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Improving self-directed learning ability
of medical students using the blended
teaching method: a quasi-experimental study
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Abstract

Background Self-directed learning (SDL) is one of the most important abilities for medical students in terms of
their future clinical medical practice. During the blended teaching process, teachers can design a variety of learning
activities to cultivate students' SDL abilities. This study aimed to assess the differences between the SDL abilities of
medical students using blended and traditional didactic teaching.

Methods This study included 239 medical students from eight administrative classes. The students were divided
into two groups: (1) the experimental group (EG), which included 119 students from four administrative classes, and
(2) the control group (CG), which included 120 students from the remaining four classes. From February to July 2022,
blended teaching methods were applied to the EG group, and SDL abilities were assessed in comparison to the CG
group receiving traditional didactic teaching methods.

Results At the end of the semester, significant differences (p < 0.05) were observed between EG and CG in all six SDL
ability factors. Furthermore, when k-means cluster analysis was used to analyze the learning behavior of students in
the EG after classifying them as comprehensive, interactive, and passive types, significant differences were observed
in all six Self-directed learning factors of students with the comprehensive type, whereas significant differences were
observed in four factors (setting learning goals and plans, self-monitoring and regulation, information processing,
and communication and cooperation) of students with the interactive type. For students with passive type, only

one factor of SDL (information processing) showed significant improvement. There were on differences between
comprehensive, interactive, and passive types of CG.

Conclusion The blended teaching approach is better than the conventional didactic teaching for cultivating clinical
medical students'SDL abilities.
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Background

The self-directed learning (SDL) ability of medical stu-
dents plays a vital role in the development of medical
education [1, 2]. Medicine is a discipline closely related
to life safety and health benefits, and hence medical stu-
dents are required to be able to update their knowledge
quickly and remain engaged in lifelong learning [3, 4]. For
medical students, SDL ability is the foundation for life-
long learning [5, 6]. Therefore, one of the important tasks
of higher medical education is to develop SDL abilities in
students.

SDL is the process of students to constantly monitor
and adjust their cognitive state, observe and apply vari-
ous learning strategies, adjust their learning behaviors,
and make efforts to create and use physical and social
resources that facilitate learning [7-9]. Furthermore,
SDL ability is considered the ability to learn while actively
realizing the responsibility of learning [10, 11]. In the
blended teaching process, teachers allow students to
design teaching materials for course delivery, stimulat-
ing students’ SDL abilities [12, 13]. Notably, to cultivate
the SDL ability of students, educational researchers have
also explored this. Padugupati et al. found that a blended
learning environment was a dynamic learning space that
could effectively improve students’ learning behavior,
including SDL ability [14]. A blended learning approach
involving Indian medical students found that curricu-
lum design should improve learning activities to promote
SDL ability [15]. Developing a favorable education and
learning environment by using modern educational tech-
nologies is prioritized in many universities to improve
the SDL abilities of medical students.

A number of methods are available to assess the SDL
ability of students, including the survey method, the
interview method, teacher evaluation, and behavior
observation [16—18]. Since the SDL definition varies
among different researchers, there are subtle differences
in the indicators used to assess the SDL ability of medical
students. Garrison proposed a comprehensive model for
SDL ability where the SDL ability was divided into three
dimensions: learning motivation, self-monitoring, and
self-management [19]. Wang Xiaodan et al. developed an
assessment scale to evaluate the SDL ability of medical
students [20]. This scale consists of two sub-scales (self-
motivated beliefs and objective behavior) and six factors
(self-motivation, learning beliefs, setting learning goals
and plans, self-monitoring and regulation, information
processing, and communication and cooperation) among
a total of 30 items. This assessment scale has been widely
used to evaluate the SDL abilities of medical students.

In recent years, the educational plethora has witnessed
significant changes, including the development of online
teaching resources, the construction of smart class-
rooms, the introduction of smart teaching tools, and the
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implementation of flipped and blended teaching methods
[21, 22]. The blended teaching method is an advanced
teaching mode that uses the intelligent network teaching
system (in the backdrop of the internet) to make courses
more intelligent and refined. During the blended teach-
ing process, SDL behavior data, such as micro-lecture
learning, material downloads, and case discussions, are
fully recorded through the course web platform and
smart teaching tools.

Dina Adinda et al. pointed out that blended teaching
is a good way to improve students’ self-directed learn-
ing ability, together with promoting self-directed learn-
ing ability through both face-to-face and online teaching
[23]. The present study focused on two factors associ-
ated with self-directed learning ability, namely, compe-
tency in self-regulated and self-directed learning skills,
and designed blended teaching activities for 2021 stu-
dents majoring in clinical medicine at Jiaxing College.
These included 64 sessions of a biochemistry course that
involved both online and face-to-face instruction, and
three stages of learning, namely, before, during, and after
class.

The Biochemistry and Molecular Biology course at
Jiaxing University is the first-level blended course recog-
nized by the Ministry of Education of Zhejiang Province,
China. In this course, student-centered blended teaching
was performed for 3 years, with more than 500 students
and more than 100,000 student visits per year. During
different learning behaviors, such as micro-lecture learn-
ing and material downloading, an online teaching plat-
form and intelligent classroom teaching tools can record
learning behavior data comprehensively.

In this study, the blended teaching method was used
to cultivate students’ SDL abilities. Smart teaching tools
(Wisdom Tree classroom interactive tools) were used
to collect students’ learning behaviors and to assess dif-
ferences in students’” SDL ability before and after the
blended teaching experiment conducted for a semester.

Methods

Participants

This study included medical students (major in clinical
medicine) of the Jiaxing University, the included stu-
dents were divided into the following two groups: (1)
experimental group (EG), containing 119 students from
four administrative classes and (2) control group (CG),
containing 120 students from four other administrative
classes. Our research followed the guideline for report-
ing evidence-based practice educational interventions
and teaching (GREET) statement which include system-
atic review, educational intervention, and testing [24—26]
Eight administrative classes of the 2021 class in clinical
medicine at Jiaxing University were randomly assigned
numbers of 1-8. These numbers were written on small
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strips of paper of identical size, shape, and texture and
crumpled into small balls, after which they were placed
in an opaque box and mixed thoroughly. Four numbered
sticks were drawn from the box without replacement and
the numbers on them were recorded. The classes corre-
sponding to the numbers were identified and used as the
experimental group. The remainder of the classes served
as the control group.The teaching design was shown in
Fig. 1. Administrative class is the unit of student manage-
ment of the Jiaxing University. It refers to a fixed group of
students who share the same academic schedule in their
teaching program. Students were assigned to either group
based on the balance of age, gender, and scores obtained
in the college entrance examination. Every administrative
class has 28 to 31 students.

Teaching activities in the CG and EG

In general, the participants of EG and CG were instructed
through teaching models using course websites and digi-
tal resources. The participants of EG were told to use
class interaction, case discussion and post and reply
learning activities during the whole learning process. The
participants of EG and CG accepted the blended teach-
ing method and traditional didactic teaching method
respectively.

Teaching activities in the CG were teacher-dominated
in-class presentations. Students were encouraged to
learn according to the teaching schedule, which included
teacher-assigned pre-class preparation, in-class presenta-
tions, and after-class assignments. During this learning
process, the types of learning behaviors of the EG were
determined using the Zhejiang Open Course Sharing
Platform (https://www.zjooc.cn/ucenter/teacher/course/
build/mooc).

In the EG, a blended-teaching method was applied
(Fig. 2). Here, pre-class preparation, in-class presenta-
tions, and after-class assignments were organized using
the blended-teaching philosophy. During this learning
process, the types of learning behaviors of the EG were
determined using the Zhejiang Open Course Shar-
ing Platform (https://www.zjooc.cn/ucenter/teacher/
course/build/mooc) and the Wisdom Tree flipped class-
room tool. The flipped classroom from Wisdom Tree is
an effective tool for teachers that automatically records
teacher-student and student-student interactions of EG.
Table 1 lists specific data recorded using this tool. The
application of the two teaching network platforms com-
prehensively covered the whole teaching process before,
during, and after classes.

Assessment of the SDL ability

The SDL ability was assessed using the assessment scale
developed by Wang Xiaodan et al. This scale consists
of two sub-scales (self-motivated beliefs and objective
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behavior) and six factors (self-motivation, learning
beliefs, setting learning goals and plans, self-monitoring
and regulation, information processing, and communica-
tion and cooperation) among a total of 30 items. Further-
more, the Likert scale is a 5-point response scale, with a

” «

score of 5—1 representing “fully meets’, “generally meets’,
“fair’, “not fully meets,” and “not at all meets”. The scale
of the six factors is based on a 5-point response system,
with a 5—1 scale representing decreasing degrees of “fully
conform’, “basically conform’, “generally conform’; “not
conform’, and “not conform at all’; and a score range of
30-150. The Cronbach’s alpha coefficient for the original
scale was 0.929, with a reliability of 0.992. The assessment
of SDL ability was conducted between EG and CG before

and after the semester.

K-means clustering analysis

K-means is a classification algorithm that determines
the attributes of research objects based on the similarity
between different object features [27]. In this study, the
k-means clustering algorithm was used to cluster then
learners according to learning behavior data of the EG
and CG, and the learners were divided into comprehen-
sive, interactive, and passive types according to K=3.

Learning behavior data and statistical analysis

Learning behavior data analysis was performed using
Z-scores and radar maps.The z-score was calculated
as: z-score=(score of the behavior sequence-score of
the behavior min)/(score of the behavior max-score of
the behavior min).We compiled the factor scores of the
SDL ability of CG and EG using an independent sample
T-test. We also compared the factor scores of SDL abil-
ity by the CG and EG before and after that were gener-
ated after clustering using a paired sample T-test. The
x’-test was used to compare the age, gender composition
and entrance score between the two group. All statistical
analysis was performed using SPSS V.27 for Windows.
Age and scores for each factor of the SDL ability assess-
ment scale were expressed as mean=standard deviation,
and P-values of less than 0.05 were considered significant.

Results

Participants

Table 2 shows the demographic data of the study partici-
pants. No significant differences were observed in the age
and sex of participants between the two groups (p>0.05).

Learning behavior classification of the EG and CG

Based on the cluster analysis, students were classified
into 3 categories, as shown in Figs. 3 and 4. The num-
bers of students were 41, 38, and 40 in the comprehen-
sive, interactive, and passive types respectively of EG.
Based on the cluster analysis, students were classified in
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Fig. 2 Flow chart showing teaching method used in the EG

Table 1 List of learning behaviors of the blended-teaching method
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Recording Mode

Teaching Learning Behavior Observable Indicator Unit
Session
Before Class  Micro-lecture Duration of micro-lecture learning Minute
learning
Material download ~ Number of data downloads Frequency
During Class quiz Score of class quiz Percent
Class Class interaction Number of participations of class Frequency
interaction
cases discussion Number of participations of discussion Frequency
of cases
After Class ~ Post and reply Number of posts and replies Frequency

Assignment

Number of homework completed

Frequency

Zhejiang province open online course sharing platform

Zhejiang province open online course sharing platform
Zhejiang province open online course sharing platform

Wisdom tree flipped class

Wisdom tree flipped class

Zhejiang province open online course sharing platform
Zhejiang province open online course sharing platform
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Table 2 Demographic characteristics of study participants

Characteristics Experimental Control group Pvalue
group (n=119) (n=120)

Age (years) 19.47+045 19.77+0.52 p>0.05

Sex

Female 504% 53.3% p>0.05

Male 49.6% 46.7% p>0.05

Entrance score 579.84+16.75 581.90+16.68 p>0.05

the comprehensive, interactive, and passive types respec-
tively of CG. The numbers of students were 44, 35, and
41 in the comprehensive, interactive, and passive types
respectively of CG.

We prepared a 7-point radar chart based on the mean
value of the z-score of the learning behavior data of stu-
dents in the EG in the three categories. As shown in
Fig. 3, the mean values of the z-score in the comprehen-
sive category were all above 0.8 (Fig. 3A), whereas mate-
rial download, post and reply these values were lower
than 0.4 in the interactive type category (Fig. 3B). Fur-
thermore, the passive type category demonstrated very
low mean values of z-score in the majority of classifica-
tions except micro-lecture learning, assignment, class
quiz where the value was above 0.8 (Fig. 3C).

We also prepared a 4-point radar chart based on the
mean value of the z-score of the learning behavior data
of students in the CG in the three categories. As shown
in Fig. 4, the mean values of the z-score in the compre-
hensive category were all above 0.8 (Fig. 4A), whereas
micro-lecture learning, material download behavior data
values were lower than 0.6 in the interactive type cat-
egory (Fig. 4B). Furthermore, the passive type category

Micro-lecture learning

Material download Assignment Material download

04
02

Post and reply Class interaction Post and reply

‘

Class quiz

Case discussion Case discussion

Fig. 3 Learning behavior radar chart of EG

A B

Micro-lecture learning

Material download Assignment

Class quiz

Fig. 4 Learning behavior radar chart of CG

Micro-lecture learning

0.

Micro-lecture learning

08
08
Material download
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demonstrated very low mean values of z-score in the
majority of classifications except micro-lecture learning
and class quiz (Fig. 4C).

SDL ability assessment

At the end of the semester, significant differences
(p<0.05) were observed between EG and CG in all six
SDL ability factors (Fig. 5A). Furthermore, in compari-
son to CG, significant differences were observed in all
six SDL factors of students with comprehensive type,
whereas significant differences were observed in four
factors (setting learning goals and plans, self-monitoring
and regulation, information processing, and communica-
tion and cooperation) of students with interactive-type.
For students with passive type, only one factor of SDL
(information processing) showed significant improve-
ment compared with CG (Fig. 5B).

After classification, significant differences (p<0.05)
were observed between comprehensive type in EG in all
six SDL ability factors (Fig. 6C). Furthermore, whereas
significant differences were observed in four factors (set-
ting learning goals and plans, self-monitoring and regu-
lation, information processing, and communication and
cooperation) of students with interactive-type in EG
(Fig. 6B). For students with passive type in EG, only one
factor of SDL (information processing) showed signifi-
cant improvement compared with CG (Fig. 6A).

After classification, no significant differences (p>0.05)
were observed between interactive-type in CG in all six
SDL ability factors (Fig. 7A). Furthermore, no signifi-
cant differences were observed in all six SDL factors of
students with comprehensive type (Fig. 7B). For students

Micro-lecture learning

Assignment Material download Assignment

Class interaction Post and reply Class interaction

Class quiz Class quiz

Case discussion

Micro-lecture learning

Assignment Material download Assignment

Class quiz Class quiz
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Fig. 5 Assessment of SDL ability of EG and CG. Mean scores of all six factors SDL ability pre-experiment and post-experiment in EG (A). Mean scores of
self-motivations, learning belief, setting learning goal and plan, self-monitoring and regulation, information processing and communication and coopera-
tion all six factors pre-experiment and post-experiment in CG (B). Data are presented as the means + standard deviation; * p <0.05 ** p<0.01 and NS: no

significant difference

A%

factor score

B*

factor score

Cor

factor score

Fig. 6 Assessment of SDL ability of comprehensive type, interactive-type and passive type category in EG. Mean scores of all six factors pre-experiment
and post-experiment in comprehensive type of EG (N=40, A). Mean scores of all six factors pre-experiment and post-experiment in interactive type of EG
(N=38, B). Mean scores of all six factors pre-experiment and post-experiment in passive type of EG (N=41, C) Data are presented as the means + standard

deviation; * p<0.05 ** p<0.01 and NS:

A

NS NS

factor score

no significant difference

Bw

NS NS

factor score

NS

NS

Cw

factor score

Fig. 7 Assessment of SDL ability of comprehensive-type, interactive-type and passive-type category in CG. Mean scores of all six factors pre-experiment
and post-experiment in passive type of CG (N=41, A). Mean scores of all six factors pre-experiment and post-experiment in passive type of CG (N=35, B)
Mean scores of all six factors pre-experiment and post-experiment in passive type of CG (N=44, C). Data are presented as the means + standard deviation;
*p<0.05 **p<0.01 and NS: no significant difference



Lu et al. BMC Medical Education (2023) 23:616

with passive type, no significant differences (p>0.05) were
observed showed significant between passive-type in CG
(Fig. 7C).

Discussion

Blended teaching enhances students’ SDL ability

SDL is a process in which students consciously set learn-
ing objectives, choose learning methods, monitor the
learning process, and assess learning outcomes [28, 29].
One of the goals of medical education is to cultivate med-
ical students’ SDL ability, and an important task of medi-
cal personal training is to cultivate advanced medical
talents who can acquire knowledge independently [30].
With the development of blended learning mode, teach-
ers should combine teaching with learning resources,
stimulate learners’ interests in learning, and create con-
ditions for students to achieve exploratory learning [31].
During the blended teaching, teachers stimulate learning
by designing activities before, during, and after classes.
In this method, online tools are used to provide initial
basic learning, while offline classroom teaching sessions
are organized with a variety of activities and tasks to con-
solidate and enhance the knowledge [32]. The process of
completing tasks is also the process of applying strate-
gies to solve problems. The process of learning through
micro-lecture learning, material download, class quizzes,
case discussions, and questions after class is also the pro-
cess of developing SDL ability.

In this study, blended teaching method was imple-
mented for the development of SDL ability in medical
students before, during, and after classes, and students
are constantly prompted to self-examine, self-monitor,
and self-adjust during class interactions, quizzes, case
discussions, and other teaching sessions. When EG stu-
dents were categorized further into categories, compre-
hensive type students demonstrated clearer motivation
and learning goals during the blended teaching method,
with improvements in all six dimensions of SDL abil-
ity. Further, interactive type students did not experience
changes in two factors of SDL abilities including setting
learning goals and plans and self-monitoring and regula-
tion. For passive students, only the interactive ability has
improved after blended teaching experiment. Further
statistical research is needed to correlate the data on the
learning behaviors of different types of learners with the
improvement of the SDL ability.

Teaching design improves students’ SDL ability

The development of SDL ability is a long-term process,
and the key factors include motivation and monitoring
[33].In this study, When CG students were categorized
further into categories, comprehensive type students too,
all six dimensions of SDL ability has no difference.
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We also clustered the students into comprehensive,
interactive, and passive types according to their learning
behavior data, and there were no significant differences
in SDL ability between these three categories of students
in the CG. Students in the CG only followed the teach-
er’s lecture content to master the knowledge but did not
apply thinking and discussion, which are precisely the
learning behaviors that blended teaching is designed to
address in contrast to traditional didactic teaching. The
learning behaviors that made the difference between the
SDL ability of the two groups were thinking and discus-
sion. Learning from lectures or downloaded material
from the instructional website with no learning purpose
did not improve the SDL abilities of the students. Our
research showed the effectiveness of cultivating SDL abil-
ity under the teachers’ systematic teaching design. The
teacher’s systematic teaching design is also a crucial fac-
tor in the development of SDL ability.

The assessment of SDL ability includes several dimen-
sions and factors, with the core of the evaluation mainly
involving self-motivation and the ability to self-monitor
and self-adjust. Self-motivation is key to SDL. Self-moni-
toring represents the responsibility to maintain a socially
required level of clinical competence, and is also related
to the responsibility of setting, achieving, and maintain-
ing self-determined goals. Self-adjustment includes the
ability to self-check, provide feedback, and control and
regulate actions. It also refers to the students’ ability to
regulate task-operating factors, such as learning objec-
tives, tasks, materials, and methods [30]. To develop
self-adjustment and self-monitoring qualities, teachers
should provide encouragement and guidance to students
that allow them to check, control, and regulate their own
learning according to subjective psychological factors,
such as learning interests and motivation.

We also clustered the students into comprehensive,
interactive, and passive types according to their learn-
ing behavior data, and there were no significant differ-
ences between the SDL ability of these three categories
of students in CG. Students of CG just followed the
teacher’s lecture content to master the knowledge but
lacked thinking and discussing, which are precisely the
learning behaviors that designed in the blended teaching
but not in the traditional didactic teaching. The learn-
ing behaviors that made the difference between the SDL
ability of the two groups were thinking and discussion.
The lecture learning and download learning behaviors
of comprehensive students in CG which recorded by the
instructional website without the learning purpose did
not lead to the improvement of students’ SDL ability. Our
research shows that the process of cultivating SDL abil-
ity is the process of students’ SDL ability culturing under
the teachers’ systematic teaching design. The teacher’s
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systematic teaching design is also a very crucial factor in
the process of developing SDL ability.

The assessment of SDL ability includes several dimen-
sions and factors, and the core of the evaluation mainly
includes self-motivation, self-monitoring ability, and
self-adjustment ability. Self-motivation is the key to
SDL. Self-monitoring is the responsibility to maintain
a socially required level of clinical competence, and it
is also related to the responsibility of setting, achieving,
and maintaining self-determined goals. Self-adjustment
includes the ability to self-check, provide feedbacks, and
control and regulate the actions. It also refers to the stu-
dents’ ability to regulate task-operating factors, such as
learning objectives, tasks, materials, and methods [30].
In order to develop self-adjustment and self-monitoring
qualities, teachers provide encouragement and guidance
to students that allow them to check, control, and regu-
late their own learning according to subjective psycho-
logical factors, such as learning interests and motivation.

According to the present findings, the blended teach-
ing method was used more popular during and after the
covid-19. In their study, Chen M et al. stated that blended
teaching can be made to address low student engagement
and poor classroom participation during covid-19 [34].
In another study conducted during the COVID-19 pan-
demic, David O Obada et al. argued that blended online
teaching and learning strategy was a new pedagogy for
adapting classrooms in developing countries [35]. In a
study conducted after this pandemic, Xue-Tao Fu et al.
argued that blended teaching is beneficial to students’
learning and stimulates their enthusiasm, cultivates
clinical thinking ability, and improves teaching quality
[36]. The blended teaching method was used in medical
education in developing countries such as China more
and more deeply. Moreover, our study was just benefic
research for the blended teaching method.

There is no unified approach for cultivating indepen-
dent SDL ability. Different specialties, different courses,
and different lecture subjects have their own methods
of cultivating SDL ability. The cultivation of SDL ability
not only requires teaching design but also a diverse and
complex evaluation system to assess SDL ability. This
preliminary study on medical students’ SDL ability using
a blended teaching method lays the foundation for the
cultivation of SDL ability in medicine discipline students.

Conclusion

In conclusion, the blended teaching model may be effec-
tive for improving medical students’ SDL ability com-
pared with the traditional didactic method. The blended
teaching model effectively enhanced students’ SDL abil-
ity factors of self-motivation, learning beliefs, setting
learning goals and plans, self-monitoring and regulation,
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information and communication and

cooperation.

processing,

Acknowledgements

We are grateful to WisdomTree for their technical support and assistance
during the course of the project. We are also very grateful to all the clinical
students of the Grade 2021 for their participation.

Authors’ contributions

Huang Xu and Dong Han contributed to the design of this study. Si ying Lu
contributed to teaching data collection and analysis. Huang Xu and Dong Han
contributed to the original manuscript writing and data analysis. Xiang peng
Ren contributed to the manuscript revision. All the authors read and approved
the fnal manuscript.

Funding

This work was supported by province-level online and offline first-class
courses of Zhejiang China (Grant no 2019—671), online first-class courses
of Zhejiang China (Grant no 2022 —334), and the SRT project of Jiaxing
University, China (grant no. 2022-8517221166).

Data availability
Data collection containing teaching data is available upon request from the
corresponding author.

Declarations

Competing interests
The authors declare no competing interests.

Ethical approval and consent to participate

The study was approved by the institutional board of Jiaxing University
Medical College and all study participants provided informed consent. All
methods were carried out in accordance with the recommandations of the
Helsinki declaration as revised in 2013.

Consent for publication
Not applicable.

Received: 2 March 2023 / Accepted: 3 August 2023
Published online: 29 August 2023

References

1. PdCM, RMKKD. Undergraduate psychiatric education: a snapshot of medical
students across the world. World psychiatry: official journal of the World
Psychiatric Association (WPA). 2019;18(2):243-4.

2. MAC HA C Medical Education takes a step in the right direction: where does
that leave students? JAMA. 2020;323(20):2013-4.

3. EAAPFYE. M: Medical students need artificial intelligence and machine
learning training. Nat Biotechnol 2021, 39(3).

4. YZJZY L Effects of an Interaction and Cognitive Engagement-Based
blended teaching on obstetric and gynecology nursing course. Int J Environ
Res Public Health 2022, 19(12).

5. XJZLL. Application of blended teaching model based on SPOC and TBL in
dermatology and venereology. BMC Med Educ. 2021;21(1):606.

6. JB,JL: Use of live chat in higher education to support self-regulated help
seeking behaviours: a comparison of online and blended learner perspec-
tives. Int J educational Technol High Educ 2021, 18(1):17.

7. XM, HZXMLLXL. Effect of blended learning with BOPPPS model on chinese
student outcomes and perceptions in an introduction course of health
services management. Adv Physiol Educ. 2021,45(2):409-17.

8. MAA, E D-E ASP. Integration of traditional and E-Learning methods to
improve Learning Outcomes for Dental students in histopathology. J Dent
Educ. 2016;80(9):1140-8.

9. MMRS, F S. Comparison of the effect of lecture and blended teaching meth-
ods on students'learning and satisfaction. J Adv Med Educ professionalism.
2014;2(4):146-50.



Lu et al. BMC Medical Education

20.

21.

22.

23.

(2023) 23:616

ZhuY, Zheng S. Research and Practice of Online and Offline Blending Teach-
ing Mode of “Foundation of Program Design'”. Int J Learn Teach 2022, 8(4).
YUAN H, QIN L, ZHU Y, DING Y, ZHAO W, LI C, ZHANG H, WANG J, SUN X. LIU

S: The application of student-centered online and Offline blended Teaching
Model in Histology and Embryology. Med Res 2022, 4(3).

Y'S,Y L, J L: Mediating effects of self-directed learning on the relationship
between critical thinking and problem-solving in student nurses attending
online classes: a cross-sectional descriptive study. Nurse Educ Today 2022,
109:105227.

JJ,S P: Self-Directed Learning versus Problem-Based learning in korean nurse
education: a quasi-experimental study. Healthc (Basel Switzerland) 2021,
9(12).

KP SP,TV J. Designing flipped classroom using Kemp's instructional model

to enhance deep learning and self-directed collaborative learning of basic
science concepts. J Educ health promotion. 2021;10(1):187.

K P, AB EVSS, TA PVUPPS. Self-directed learning readiness of indian medical
students: a mixed method study. BMC Med Educ. 2018;18(1):134.

HH K, H R, vdV CPM. Students’ perceptions towards self-directed learning in
ethiopian medical schools with new innovative curriculum: a mixed-method
study. BMC Med Educ. 2020;20(1):7.

PP G, O Z, P BMKPA. Online Digital Education for Postregistration training of
medical doctors: systematic review by the Digital Health Education collabora-
tion. J Med Internet Res. 2019;21(2):e13269.

MC SM, CI GO RMS. JF D-P: how do B-Learning and learning patterns influ-
ence learning outcomes? Front Psychol. 2017,8:745.

CK, U JN, UWBK. Development and evaluation of an internet-based
blended-learning module in biomedicine for university applicants—education
as a challenge for the future. Head Face Med. 2016;12:13.

Xiaodan W, Gangqin T, Suzhen W. Development of the scale of self-directed
learning competence for medical students. China J Health Psychol.
2014,22(07):1034-7.

ALH, DA D, DCB,PRC TG H, DB H, AK S. Evaluation of a blended learning
surgical skills course for rural surgeons. Am J Surg. 2014;208(1):136-42.
JLG,PMW, KB DK. Can blended classroom and distributed learning
approaches be used to teach medical students how to initiate behavior
change counseling during a clinical clerkship? J Clin Psychol Med Settings.
2011;18(4):353-60.

Adinda D, Mohib N. Teaching and Instructional Design Approaches to
Enhance Student’s Self-Directed Learning in Blended Learning environments.
Electron J E-Learning. 2020;18(2):162-74.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

Page 10 of 10

AC P, LKL, MP M, P JG, MT GMHDMJT. Protocol for development of the
guideline for reporting evidence based practice educational interventions
and teaching (GREET) statement. BMC Med Educ. 2013;13:9.

ACP LKL, MP M, P JG, JKGMHDM, MTT. A systematic review of how studies
describe educational interventions for evidence-based practice: stage 1 of
the development of a reporting guideline. BMC Med Educ. 2014;14:152.
ACP, LKL, MP M, P JG, JK GMHDM, MTT. A Delphi survey to determine how
educational interventions for evidence-based practice should be reported:
stage 2 of the development of a reporting guideline. BMC Med Educ.
2014;14:159.

Qian L. Robust clustering center optimization for K-means algorithm. Com-
put Eng Des. 2015;36(09):2395-400.

SK, F J: [Medicine in the digital age: Telemedicine in medical school educa-
tion]. Radiologe 2018, 58(3):236-40.

LiuY. Study on the blended Teaching Mode of Analog Electronic Technology
based on Chaoxing Learning platform. Adv Vocat Tech Educ 2022, 4(1).
CY,Y Z. Influencing factors of self-directed learning abilities of medi-

cal students of mainland China: a cross-sectional study. BMJ open.
2021;11(10):e051590.

LM D. Implementing the flipped Classroom in a Veterinary Pre-clinical Sci-
ence Course: Student Engagement, Performance, and satisfaction. J Vet Med
Educ. 2018;45(2):195-203.

HY. Influence of Online Merging Offline Method on University Students’
active learning through learning satisfaction. Front Psychol. 2022;13:842322.
Y L: The Role of Teachers'Grit and Motivation in Self-Directed Professional
Development. Front Psychol 2022, 13:922693.

L MC. Blended teaching of medical ethics during COVID-19: practice and
reflection. BMC Med Educ. 2022;22(1):361.

DO O, FO RBBASA, AO E A, D D-A, AN O, KA S, ET BOS. Teaching bioengineer-
ing using a blended online teaching and learning strategy: a new pedagogy
for adapting classrooms in developing countries. Educ Inform Technol.
2023,28(4):4649-72.

XTF,BCYH,YGY,SJJ,YG Z, JYW.Z, ZBW:The Use of Blended Teaching in
Higher Medical Education during the Pandemic Era. International journal of
clinical practice 2022, 2022:3882975.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Improving self-directed learning ability of medical students using the blended teaching method: a quasi-experimental study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Participants
	﻿Teaching activities in the CG and EG
	﻿Assessment of the SDL ability
	﻿K-means clustering analysis
	﻿Learning behavior data and statistical analysis

	﻿Results
	﻿Learning behavior classification of the EG and CG
	﻿SDL ability assessment

	﻿Discussion
	﻿Blended teaching enhances students’ SDL ability
	﻿Teaching design improves students’ SDL ability

	﻿Conclusion
	﻿References


