
R E S E A R C H Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Lu et al. BMC Medical Education          (2023) 23:616 
https://doi.org/10.1186/s12909-023-04565-x

BMC Medical Education

*Correspondence:
Huang Xu
00000021@zjxu.edu.cn
Dong Han
00001849@zjxu.edu.cn
1Department of Clinical Medicine, Jiaxing University Medical College, 
Jiaxing 314001, Zhejiang, China
2Department of Biochemistry and Molecular Biology, Jiaxing University 
Medical College, Jiaxing 314001, Zhejiang, China

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 

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 

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 
x2-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 

https://www.zjooc.cn/ucenter/teacher/course/build/mooc
https://www.zjooc.cn/ucenter/teacher/course/build/mooc
https://www.zjooc.cn/ucenter/teacher/course/build/mooc
https://www.zjooc.cn/ucenter/teacher/course/build/mooc
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Fig. 1  Flow chart showing teaching research design
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Table 1  List of learning behaviors of the blended-teaching method
Teaching 
Session

Learning Behavior Observable Indicator Unit Recording Mode

Before Class Micro-lecture 
learning

Duration of micro-lecture learning Minute Zhejiang province open online course sharing platform

Material download Number of data downloads Frequency Zhejiang province open online course sharing platform

During 
Class

Class quiz Score of class quiz Percent Zhejiang province open online course sharing platform

Class interaction Number of participations of class 
interaction

Frequency Wisdom tree flipped class

cases discussion Number of participations of discussion 
of cases

Frequency Wisdom tree flipped class

After Class Post and reply Number of posts and replies Frequency Zhejiang province open online course sharing platform

Assignment Number of homework completed Frequency Zhejiang province open online course sharing platform

Fig. 2  Flow chart showing teaching method used in the EG
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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 

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 

Table 2  Demographic characteristics of study participants
Characteristics Experimental 

group (n = 119)
Control group 
(n = 120)

Pvalue

Age (years) 19.47 ± 0.45 19.77 ± 0.52 p > 0.05

Sex

Female 50.4% 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

Fig. 4  Learning behavior radar chart of CG

 

Fig. 3  Learning behavior radar chart of EG
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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

 

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: no significant difference

 

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
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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.

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, 

information processing, and communication and 
cooperation.
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