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Abstract

Background The purpose of this study was to evaluate the effectiveness and efficiency of implementing a data-
driven blended online-offline (DDBOO) teaching approach in the medicinal chemistry course.

Methods A total of 118 third-year students majoring in pharmacy were enrolled from September 2021 to January
2022.The participants were randomly assigned to either the DDBOO teaching group or the traditional lecture-
based learning (LBL) group for medicinal chemistry. Pre- and post-class quizzes were administered, along with an
anonymous questionnaire distributed to both groups to assess students’ perceptions and experiences.

Results There was no significant difference in the pre-class quiz scores between the DDBOO and LBL groups (T=-
0.637, P=0.822). However, after class, the mean quiz score of the DDBOO group was significantly higher than that of
the LBL group (T=3.742, P<0.001). Furthermore, the scores for learning interest, learning motivation, self-learning skill,
mastery of basic knowledge, teamwork skills, problem-solving ability, innovation ability, and satisfaction, as measured
by the questionnaire, were significantly higher in the DDBOO group than in the traditional group (all P<0.05).

Conclusion The DDBOO teaching method effectively enhances studentsacademic performance and satisfaction.
Further research and promotion of this approach are warranted.

Keywords Data-driven, Online-offline teaching, Blended teaching, Lecture-based learning, PBL, Medicinal chemistry

Introduction

With the comprehensive integration of information tech-
nology in the field of education, traditional classrooms
have evolved with various new models of online teach-
ing, making the instructional process more dynamic
and effective [1]. Learners are encouraged to engage in
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online learning tasks and digital game-based activities,
experiencing the joy of dealing with digital challenges,
acquiring knowledge, and enhancing learning outcomes
[2, 3]. These emerging technologies serve as crucial tools
for information dissemination in online education, pro-
foundly impacting the reform of medical school educa-
tion [4].

Blended learning, an instructional model combining
digital online learning with face-to-face classroom teach-
ing, has gradually drawn more attention with advance-
ments in internet technology and education [5, 6]. The
concept of blended learning was first introduced in the

©The Author(s) 2024. 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.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12909-024-05701-x&domain=pdf&date_stamp=2024-7-5

Zhao et al. BMC Medical Education (2024) 24:738

U.S. National Education Technology Plan. Since 2004, the
United States has been actively adopted and innovated
the blended learning approach, continually exploring
advancements in technology and other aspects.

Higher education has undergone a significant evolu-
tion in teaching paradigms. Following eras of experiential
imitation teaching and computer-assisted instruction [7],
the current landscape is increasingly characterized by the
data-driven instruction [8]. This approach incorporates
next-generation information technologies such as the
Internet of Things, big data, cloud computing, and mobile
internet, involving systematic collection and analysis of
both online and offline learning data to inform instruc-
tional improvements and elevate learning outcomes [9].

Data-driven instruction is an innovative approach that
harnesses diverse forms of data to shape and enhance
teaching practices [10]. This encompasses a spectrum
from summative data, such as test scores, to formative
data gauging student understanding through activities
like discussions. Diverging from summative assessments
primarily designed for assigning grades, formative assess-
ments aim to refine teaching methods. The collection
and analysis of both types of data empower educators to
discern patterns and address shortcomings within their
classrooms. Through the strategic utilization of these
insights, educators can tailor instruction to individual
student needs, pinpoint specific areas for improvement,
and implement timely interventions to bolster overall stu-
dent success. This proactive and personalized approach
to teaching ensures that educators are equipped with
the necessary information to optimize learning experi-
ences and foster positive educational outcomes for every
student.

Medicinal chemistry is a comprehensive discipline
focused on the discovery and invention of new drugs,
the synthesis of chemical pharmaceuticals, elucidating
the chemical properties of drugs, and researching the
interaction patterns between drug molecules and cellular
entities. Its scope encompasses the chemical structure,
physicochemical properties, preparation methods, trans-
port metabolism, structure-activity relationships, chemi-
cal mechanisms of drug action, as well as approaches and
methods for the discovery of new drugs [11]. With the
continuous deepening of educational reforms, the teach-
ing approach in medicinal chemistry has shifted from
traditional methods towards a blended learning model
[12, 13]. This approach seamlessly integrates online and
offline teaching, leveraging the advantages of interactive
communication in face-to-face classrooms while over-
coming the limitations of traditional offline teaching,
such as a singular format and limited content. Moreover,
the use of online resources in the blended learning model
has expanded the platform for medicinal chemistry edu-
cation, greatly enriching the teaching content. It has
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not only sparked students’ interest in learning but also
broadened their perspectives. Therefore, it is essential to
explore the application of the blended learning model in
biochemistry teaching.

Teaching medicinal chemistry presents a unique chal-
lenge for pharmacy students, prompting a preliminary
investigation into the data-driven blended online-oftline
teaching model's implementation. This instructional
approach amalgamates various teaching techniques with
the objective of improving students’ learning outcomes
and satisfaction, thereby offering additional teaching ave-
nues for nurturing pharmaceutical talent.

Methods

Participants

This teaching reform experiment is open to all third-year
Pharmacy students at Hebei North University. Before
commencing the experiment, students were required to
complete a short screening questionnaire to ensure they
had the necessary resource for the experiments. The
questionnaire asked the following five yes-or-no ques-
tions: (1) Do you have a stable internet connection? (2)
Do you have access to an independent electronic device
(laptop, tablet, or smartphone)? (3) Are you able to com-
plete the online course? (4) Are you able to complete
the exams and questionnaires? (5) Are you aware of this
experiment and willing to participate? Students who
answered “yes” to all questions were eligible for the study,
while those who answered “no” to one or more questions
were excluded.

Sample size, grouping and blinding methods

According to the sample size calculation method
reported in the literature [14], the study required a
minimum of 52 participants per group to achieve a sig-
nificance level () of less than 0.05 and a power (1-p) of
80%. The participants were randomly divided into experi-
mental group (#=59) and control group (#=>59) using a
simple randomization. Both groups were supervised by
the same teaching team, including one professor and two
assistants. The experiment was conducted using a single-
blind method and the students were blinded after assign-
ment to interventions.

Study design

We have employed a randomized controlled trail to
assess the effectiveness of a data-driven blended online-
offline (DDBOO) teaching model on a group of healthy
volunteers. The DDBOO method was implemented in
the experimental group, while the control group received
the traditional lecture-based learning (LBL).
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Interventions

The DDBOO model for medicinal chemistry course

The DDBOO instructional process is structured into
three phases: pre-class, in-class, and post-class. Through
a seamless integration of synchronous and asynchronous
learning, we have formulated a comprehensive DDBOO
teaching approach, as illustrated in Fig. 1.

Before class The teacher introduces the theme, charac-
teristics and tasks of the lesson online, emphasizing the
importance of the chapter and sparking student’s inter-
est. Students engage in self-directed online learning tasks
utilizing the SuperStarLearn software. They access and
complete tasks at their own pace, view microlecture vid-
eos covering key topics, and subsequently undergo cor-
responding chapter tests. Following this, Problem-based
learning (PBL) scenarios are introduced, encouraging col-
laborative teamwork to address PBL tasks. For those who
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do not complete assigned tasks, the learning alert system
prompts them to do so. Teachers analyze online learn-
ing data, including the duration and frequency of student
video views and chapter test accuracy, to identify com-
mon issues and pinpoint teaching challenges.

Inclass Duringthe class, teachers provide comprehensive
explanations for commonly challenging issues and assess
the learning outcomes through features such as quick
response and in-class quizzes on the SuperStarLearn plat-
form. Group discussions and collaborative thinking are
encouraged to achieve a deeper understanding. Teachers
also provide individualized guidance to address specific
issues encountered by students during the learning pro-
cess. By analyzing learning behaviors, such as participa-
tion in quick response and thematic discussions, as well
as statistical data from in-class quizzes and assessments of
group tasks, teachers can determine student engagement,
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Fig. 1 An overview of the study design
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personalized challenges, and learning effectiveness. This
analysis enables teachers to intervene promptly, making
adjustments to the teaching pace as necessary.

Post class At the end of the class, the students completed
a post-quiz and a questionnaire consisting of nine ques-
tions. Following the class, learning data retrieved from
the SuperStarLearn Platform reports are used to distrib-
ute personalized assignments. By analyzing data such as
assignment accuracy, teachers identified cognitive gaps
and deviations among students. This information allows
for targeted supplementation and correction in the sub-
sequent class.

LBL method for medicinal chemistry course

In the control group, the same topics were presented
through LBL. The lectures comprised two sessions, con-
ducted once a week for 90 min each. During the class,
the routine included the teacher explaining the learning
objectives (5 min), delivering the content using Pow-
erPoint slides (65 min), engaging in exercises (10 min),
and participating in a class discussion or question-and-
answer session (10 min). Students had the opportunity
to participate in a question-and-answer session during
the lecture, and discussions were encouraged if students
wished to share their opinions or respond to their peers’
questions.

Outcome measurements

After obtaining informed consent, basic information
about the participants, including age and gender, was col-
lected. To evaluate students’ comprehension and appli-
cation of knowledge, both groups underwent the same
assessments, consisting of one pre-quiz and one post-
quiz, each lasting 60 min and scored out of 100 points.
Additionally, a questionnaire survey was administered at
the end of the course to measure students’ self-perceived
competence. The details of the questionnaire are pre-
sented in the Supplementary materials. This survey cov-
ered various aspects such as learning interest, targeted
learning, motivation, self-learning skills, mastery of basic
knowledge, teamwork abilities, problem-solving profi-
ciency, and innovation capacity. Responses were rated

Table 1 Comparison of basic data between two groups

DDBOO LBLgroup t(x) P
group value  value
Gender
Male (n,%) 25(42.38%) 21(35.59%) 0.570 0.45
Female (n,%) 34(57.62%) 38(64.41%)
Age (years) 20.6+0.68 20.5+0.66 0417 0.673
Pre-quiz about basic ~ 78.7+8.8 79.7+9.27 -0.637 0.822

knowledge score
(point)
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using a 5-level Likert scale: 5 points for “strongly agreed,”
4 points for “agreed,” 3 points for “neutral” 2 points for
“disagreed,” and 1 point for " strongly disagreed” Fur-
thermore, a survey on satisfaction with the teaching
mode was conducted, with responses categorized into
four levels: “Very Satisfied,” “Satisfied,” “Neutral, and
“Dissatisfied” In order to maintain impartial responses,
both quizzes and questionnaires were conducted anony-
mously, mitigating any potential influence, whether posi-
tive or negative, on the students.

Statistical analysis

A chi-squared test (symbolically represented as x?) was
employed to assess the discrepancy of count data. To
compare two independent groups, the student t-test was
utilized. Data were expressed as individual values and as
meantstandard deviation (SD). Statistical analysis was
conducted using IBM SPSS statistics 20.0 software. The
significance level (alpha) was set to 0.05, and p-values less
than 0.05 were considered statistically significant.

Results

Baseline characteristics of the students

From September 2020 to January 2021, a total of 118
students actively participated in the teaching experi-
ment. Among them, 46 students were male (38.98%),
and 72 students were female (61.02%). The average age
of the participants was 20.5+0.7 years. These students
were randomly assigned to two groups: the DDBOO
group (n=59) and the traditional LBL group (n=59).
Notably, all students successfully completed the entire
teaching process, including quizzes and questionnaires,
and there were no dropouts during the study period. A
comprehensive analysis of demographic data between
the DDBOO group and the LBL group is presented in
Table 1. The results revealed no significant differences
between the two groups in terms of gender (P=0.45), age
(P=0.673), and pre-quiz scores related to basic knowl-
edge (P=0.822).

Comparison of the post-quiz test scores between two
groups

As illustrated in Fig. 2, the statistical analysis of the box
plots depicting final exam scores reveals that the aver-
age scores of the DDBOO group are higher than those
of the LBL group(7=3.742, P<0.001). Moreover, there
is a reduction in the number of low-scoring students,
suggesting a better mastery of professional knowledge
among students in the DDBOO group.

Comparison of self-perceived competence and satisfaction
between the two groups

A comprehensive evaluation of the teaching effective-
ness between the DDBOO teaching method and the
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Fig. 2 Comparison of the post-class test scores between two groups
Table 2 Outcome of questionnaire (agree %) correlation coefficient P
Statement in questionnaires DDBOO LBL T P
group  group value value Course interaction
(n=58) (n=58) 1
Learning interest (point) 45406 38+09 4673 0042 Reg“'a;caosrs;“m ent 08 Visitation frequency
Learning targeted (point) 43407 36409 4947 0088 05
Learning motivation (point) 42+07 35+£1.1 4281 0.000 N,
Self-learning skill (point) 41+07 35£12 2883 0000 Online test scores L— \_\ PBL implementation
Mastery of basic knowledge 43+08 36+1.0 4204 0019
(point)
Teamwork skill (point) 41408 37+£1.0 2646 0048 Video viewing )
Problem-solving ability (point) 41+09 39+10 2655 0.047 scores Assignment scores
Innovation ability (point) 40+08 36+12 2105 0.004 .
Classroom
discussion

Table 3 Comparison of satisfaction with the course between

two groups
Degree of satisfaction
Very satis-  Satisfied Neutral Dissat-
fied (n,%) (n,%) (n,%) isfied
(n,%)
DDBOO group  27(46.55%)  17(29.31%)  10(17.24%)  4(6.90)
LBL group 11(1897%)  20(34.48%) 19(32.76%)  8(13.79%)
¥’ value 11.107
Pvalue 0.011

traditional LBL teaching approach was conducted
through a post-teaching questionnaire survey. All ques-
tionnaires distributed for the survey were successfully
collected and proved to be valid. According to Table 2,
the DDBOO group outperformed the LBL group in
various aspects, including learning interest, learning

Fig. 3 Correlation analysis of learning behaviors

motivation, self-learning skill, mastery of basic knowl-
edge, teamwork skills, problem-solving ability, and
innovation ability, demonstrating statistically significant
differences (P<0.05). While the score for learning tar-
geted was higher in the DDBOO group compared to the
LBL group, this difference was not statistically significant
(P>0.05). Furthermore, as indicated in Table 3, the level
of satisfaction within the DDBOO group surpassed that
of the traditional LBL group (P=0.011).

Utilizing SPSS software for data analysis, we conducted
a correlation analysis to further examine the relationship
between students’ online and offline learning behaviors
and their final exam scores under the DDBOO teaching
model. The correlation analysis results are depicted in
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Fig. 3. From Fig. 3, it is evident that the online test scores
demonstrates a positively correlation with final exam
scores (r=0.52), signifying a noteworthy impact of stu-
dents’ performance in self-directed learning on overall
learning quality. However, the correlations between visi-
tation frequency, online video viewing duration, assign-
ment scores and final scores are not significant. This may
be attributed to some students engaging in online activi-
ties solely for the purpose of improving their scores. In
addition to carefully designing online teaching activities,
teachers need to appropriately assign weights to evalua-
tion criteria for online self-directed learning, guiding stu-
dents towards effective independent learning practices.
Regarding offline learning behaviors, course interaction,
PBL implementation, and classroom discussions exhibit
higher correlations with final exam scores, with correla-
tion coefficients of 0.53, 0.48 and 0.43, respectively. This
suggests that classroom interactions and presentation
discussions contribute to deepening students’ under-
standing and mastery of the learned content.

The feedback results from the instructional sur-
vey indicate that the DDBOO teaching approach has
achieved learning outcomes, as depicted in Fig. 4. 91.5%
of students believe that data-driven blended teaching
has enhanced their study habit, transformed cognitive
patterns, and bolstered subjective initiative. Addition-
ally, 94.9% of students express that classroom interaction
is more dynamic, encouraging them to confidently pose
questions and articulate their viewpoints. The majority
of students acknowledge the significant impact of data-
driven blended teaching on overall skill enhancement,
particularly in terms of autonomous learning, problem
analysis, and teamwork abilities.

M significantly improved M slightly improved ® no change

classroom interaction

Fig. 4 Results of the feedback of DDBOO group

Page 6 of 8

Discussion

This study investigated the effectiveness of a DDBOO
teaching approach in medicinal chemistry for phar-
macy students. The DDBOO model, integrating online
resources with traditional classroom instruction, yielded
significant improvements in students’ comprehension
application of complex pharmaceutical concepts, and
self-perceived competence as measured by post-course
surveys. These findings not only highlight the effective-
ness of DDBOO model, but also align with existing
research on blended learning’s benefits, including flex-
ibility, diverse resources, and enhanced student engage-
ment [15]. Furthermore, DDBOO facilitates real-time
feedback, adaptability, and a shift from teacher-centered
learning to active problem-solving and collaboration.
Data-driven assessments further empower instructors by
allowing for early intervention and ongoing refinement
of teaching methods based on student performance data
[16]. This combined approach paves the way for optimiz-
ing student learning and engagement in medicinal chem-
istry education.

Blended online-offline teaching addresses pharmacy
students’ need for practical skills by freeing up classroom
time for hands-on practice [17, 18]. Online platforms
enable flexible, self-paced learning of theoretical knowl-
edge outside of class, maximizing learning efficiency.
This organic integration of theory and practice fosters the
development of comprehensive abilities, including opera-
tional skills, critical thinking, and innovation. Students
appreciate the flexibility and diverse resources offered by
the blended approach, leading to increased engagement
and enjoyment of the learning process.

The teacher plays a pivotal role in blended online-
offline teaching for medicinal chemistry. They design a
curriculum integrating both online and offline compo-
nents, selecting materials tailored to medicinal chemistry

W significantly improved M slightly improved ™ no change

classroom interaction
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education. Utilizing online platforms and resources,
teachers engage students in various activities such as dis-
cussions and virtual experiments, guiding them through
the online learning environment. Moreover, teachers
adopt a data-driven approach, collecting and analyzing
student performance data to provide individualized sup-
port and targeted interventions. Continuous feedback on
student performance informs the adaptation of teaching
strategies to meet diverse learning needs. Offline ses-
sions, including laboratory work and group discussions,
complement online components to offer a comprehensive
learning experience. Through these efforts, teachers cre-
ate a supportive and collaborative environment, fostering
student interaction and critical thinking [19]. Overall,
the teacher acts as a facilitator, guide, and analyst, utiliz-
ing data-driven insights to optimize the blended online-
offline teaching approach in medicinal chemistry.

Limitations.

Despite its advantages, the DDBOO teaching model
also presents several limitations. One notable limita-
tion is the potential for unequal access to technology
and online resources among students, which may widen
existing educational inequalities. Additionally, the suc-
cess of the DDBOO model relies heavily on effective
technology integration and teacher training, which may
pose challenges for institutions with limited resources or
infrastructure. Moreover, the model’s effectiveness may
vary depending on factors such as student motivation,
prior knowledge, and learning preferences, highlight-
ing the need for further research to better understand its
impact across different contexts and populations. Over-
all, while the DDBOO teaching model offers numerous
benefits for enhancing student learning and engagement,
careful consideration of its limitations is essential for its
successful implementation and long-term sustainability.

Conclusion

In conclusion, the application of the data-driven blended
online-offline teaching model in medicinal chemistry for
pharmacy students has demonstrated promising results
in enhancing learning outcomes and satisfaction levels.
This innovative approach, guided by big data technology,
provides a tailored and personalized learning experience
that addressed individual student needs. The findings
of this study underscore the potential of integrating
advanced teaching methodologies with traditional class-
room instruction to optimize the educational experience
in pharmacy education. Future research should explore
the applicability of this blended teaching model to other
disciplines, such as clinical medicine, nursing, and public
health.
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