its launch in 2008, MOOCs have become a prominent
representation of remote online teaching. The emergence of
MOOCs has enabled the conversion of teaching mode from
“first teach then learn” to “first learn then teach” (5). Taking
neuroanatomy knowledge as an example, students had learned
systemic and local anatomy during the basic medicine phase
but have almost forgotten about them by the time they were
enrolled for the neuroanatomy courses. However, with the help
of MOOG, they can review those knowledges online, bridging
the knowledge gap and receiving a more efficient learning.

2.3.1.3. Virtual reality simulation systems

Medical history collection and physical examination are
indispensable for localization and qualitative diagnoses in
neurology. After teachers have displayed online videos of
neurological examinations for students, students can then
enter the virtual reality system and select different types of
neurological diseases for online simulation (6, 7). Then students
are required to make a corresponding diagnosis based on the
medical history and physical examinations.

2.3.2. Construction of diverse teaching services
2.3.2.1. Online question, answer, and summary from
teachers

Professors are responsible for giving neurology theory
while teaching assistants are responsible for the summary
and the question-and-answer sessions after online courses.
The teaching assistant should clearly know students’ questions
and provide targeted and personalized guidance for them to
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solve the problems. Carefully avoid directly giving them the
answers. They must help students understand the problems in
the diagnostic process and assist them in developing clinical
thinking. In addition, heuristic guidance is needed to open their
minds and give them timely feedback. The teaching assistants
can also use video conference to periodically summarize
knowledge in various diseases.

2.3.2.2. Discussion and mutual assistance among
students

Discussions around the central topic give students the
opportunities to voice their own opinion and open their minds.
By doing so, they can learn from each other and have a
better teamwork.

2.3.2.3. Personalized teaching services with artificial
intelligence

Students’ learning foundation, capability, and interest
are quite different. With the help of artificial intelligence,
teachers can get a clearer understanding of students’ learning
situation through questionnaires and tests, and further provide
personalized guidance.

2.3.3. Construction of diverse teaching
processes
2.3.3.1. Diversification of teaching methods

Before the course, teachers should clearly state the
learning objectives. Besides cold knowledge, warm empathy
and humanistic care are also essential for medical students
(8). Teachers can employ CBL, PBL, or flipped classrooms to
develop the initiative of students so that they can improve
autonomous learning competency within a limited timeframe.
In our new teaching mode, to make the clinical neurology
teaching diversified and personalized, teachers make and
apply microvideo chips (10-15 min) for scenario or case
simulations, which hides professional knowledge (9). Students
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are asked to discuss these cases based on groups, which
helps them to develop clinical thinking and grasp professional
knowledge better.

2.3.3.2. Diverse assessment methods

The Plan-Do-Check-Act (PDCA) cycle is currently regarded
as one of the most high-quality management methods and is
widely used in medicine. PDCA can improve medical processes
and standardize hospital workflow (10-12). The entire PDCA
cycle reflects the objective law of “understand-practice-re-
understand-re-practice” in human objective cognition. It can
also serve as a problem-solving mindset. Actually, teaching
evaluation is a type of feedback on students’ acceptance of the
teaching method and content, which is equivalent to the re-
understanding phase in the PDCA cycle. Teaching evaluation
cannot be divorced from a rational evaluation system and
a suitable evaluation entity. Besides, student evaluation from
teachers, students self-evaluation and mutual evaluation can
never be ignored as well. In addition, evaluations of teachers
and their teaching methods from students are also indispensable
as they can point out the problems in the ongoing teaching
mode. In our teaching process, we regularly obtain feedback
from students through questionnaires, and accordingly make
improvements and adjustments to the teaching model.

2.3.4. Specific implementation processes
2.3.4.1. Active learn before class

We established an online chat group for the communication
between students and teachers during the teaching process.
The teaching resources of neurology were delivered to the
students before class through the online communication.
Students watched the videos and other learning resources
based on the learning objectives and requirements released
by teachers in advance. Before the lesson, students’ interest
and their prior knowledge will be understood by means
test, group
discussions, etc., so as to adjust the depth and progress

of pre-class quizzes, anonymous voting,
of the following teaching content. We use a test including
about 10 choice questions to evaluate the mastery of teaching

content before class.

2.3.4.2. Discuss in class

In class, the professor first gives a lecture to introduce
typical cases in the form of text, PPT, pictures, videos, etc.,
to attract students’ attention and arouse their curiosity and
interest in learning. Typical cases can be presented in a
variety of ways, including but not limited to videos and
patients simulated by doctors. Then they should set clear,
appropriate, achievable and measurable learning objectives from
the perspective of students to help them understand the point
of this class. The problems discussed in class should be diverse
and vivid, so as to improve students’ interest in learning. in
addition, teacher-student and student-student interactions are
encouraged to help the students learn the knowledge better.
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These processes are conducted through Wemeet (an online
meeting application).

2.34.2. Review after class

After class, students are asked to participate in the
learning activities in a variety of interesting ways, such as
personal reports, group discussions, case studies, role plays,
and storytelling, so as to deepen the students’ understanding
and impression of what they have learned and improve their
interest in learning. Students can ask questions and the assist
teacher answers their questions and gives a summary through
the online chat group. A task will be delivered to students,
and they are asked to independently finish a diagnosis and
treatment plan, including auxiliary examination, diagnosis,
differential diagnosis, treatment, prognosis evaluation and
preventive measures, by consulting literature and reviewing
textbooks. Besides, a test including about 10 choice questions
is used to evaluate the learning effectiveness of neurology after
class. The test was designed by the professors of department
of neurology. A questionnaire survey was conducted after that
semester to obtain the attitudes from students toward the
diversified online teaching method for neurology. The specific

implementation processes can be seen in Figure 2.

2.4. Research methods

We used Wenjuanxing (an online website for questionnaire
survey) to investigate the attitude of the students for this
new online teaching method. The responses of the survey
were scored using a 5-point Likert scale ranging from strongly
disagree to strongly agree. Besides, we compared the average test
scores of students who take online classes and those who take
in class lessons.

2.5. Statistical analysis

The data were coded, entered, and analyzed using the SPSS
statistical package, version 25.0 (SPSS Inc., Chicago, IL). The
test scores were presented as means =+ standard deviations (SD).
An independent sample f-test was used to compare mean test
scores between pre-class and post-class. P < 0.05 is considered
statistically significant.

3. Results

As shown in Table 1 and Figure 3, the average test
score of students who take online classes (84.27 + 4.64)
were significantly higher than those who take offline classes
(82.08 + 6.17) (P < 0.01).

One hundred and thirty copies of questionnaires were sent
out and one hundred and thirty were received with a coverage
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FIGURE 2
The diagram of the teaching process under the diverse online neurology teaching mode.

rate of 100%. The questionnaire results were shown in Table 2
and Figure 4. There were 71.54% (93/130) students liked this
online teaching mode and 63.85% (83/130) students believed
that this teaching model was innovative. 60% (78/130) of the
students thought the online teaching aroused their interest in
the study of neurology. In all, 64.62% (84/130) students thought
it a good way of teaching.

4. Discussion

Online learning is a novel and rapidly growing field for
undergraduates, graduate students and healthcare providers
(13). In this article, we summarized online teaching methods
for neurology and pointed out shortcomings in existing
methods based on the teaching characteristics of neurology.
We also pointed out and analyzed challenges in total online
neurology teaching during the COVID-19 pandemic and
constructed a student-centric, diversified and total online

TABLE 1 The average score of the test.

Groups The number of Test score
students (M/F) (mean % SD)

Online 130 (68/62) 84.27 + 4.64*

Offline 130 (65/65) 82.08 + 6.17

**P < 0.01 vs. offline group.
M, male; E, female; SD, standard deviation.

Frontiers in Medicine

teaching method in neurology education to allow teachers
to reform their current teaching practices while adhering to
traditional teaching concepts.

We evaluated the effect of our mode through post-class tests
and questionnaire survey. The results of tests indicated that the
scores of students who take online classes were significantly
higher than those who take offline classes (P < 0.01). Probably
reason could be that online classes offer more opportunities for
students to acquire and consolidate their lessons via reviewing
and relearning. In addition, online teaching via pictures and
videos could deepen students’ understanding of specialized
diseases. This helps to cultivate their clinical abilities and
advanced thoughts on solving complex diseases based on the
learned theoretical knowledge and skills. Moreover, diversified
teaching forms could promote students’ interest in neurology,
their communicational skills and humanistic feelings at the
same time. By learning neurology through this diversified online
teaching mode, students deeply mastered the teaching content.
According to the feedbacks from students, online classes were
more attractive to students than the conventional one. It is worth
noting that, online learning put forward higher requirements for
the autonomous learning abilities of students.

As the population ages, the need for neurologists increases.
However, the number of medical students going into neurology
cannot meet this increasing need. This is somewhat associated
with neurophobia (9), i.e., fear of neuroscience and clinical
neurology, and the inability to apply basic neurological
knowledge to clinical practice (14). Lin et al. recently published
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FIGURE 3
The average test scores of students taking online classes (n = 130) and taking offline classes (n = 130), analyzed by T-test. **P < 0.01.

TABLE 2 Students’ attitudes toward this novel online teaching mode.

I like this online teaching. 53 (40.77%) 40 (30.77%) 22 (16.92%) 7 (5.38%) 8(6.15%)
The online teaching model is innovative. 29 (22.31%) 54 (41.54%) 27 (20.77%) 9 (6.92%) 11 (8.46%)
The online teaching arouses my interest in neurology. 38(29.23%) 40 (30.77%) 36 (27.69%) 11 (8.46%) 5(3.85%)

The online teaching provides a more three-dimensional experience for my learning. 35(26.92%) 44 (33.85%) 31(23.85%) 10 (7.69%) 10 (7.69%)

I like the interactive way of online teaching. 59 (45.38%) 46 (35.38%) 16 (12.31%) 5(3.85%) 4 (3.08%)

The online teaching is a good way for learning and teaching. 40 (30.77%) 44 (33.85%) 27 (20.77%) 7 (5.29%) 12 (9.23%)

SA, strongly agree; A, agree; U, uncertain; D, disagree; SD, strongly disagree.

Q6

Qs

Q4

Q3

Q2

Q1

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
uSA/A mU = D/SD

FIGURE 4
Students’ attitudes toward this novel online teaching mode (n = 130). SA, strongly agree; A, agree; U, uncertain; D, disagree; SD, strongly
disagree. Q1 to Q6 represent the 6 questions in Table 2.
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a paper in Neurology, which emphasized the challenges in
clinician education and encouraged educators to teach “the art
of neurology” (4). How to improve neurology education to
make it a “golden lesson” with depth, difficulty and rigor? It is
a question that requires serious consideration (15). Neurology
has a higher demand for students in clinical thinking and
practical skills, which are mainly presented in the following two
aspects: (1) The highly required combination of clinical and
basic sciences: The complicated neuroanatomical structures,
diverse symptoms, obscure etiologies, and similar clinical
manifestations in different diseases increases the difficulty in
learning neurology. Comprehensive medical history collection
and physical examination are powerful tools to determine the
site (localization diagnosis) and nature (qualitative diagnosis)
of the lesion for diagnosis and differential diagnosis, which
requires a clear and logic clinical thinking (10). The neurology
education puts forward a dual test in the master of both clinical
and basic knowledge for students, and the models of both
theoretical (including neuroanatomy, neurophysiology and
neuroimmune) and clinical (including clinical manifestations,
signs and diagnostic principles) teaching for teachers. (2)
Cross-disciplinary training: With the rapid development of
medical imaging, medical examinations, neuroimmunology,
and neurogenetics, clinical neurology is dynamically growing.
This requires educators to cultivate more talents in this field
with logical clinical thinking and cross-disciplinary ability to
innovate and develop this fast-changing field (16).

Educators and scientists around the world are constantly
exploring a better online teaching mode for neurology
education. Safdieh et al. (17) provided useful resources for
medical students, including a streamlined list of symptom
complexes, an abundant list of recommended clinical
encounters combined with midrotation feedback. Chen and
Evans (9) constructed a MOOC-based flipped classroom model
for neurology, bearing “students as a learning entity” in mind.
They employed images, flash animations, and videos in online
classes and had face-to-face interactions between teachers
and students in offline classes. The combination of online
and offline education not only ignites the students’ interest
in neurology but also promotes their self-learning ability and
teamwork spirit, which compensates for shortcomings in the
single problem-based learning (PBL) and case-based learning
(CBL). Zhou et al. (18) incorporated online assignments,
question and answer discussions, and knowledge summaries
into offline courses to provide targeted teaching based on the
individualized learning situation. Ding et al. (19) proposed
the concept of micro-lectures to establish a teaching mode. In
their project, traditional neurology teaching is combined with a
micro-lecture so that students can get access to the knowledge
unavailable in the traditional classroom through online courses.
As a complement to traditional teaching, micro-lectures are
widely used in basic medical education (20-22). However,
its application in clinical education and practice looks dim
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nowadays as it fails to cultivate clinical thinking and skills in
medical students.

With the advent of mobile internet, cloud computing, big
data, and artificial intelligence, online teaching has become an
important part of the modern education (23, 24). The fusion
of information technology, such as MOOC:s, flipped classrooms
and high-quality network resources has gradually replaced
traditional “spoon feeding” teaching mode and become today’s
new trend (9). Compared with conventional classroom teaching,
online teaching has the following characteristics: (1) Flexibility:
online teaching is free of time and space limitations as both
teachers and students can flexibly schedule their time to give
or have a lecture (25); (2) Personalization: students can pause,
advance, and replay the course video according to their own
learning situation, which greatly elevates their study efficiency
(26); (3) Abundant teaching resources: teaching images and
video libraries are timely updated and available to all users (15);
(4) Reduced costs: teachers can learn from each other to improve
their teaching skills (27). Besides, online lessons could receive
support from ads and charities, which reduces the teaching cost
and ensures the teaching quality at the same time.

Conducting rational and effective online teaching remains a
challenge. It is true that online teaching can be used for basic
medical classes. Students who accomplish the tasks in different
chapters will have a good grasp of theoretical knowledge.
However, the clinical practice is of the same importance
in their medical study, such as clinical operations, clinical
thinking and physician-patient communication (28). Taking
neurology study as an example, medical history collection
and physical examination are indispensable for localization
and qualitative diagnoses. Besides, lumbar puncture, the most
common neurological procedure, requires enough practice
to be acquired. In addition, online teaching requires more
financial and technique support while many universities lack
the required infrastructure. Further, online teaching has a
higher requirement not only for the students” self-discipline
and self-learning ability, but also for teachers’ teaching
method and quality.

This diversified online teaching mode makes up for the
shortcomings of traditional online and offline teaching, explore
the subjective initiative in students and fill their knowledge
gaps. Besides, it increases students’ interest in learning, enables
them to make personalized studying plans, provides them with
abundant online exercises and attract them to choose online
study. Diversified teaching and evaluation methods further
deepen teachers’ understanding of students and contribute to
the improvement in previous teaching methods. Therefore,
we believe that neurology teaching under this diversified
teaching forms can improve students’ autonomous learning and
collaborative abilities, which helps them to truly internalize
theoretical knowledge, to analyze and solve clinical cases better
and to integrate into the clinical atmosphere. The diversified
online teaching mode is also of reference and promoting value
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in ensuring students’ normal courses and continuing education
in the face of sudden public health and safety emergencies.

5. Conclusion

In general, we constructed a diverse online neurology
teaching method by combining advantages of modern
information technology, scientific research, and online teaching.
Our newly constructed teaching model is proven to be effective
in neurology education under COVID-19 pandemic and has
received recognition from students.

Moving forward from this pandemic, to maximize the
benefits of offline and online teaching and to improve the
efficiency of medical education in the future, we recommend
that medical schools adopt a combination of both in calss
and online teaching. Online teaching should be regarded as a
supplement to, not a substitute for, traditional in class teaching.
Further research is needed to explore the effectiveness of this
novel and diversified teaching mode in remote education and
tans-national education. We expect that this online teaching
method can be further integrated into traditional medical
education, not just in neurology, but also in other disciplines.
This will combine the technological strengths with teaching
strengths and achieve collaboration among networks, scientific
research, and medical teaching to cultivate outstanding medical
talents with outstanding clinical skills.

Data availability statement

The original contributions presented in this study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed
and approved by the Ethics Committee of Xiangya Hospital,
Central South University. The patients/participants provided
their written informed consent to participate in this study.

References

1. Cucinotta D, Vanelli M. WHO declares COVID-19 a pandemic. Acta Biomed.
(2020). 91:157-60. doi: 10.23750/abm.v91i1.9397

2. Masters-Waage TC, Jha N, Reb J. COVID-19, coronavirus, Wuhan virus, or
China virus? Understanding how to “Do No Harm” when naming an infectious
disease. Front Psychol. (2020) 11:561270. doi: 10.3389/fpsyg.2020.561270

3. Coronaviridae Study Group of the International Committee on Taxonomy
of Viruses. The species severe acute respiratory syndrome-related coronavirus:

Frontiers in Medicine

10.3389/fmed.2022.1071414

Author contributions

MZ conceptualized the study, acquired the funding, and
administered the project. HY and YF wrote the original draft.
YF and ZC provided the resources. HW, XH, and TW worked
on validation. All authors reviewed and edited the manuscript.

Funding

This research was funded by the Research Project on
Education and Teaching Innovation of Central South University
(No. 2021jy145), the Natural Science Foundations for Excellent
Young Scholars of Hunan Province (No. 2021JJ20095), the
Key Research and Development Program of Hunan Province
(No. 2020SK2063), the Natural Science Foundations of Hunan
Province (No. 2020JJ4134), and the National Natural Science
Foundation of China (No. 81501025).

Acknowledgments

We would like to show our deepest gratitude to all persons
who have made substantial contributions to the work reported
in the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

classifying 2019-nCoV and naming it SARS-CoV-2. Nat Microbiol. (2020) 5:536-44.
doi: 10.1038/s41564-020-0695-2

4. Lin DJ, Cudkowicz ME, Cho TA. Opinion and special articles: challenges and
opportunities in defining career identity in academic neurology. Neurology. (2018)
91:670-2. doi: 10.1212/wnl.0000000000006284

5. Chan MM, Barchino R, Medina-Merodio JA, de la Roca M, Sagastume F.
MOOGCs, an innovative alternative to teach first aid and emergency treatment:

frontiersin.org


https://doi.org/10.3389/fmed.2022.1071414
https://doi.org/10.23750/abm.v91i1.9397
https://doi.org/10.3389/fpsyg.2020.561270
https://doi.org/10.1038/s41564-020-0695-z
https://doi.org/10.1212/wnl.0000000000006284
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Yang et al.

a practical study. Nurse Educ Today. (2019) 79:92-7. doi: 10.1016/j.nedt.2019.0
5.008

6. Zhao X, Wang X, Li S, Liang Y, Song L, Zang W, et al. Application of PBL
teaching combined with simulation teaching in hematology practice. High Educ.
(2019) 11:177-8.

7. Yang Q. The application of virtual simulation teaching platform in clinical
practice teaching of medical students. World Latest Med Inf. (2018) 1:122-3.

8. Rodriguez-Rios A, Espinoza-Téllez G, Martinez-Ezquerro JD, Rendén-Macias
ME. Information and communication technology, mobile devices, and medical
education. J Med Syst. (2020) 44:90. doi: 10.1007/s10916-020-01559-w

9. Chen PM, Evans SJ. Emerging subspecialties in neurology: medical education.
Neurology. (2019) 93:273-6. doi: 10.1212/wnl.0000000000007904

10. Demirel A. Improvement of hand hygiene compliance in a private hospital
using the plan-do-check-act (PDCA) method. Pak | Med Sci. (2019) 35:721-5.
doi: 10.12669/pjms.35.3.6

11. Fukui T. Patient safety and quality of medical care. Editorial: from evidence-
based medicine to PDCA cycle. Nihon Naika Gakkai Zasshi. (2012) 101:3365-7.
doi: 10.2169/naika.101.3365

12. Li JS, Zhang XG, Chu J, Suzuki M, Araki K. Design and development of
EMR supporting medical process management. ] Med Syst. (2012) 36:1193-203.
doi: 10.1007/s10916-010-9581-1

13. Al-Balas M, Al-Balas H, Jaber H, Obeidat K, Al-Balas H, Aborajooh E, et al.
Distance learning in clinical medical education amid COVID-19 pandemic in
Jordan: current situation, challenges, and perspectives. BMC Med Educ. (2020)
20:341. doi: 10.1186/s12909-020-02257-4

14. McCarron MO, Stevenson M, Loftus AM, McKeown P. Neurophobia among
general practice trainees: the evidence, perceived causes and solutions. Clin Neurol
Neurosurg. (2014) 122:124-8. doi: 10.1016/j.clineuro.2014.03.021

15. Chen S, Long H, Zhou J, Wang J, Feng J, Wu Z, et al. Application of flipped
classroom based on massive open online course in the teaching of neurology. J Int
Neurol Neurosurg. (2019) 46:439-42.

16. Schaefer SM, Dominguez M, Moeller JJ. The future of the lecture in neurology
education. Semin Neurol. (2018) 38:418-27. doi: 10.1055/s-0038-1667042

17. Safdieh JE, Govindarajan R, Gelb DJ, Odia Y, Soni M. Core curriculum
guidelines for a required clinical neurology experience. Neurology. (2019) 92:619-
26. doi: 10.1212/wnl.0000000000007187

Frontiers in Medicine

09

10.3389/fmed.2022.1071414

18. Zhou, K, Luo X, Zhu W, Hematology DO, Hospital T. Investigation on the
training of clinical scientific research ability of eight-year medical students and its
countermeasures. Chin | Soc Med. (2018) 35:463-6.

19. Ding H, Geng D, Neurology DO. The exploration of plural teaching mode in
medical education reform. China Contin Med Educ. (2019) 11:9-11.

20. Kaddumukasa M, Katabira E, Salata R, Costa M, Ddumba E, Furlan A, et al.
Global medical education partnerships to expand specialty expertise: a case report
on building neurology clinical and research capacity. Hum Resour Health. (2014)
12:75. doi: 10.1186/1478-4491-12-75

21. Wittich CM, Agrawal A, Wang A, Halvorsen A, Mandrekar ], Chaudhry
S, et al. Flipped classrooms in graduate medical education: a national survey
of residency program directors. Acad Med. (2018) 93:471-7. doi: 10.1097/acm.
0000000000001776

22. Robinson R. Delivering a medical school elective with massive open
online course (MOOC) technology. Peer]. (2016) 4:e2343. doi: 10.7717/peer;j.
2343

23.Jabbar A, Gasser RB, Lodge J. Can new digital technologies support
parasitology teaching and learning? Trends Parasitol. (2016) 32:522-30. doi: 10.
1016/j.pt.2016.04.004

24. Perron E, Battistella M, Vergier B, Fiche M, Bertheau P, Tétu B. Online
teaching of inflammatory skin pathology by a French-speaking International
University Network. Diagn Pathol. (2014) 9(Suppl. 1):S5. doi: 10.1186/1746-1596-
9-s1-s5

25. Spiro CJ, Baker K, Saddawi-Konefka D. The flipped classroom: an interesting
hypothesis deserving of more data. Acad Med. (2018) 93:1267. doi: 10.1097/acm.
0000000000002319

26. Foley K, Alturkistani A, Carter A, Stenfors T, Blum E, Car J, et al
Massive open online courses (MOOC) evaluation methods: protocol for
a systematic review. JMIR Res Protoc. (2019) 8:e12087. doi: 10.2196/
12087

27. Albert DV, Blood AD, Park YS, Brorson JR, Lukas RV. Breadth versus volume:
neurology outpatient clinic cases in medical education. J Clin Neurosci. (2016)
28:20-3. doi: 10.1016/j.jocn.2015.12.020

28. Geoffroy PA, Alturkistani A, Carter A, Stenfors T, Blum E, Car J, et al.
Standardized patients or conventional lecture for teaching communication skills to
undergraduate medical students: a randomized controlled study. Psychiatry Invest.
(2020) 17:299-305. doi: 10.30773/pi.2019.0258

frontiersin.org


https://doi.org/10.3389/fmed.2022.1071414
https://doi.org/10.1016/j.nedt.2019.05.008
https://doi.org/10.1016/j.nedt.2019.05.008
https://doi.org/10.1007/s10916-020-01559-w
https://doi.org/10.1212/wnl.0000000000007904
https://doi.org/10.12669/pjms.35.3.6
https://doi.org/10.2169/naika.101.3365
https://doi.org/10.1007/s10916-010-9581-1
https://doi.org/10.1186/s12909-020-02257-4
https://doi.org/10.1016/j.clineuro.2014.03.021
https://doi.org/10.1055/s-0038-1667042
https://doi.org/10.1212/wnl.0000000000007187
https://doi.org/10.1186/1478-4491-12-75
https://doi.org/10.1097/acm.0000000000001776
https://doi.org/10.1097/acm.0000000000001776
https://doi.org/10.7717/peerj.2343
https://doi.org/10.7717/peerj.2343
https://doi.org/10.1016/j.pt.2016.04.004
https://doi.org/10.1016/j.pt.2016.04.004
https://doi.org/10.1186/1746-1596-9-s1-s5
https://doi.org/10.1186/1746-1596-9-s1-s5
https://doi.org/10.1097/acm.0000000000002319
https://doi.org/10.1097/acm.0000000000002319
https://doi.org/10.2196/12087
https://doi.org/10.2196/12087
https://doi.org/10.1016/j.jocn.2015.12.020
https://doi.org/10.30773/pi.2019.0258
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Constructing a diversified online neurology teaching model under the COVID-19
	1. Introduction
	2. Study participants and methods
	2.1. Design
	2.2. Participants
	2.3. Teaching methodology
	2.3.1. Construction of diverse teaching resources
	2.3.1.1. Online courses
	2.3.1.2. MOOCs
	2.3.1.3. Virtual reality simulation systems

	2.3.2. Construction of diverse teaching services
	2.3.2.1. Online question, answer, and summary from teachers
	2.3.2.2. Discussion and mutual assistance among students
	2.3.2.3. Personalized teaching services with artificial intelligence

	2.3.3. Construction of diverse teaching processes
	2.3.3.1. Diversification of teaching methods
	2.3.3.2. Diverse assessment methods

	2.3.4. Specific implementation processes
	2.3.4.1. Active learn before class
	2.3.4.2. Discuss in class
	2.3.4.2. Review after class


	2.4. Research methods
	2.5. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


