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Abstract

Background: Theoutbreak of the COV1D-19 pandemic created significant challenges but al so aunique opportunity, accel erating
the evolution of higher education, including dental education. This encouraged dental education to adopt more flexible modes
like blended learning.

Objective: This study aimed to explore senior undergraduate dental students’ views on blended learning during and after the
COVID-19 pandemic and to identify modifiable factors influencing their engagement.

Methods: A survey was conducted among final-year undergraduate students at a top-ranking dental school in mainland China
during the fall semesters of 2020-2021 and 2023-2024. The survey assessed satisfaction with blended learning, preferences for
engagement, strengths compared to purely online or offline teaching, and factors influencing engagement during and after the
pandemic.

Results. Response rates were 75% (85/114) in 2020 and 73% (47/64) in 2023. Blended learning was used in 53% (26/49) of
evaluated courses. High satisfaction was reported by 82% (93/114) in 2020 and 59% (38/64) in 2023, with significant differences
between high- and low-satisfaction groups (P<.001). Satisfaction with specific course types and learning activities was analyzed.
Factors associated with higher satisfaction were evaluated using Pearson corréelation. Students acknowledged the strengths of
blended Iearning over online- or offline-only formats. In total, 70% (80/114) in 2020 and 61% (39/64) in 2023 expressed adesire
to participate in blended dental education. Factors decreasing engagement included unstable technical support (68/114, 60% in
2020 vs 26/64, 41% in 2023), poor online-offline integration (58/114, 51% vs 34/64, 53%), lack of motivation (51/114, 45% vs
24/64, 38%), and insufficient teacher-student interaction (44/114, 39% vs 20/64, 31%). Factors increasing engagement included
high-quality learning materials (76/114, 67% vs 43/64, 67%) and improved technical environments (62/114, 54% vs 35/64, 55%).

Conclusions; Fina-year dental students were generally satisfied with blended learning and recognized its strengths compared
to purely online or offline formats, both during and after the pandemic. More efforts are required to enhance students’ potential
engagement in blended learning for the future.

(IMIR Form Res 2025;9:€63453) doi: 10.2196/63453
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decades. Generally, undergraduate dental courses are

Introduction

Undergraduate dental education aimsto provide dental students
with basic dental sciences and high-quality clinical practice to
guarantee their competency [1,2]. Learning modes in dental
education in China have continuously developed over the past
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concentrated in the last 2 years, especialy the final year, which
mainly focuses on intensive and comprehensive training to
develop students competence in clinical practice [2,3].
Traditiona undergraduate dental education relies on
textbook-based learning, focusing on classic textbooks in a
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specialized field for knowledge acquisition, but some of this
information may be outdated, and students may develop fixed
ways of thinking [2]. In face-to-face learning, students receive
lectures from teachers in the classroom and usually acquire
knowledge passively [4]. To ater the teacher-centered mode,
problem-based learning and case-based | earning questionnaires
have been introduced, which support a learner-centered mode
to foster active learning and clinical decision-making [5-7]. In
recent years, advancesin internet infrastructure have broadened
the availability of internet services and prompted the application
of online learning in modern dental education, exhibiting
comparable or even better effectiveness compared to traditional
face-to-face learning in dental education [8,9].

Blended learning, alearning mode that has grown increasingly
popular in higher education sincethe 1990s[10-13], isgenerally
defined as the integration of face-to-face learning with online
learning [14]. This learning mode is designed to fully harness
the merits of online learning and offline learning, enhance the
effectivenessand delivery of educational systems, and facilitate
learning activation and support [12,15]. While heterogeneity
among different surveys exists, influencing factors of 3
dimensions, namely, learning dimensions, teaching dimensions,
and curriculum dimensions, have been identified as accounting
for student satisfaction with blended learning experiences in
higher education in China [16]. Hitherto, only a few panel
studies have focused on students opinions about the
implementation of blended learning in dental education
compared with face-to-face learning or online learning modes.
For example, in early preclinical dental education for prosthetic
dentistry, students highly evaluated blended learning with high
satisfaction for learning content and outcomes, and appreciated
blended learning for the achievement of learning objectives
with theaid of e-learning tools[17]. Inthird-year undergraduate
dental education for orthodontics, blended learning combining
the use of plaster models with digital 3D models received
positive feedback from students, and the |earning performance
outcomes were highly evaluated [18]. In fina-year
undergraduate dental education for oral radiology, dental
students appreciated the benefits of blended learning in
effectiveness, motivation, and engagement compared to the
face-to-face only mode [19]. These findings are encouraging
regarding the value of blended |earning in undergraduate dental
curricula

The outbreak of COVID-19, an infectious disease caused by
SARS-CoV-2, started in Chinain December 2019, was declared
by the World Health Organization as a public health emergency
of international concern in January 2020, and was assessed as
apandemic in March 2020 [20,21]. The immediate impacts of
the COVID-19 pandemic on medical education are largely
attributed to the modification of the educational calendar, online
shiftsof preclinical theoretical curricula, limitationson clinical
rotations, and reliance on e-learning technology for clinical
practical training [7]. By contrast, students were faced with
unexpected challenges related to the COVID-19 pandemic
[22,23]. Studying the learning mode differences between the
COVID-19 pandemic and the post—COVID-19 years might
provide valuable information for medical education. The
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competency of health professions students is also important
[24], although it was not included in this study.

Indeed, interpreting the effects of the COVI1D-19 pandemic and
postpandemic period on the learning outcomes and competency
acquisition of students could provide clues for future dental
education [25,26]. Existing studies on dental students
self-evaluation of blended learning during the COVID-19
pandemic have reported that most students were very satisfied
with the blended learning mode for improving their learning
effectiveness, learning efficiency, and personal learning pace
[27]. However, disadvantages of blended learning, such as
limited social contact, have also been disclosed [27]. The
blended mode used in examinations during the COVID-19
pandemic has also been acknowledged by students for
assessment feasibility, test anxiety alleviation, and academic
performance improvement [28]. Under the context of the
Healthy China Strategy proposed by the National Congress of
the Communist Party of China, progressin the construction and
application of blended learning in medical education has
substantially contributed to the theoretical and practical
development of this learning mode [29]. Although the
self-reported learning experiences of students might be
subjective, they serve as important feedback on the learning
mode [1,30]. It is worth noting that for the COVID-19 and
post—COVID-19 periods, differencesin learning environments
might alter students' needs for the efficiency, availability, and
quality of knowledge delivery, which would provideinformation
for the reform of the learning mode under an unexpected public
health emergency [22].

However, students' perceptions of the blended |earning mode
for undergraduate dental education in both the COVID-19 and
post—COVID-19 periods have not been revealed. This study
aimed to explore students’ satisfaction and suggestionsregarding
the blended learning mode in final-year undergraduate dental
education during both the COVID-19 and post—-COVID-19
periods. Using a questionnaire survey, we gathered students
satisfaction with blended learning among final-year
undergraduate dental students in the West China School of
Stomatology of Sichuan University, assessed students
self-reported desire to engage in blended learning activities, and
identified modifiable factorsthat might influence their potential
engagement. Our study reported the learning modes of dental
education in the top-ranking dental university during the
COVID-19 and post—-COV1D-19 period.

Methods

Study Settings and Participant Criteria

This survey study was undertaken at the West China School of
Stomatology of Sichuan University. This school is recognized
as a pioneer of modern dental education in China and has
consistently ranked first in stomatology eval uationsin mainland
China [31]. The dental science program at the West China
School of Stomatology is the top-ranked discipline among all
dental colleges and universities, according to the Ministry of
Education of mainland China. The undergraduate dental science
(5-year) program is intended to nurture students with basic
medicine and clinical medicine knowledge, train students with
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basic theories and practical skills of stomatology, and qualify
students with solid expertise on the diagnosis, treatment, and
prevention of common and frequently occurring oral diseases.
The course structures and learning modes in this school are
considered to represent the highest level of undergraduate dental
education in China.

The survey recruited final-year undergraduate dental students
who majored in dental science at the West China School of
Stomatology of Sichuan University during the end of the fall
semester of academic years 2020-2021 and 2023-2024, as
representative time pointsfor COVID-19 (December 2019-May
2023) and post—COVID-19 (May 2023), respectively. In total,
248 and 226 final-year undergraduate dental students enrolled
in the fall semesters of the academic year 2020 to 2021 and the
academic year 2023 to 2024 were invited to participate in the
survey. The inclusion criteria were students who (1) were
enrolled in the undergraduate stomatology (5 years) program
at the West China School of Stomatology of Sichuan University;
(2) had completed all previous comprehensive theoretical and
practical training courses in the past 4 years; and (3) had
smartphone, tablet, and laptop devices with internet access
during the data collection process. The exclusion criteria were
studentswho (1) weretransfersand (2) were onlong-term leave
or had dropped out during the study periods (COV1D-19 period:
December 2019 to May 2023; post—COVID-19 period: May
2023 onward).

Students' Exposureto Blended Learning

Partici pants accessed their blended | earning experiences during
their final-year study in the fall semester of the academic year
2020 to 2021 and the academic year 2023 to 2024. Coursesin
the undergraduate stomatology (5 years) program, whichisone
of China's double first-class disciplines and is jointly run with
the West ChinaHospital of Stomatology of Sichuan University,
were evaluated in this study. This program aims to cultivate
talents who have basic medica theoretical and clinical
knowledge; master oral medicinetheoriesand clinical operation
skills; are engaged in the nationa medical practitioner
qualification certification; and have good professionalism in
oral clinical diagnosis, treatment, and prevention. Thecurricula
that were evaluated in this survey consisted of 49 courses
divided into 4 types, namely, general courses (10/49, 20%),
speciaized foundati on courses (22/49, 45%), specialized courses
(14/49, 29%), and practical courses (3/49, 6%).

Survey Design and Pilot Test

This study used a self-administered, anonymous, electronic
survey, including asurvey invitation letter, participant informed
consent, a questionnaire of 20 questions, and a free-response
item. Thefirst section of the questionnaire collected information
on students majors and year of study, their self-perceived
knowledge levels for blended learning, and the frequency with
which they reported using blended learning in their studies. The
second section evaluated the types of curricula using blended
learning and the detailed implementation of the learning
processes. In the third section, the items measured students
satisfaction with blended learning and factors influencing their
satisfaction [32,33]. The following section assessed students
perceptions of the strengths of blended learning compared with
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online or offline learning and evaluated their desire to engage
in blended learning. The final section asked about factors that
might increase or decrease students’ potential engagement [9].
Thefree-responseitem wasincluded to gather rich insightsinto
students' thinking about blended learning. Items assessing
students' self-perceived knowledge levels of blended learning
were rated using a 4-point Likert scale (ranging from not
knowledgeable to very knowledgeable) [32]. Items assessing
students’ satisfaction with blended learning were rated using a
5-point Likert scale (ranging from very dissatisfied to very
satisfied) [34]. Items assessing students’ desire to participate
in blended learning were rated using desire as a predictor of
engagement. ltems ng factorsinfluencing students’ desire
to engage in blended learning were evaluated using
multiple-choice question options.

The survey was developed on a web-based survey platform,
WJX.cn, in mainland China, based on a skip-logic design. The
items were developed by a panel of 12 experienced educators,
student representatives, and academic affairs experts and were
piloted on 10 subjects for 2 rounds without iterative revision.
The online survey was conducted following the CHERRIES
(Checklist for Reporting Results of Internet E-Surveys)
guidelines.

Data Collection

The survey recruitment was conducted during 2 separate 2-week
recruitment periods (January 18 to January 31, 2021, and
December 27, 2023, to January 10, 2024). The survey link was
included in an invitation letter and was distributed to students
via QQ, which is an online platform well accepted by
undergraduate students for its instant messaging and online
organizing functions [35]. The response settings were rigidly
specified so that a respondent could submit only 1 response,
and up to 3 reminders were sent to nonresponders during the
recruitment period.

Statistical Analysis

All statistical analyses were performed using SPSS software
(version 22.0). Theresponse ratesincluded only fully completed
surveys from respondents. Descriptive statistics for each
outcome variablewere reported as mean, mean difference (MD),
and standard deviation (SD) for continuous quantitative variables
and freguencies (or percentages) for categorical variables. We
conducted the Shapiro-Wilk normality test and found that the
student satisfaction data approximately followed a normal
distribution across outcome variables (overall blended learning,
individual curricula, and specific learning activities). Then, the
1-tailed t test was adopted as a parametric test to examine
differences between groups by comparing the overall
-satisfaction group, the high satisfaction group (HSG, defined
as satisfaction responses as very satisfied and satisfied), and the
low satisfaction group (LSG, defined as satisfaction responses
as very dissatisfied, dissatisfied, and neutral) with a 95% CI.
Pearson correlation analysis was used to examine factors
associated with higher satisfaction from respondents. The
chi-square test, a common nonparametric test for data not
assumed to be normally distributed, was used to compare the
strengths of blended learning with offline or online learning
only between different groups.
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Ethical Consider ations

The survey was approved by the Academic Affairs Division,
West China School of Stomatology, Sichuan University
Ingtitutional Review Board (WCHSIRB-D-2024-481). The
electronic survey invitation letter included a description of the
study’s objectives and procedures, informed participants that
participation was voluntary and anonymous, and clarified that
the survey results would be used for research purposes only.
Informed consent was obtained from participants upon survey
submission. No compensation was given for participating in
this study.
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Results

Among the 474 final year undergraduate students recruited in
2020 and 2023, 38% (178/474) completed the survey, with
response rates of 46% (114/248) in 2020 and 28% (64/226) in
2023. Of these respondents, 75% (85/114) in 2020 and 73%
(47/64) in 2023 described themselves as very knowledgeable
or knowledgeabl e about blended |earning. Considering that one
response might choose multiple course types, we al so analyzed
the knowledge levels of responsesin 2020 and 2023 (Table 1).

Table 1. Characteristics and knowledge levels of the survey in 2020 and 2023.

Curricula Overall sample®, n  Respondents, n (%)
Very knowledgeable Knowledgeable Somewhat knowledgeable  Not knowledgeable
2020
General courses 38 3(8) 22 (58) 13 (34) 0
Specialized foundation 53 8(15) 33(62) 12 (23) 0
courses
Specialized courses 94 13 (14) 63 (67) 17 (18) 1(1)
Practical courses 26 5(19) 19(73) 1(4) 1(4)
2023
General courses 42 (66) 9(21) 23 (55) 10 (24) 0
Specialized foundation 38 (59) 5(13) 23(61) 10 (26) 0
courses
Specialized courses 50 (78) 6(12) 28 (56) 16 (32) 0
Practical courses 32 (50) 5(16) 19 (59) 8(25) 0

#The overall sample sizes of specific courses were counted as the sum of all respondents who chose this course.

Asfor theimplementation of blended learning, studentsreported
shiftsin the online and offline distribution patterns for specific
learning procedures (Multimedia Appendix 1). In generdl,
preclass activities, student sign-in, and in-class quizzes showed
less online integration in 2023 compared to 2020. By contrast,
teacher-student interactions, student-student interactions, and
teachers feedback did not follow this pettern, as these
procedures showed a decrease in online engagement and an
increase in offline engagement in 2023 compared with 2020,
which differed from most other teaching procedures. M oreover,
practical teaching and final examinations shifted from online
to offline and showed almost the same trend in both 2020 and
2023.
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Table 2 summarizes students’ satisfaction with blended learning
in 2020 and 2023. Overall, students’ satisfaction decreased from
2020 to 2023, as 82% (93/114) versus 59% (38/64) of the
studentswerein the HSG in 2020 versus 2023, and statistically
significant differences were found between the HSG and the
LSG inboth years (MD 1.634 and 95% CI 1.502-1.767 in 2020
and MD 2.116 and 95% Cl 2.054-2.177 in 2023). Specifically,
compared to 2020, students in 2023 were most satisfied with
speciaized foundation courses (40/53, 75% in the HSG) and
moderately satisfied with general courses (26/38, 68% in the
HSG) and specialized courses (63/94, 67% inthe HSG), whereas
they felt most dissatisfied with practical courses (9/26, 35% in
the HSG), and statistically significant differences were found
for the mean scores of al curricula (P<.001).
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Table 2. Students satisfaction with blended learning for different curriculum types and specific learning activities in 2020 (n=114) and 2023 (n=64).

Terms Overall (2020 vs 2023)
Overal, mean (SD) HSG? mean (SD) LSGb, mean (SD) Mean difference (95% Cl) P value
Overall curricula 3.79(0.926) vs2.36  4.29(0.457) vs3.98 2.66 (0.684) vs1.87  1.634 (1.502-1.767) vs <.001vs
(1.155) (0.513) (0.776) 2.116 (2.054-2.177) <.001
Genera courses 3.68(0.933) vs2.55 4.19(0.402) vs4.27 258 (0.793) vs1.03  1.609 (1.268-1.950) vs <.001vs
(1.951) (0.450) (1.425) 3.238 (3.567-2.909) <.001
Specialized foundation courses  3.87 (0.900) vs4.31  4.28 (0.452) vs4.23  2.62(0.768) vs1.12  1.660 (1.341-1.979) vs <.001lvs
(1.720) (0.429) (1.452) 3.108 (3.370-2.846) <.001
Specialized courses 3.75(0.950) vs2.92  4.29(0.455)vs4.25 2.65(0.709) vs1.59  1.641 (1.495-1.786) vs <.001vs
(1.721) (0.440) (1.478) 2.656 (3.030-2.282) <.001
Practical courses 350 (1.105)vs1.80 4.18(0.393)vs4.16 2.22(0.833) vs0.80  1.954 (1.516-2.392) vs <.001lvs
(1.904) (0.375) (1.307) 3.358 (3.570-3.145) <.001
Preclass activities 3.79(0.814) vs3.75 4.30(0.462) vs4.17 2.88(0.400) vs2.96  1.423(1.405-1.442) vs <.001vs
(0.667) (0.377) (0.213) 1.212 (1.189-1.235) <.001
Teaching activities
Class content 3.92(0.754) vs3.77 4.31(0.463)vs4.14 294(0.354)vs295 1.367(1.342-1.393) vs <.001vs
(0.636) (0.347) (0.224) 1.186 (1.186-1.187) <.001
Teaching strategies 3.82(0.815)vs3.77 4.31(0.464)vs4.14 2.87(0.409)vs3.00 1.435(1.409-1.461) vs <.001vs
(0.611) (0.351) (0.000) 1.140 (1.032-1.247) <.001
Examination design 3.82(0.748) vs3.60 4.31(0.464)vs4.17 2.98(0.154)vs2.86 1.330(1.269-1.391) vs <.001vs
(0.750) (0.378) (0.356) 1.310 (1.320-1.300) <.001
Postclass feedback 3.83(0.740) vs3.69 4.26(0.441)vs4.13 295(0.329)vs2.96  1.314(1.304-1.324) vs <.001vs
(0.639) (0.335) (0.204) 1.167 (1.146-1.187) <.001
Student engagement 3.71(0.849) vs3.77 4.29(0.459)vs4.13 2.85(0.470)vs2.90  1.446 (1.418-1.475) vs <.001vs
(0.661) (0.344) (0.315) 1.238 (1.287-1.190) <.001
Teacher-student interac-  3.75(0.818) vs3.64  4.31(0.465)vs4.16  2.91(0.412)vs2.89  1.396 (1.385-1.405) vs <.001vs
tions (0.721) (0.370) (0.326) 1.273(1.283-1.263) <.001
Integration betweenonline 3.78 (0.750) vs3.70 424 (0.432) vs4.17  2.93(0.350) vs2.87  1.318(1.306-1.330) vs <.001vs
and offline learning (0.728) (0.381) (0.344) 1.301 (1.329-1.273) <.001

8HSG: high satisfaction group.
bLSG: low satisfaction group.

Regarding students’ attitudes toward individual learning
activitiesin blended learning (Table 2), statistically significant
differences were found in the overall mean satisfaction scores
for al learning activity items (P<.001). In addition, statistically
significant differences (P<.001) were found between the HSG
and the LSG in the mean scores for all learning activity items
in both 2020 and 2023. Students expressed the highest
satisfaction for class content, with an overall mean satisfaction
score of 3.92 (SD 0.754) in 2020 versus 3.77 (SD 0.636) in
2023. In addition, students were more satisfied with student
engagement during blended learning in 2023 (mean 3.71, SD
0.849) compared to 2020 (mean 3.77, SD 0.661). By contrast,
students expressed lower satisfaction with learning activities
such as preclass activities, teaching strategies, examination
design, postclass feedback, teacher-student interactions, and
integrations between online and offline learning in 2023
compared to 2020.

Factors correlated with students satisfaction with blended
learning were analyzed using Pearson correlation anaysis
(Multimedia Appendix 2). Among different online learning
materials, MOOC (r=0.19; P=.04) was significantly correlated
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with students’ satisfaction in 2020, while live lectures (r=0.28;
P=.03) and other materials (r=0.29; P=.02) were significantly
correlated with students' satisfactionin 2023. Regarding offline
learning materials, designated learning materials (r=0.20; P=.03)
were significantly associated with higher satisfaction with
blended |earning in 2020. Other materials, such asclinical cases,
literature materials, students’ self-chosen materials, and clinical
teaching moddls, were not related to student satisfaction in 2020.
The 2023 resultswere similar to those of 2020, with most offline
learning materials showing no correlation with students
satisfaction, except for other materials (r=0.29; P=.02). In
addition, among all the teaching procedures, teachers' feedback
was significantly correlated with higher student satisfaction
(r=0.32; P=.01) in 2023. Other face-to-face instructions,
including collaborative learning, student-student interactions,
teacher-student interactions, in-class quizzes, and so on, had no
significant correlation with students' satisfaction in 2020 and
2023. Moreover, there were a so significant associ ations between
students’ satisfaction and active learning strategies, such asturn
and talk (r=0.39; P=.001), pause procedures during lecture
(r=0.35; P=.004), and other strategies (r=0.29; P=.02) in 2023,
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while only simulation exercises were significantly correlated
with higher student satisfaction in 2020 (r=0.19; P=.04).

Asshownin Table 3, students perceived the strengths of blended
learning compared to online learning or offline learning only.
Compared to traditional offline learning in 2020 versus 2023,
students valued blended learning for its ability to enhance

Lietd

learning motivation (P<.001), communication skills (P=.008),
practical skills(P<.001), courseinterest (P=.04), time and space
flexibility (P<.001), and new media literacy skills (P=.002).
When compared to onlinelearning in 2020 versus 2023, students
appreciated blended learning for improving learning motivation
(P=.04) and new media literacy skills (P=.02).

Table 3. Students self-perceived strengths of blended learning compared to offline learning or online learning only in 2020 (N=114) versus 2023

(N=64).

Terms Blended vs offline (2020 vs 2023) Blended vs online (2020 vs 2023) P value (2020 vs 2023)
n (%) 95% Cl n (%) 95% Cl

Knowledge acquisition 63 (55) vs 30 46.1-64.1vs34.3-50.4 61 (54) vs 37 44.4-62.4vs45.4-70.3 .40vs.22
(47) (58)

Learning motivation 84 (74) vs 45 64.9-80.9vs58.8-81.8 54 (47) vs29 38.4-56.5vs32.8-57.9 <.001vs.04
(70) (45)

Communication skills 44 (39) vs 34 30.2-47.8vs40.6-65.7 62 (54) vs 27 45.3-63.2vs29.8-54.6 .008 vs.22
(53) (42)

Collaboration skills 53 (47) vs 35 37.6-55.6vs42.2-67.2 43 (38) vs29 29.4-46.9vs32.8-57.9 .09vs.29
(55) (45)

Practical skills 17 (15) vs 27 9.5-22.6vs29.8-54.6 54 (47)vs34 9.5-22.6 vs40.6-65.7 <.001vs.22
(42) (53)

Interest in courses 25(22) vs 19 15.3-30.4vs18.2-41.2 37(33) vs 20 25.6-41.5vs19.6-429 .04vs.85
(30) (31)

Time and space flexibility 82 (72) vs 35 63.1-79.4vs42.2-67.2 48 (42) vs24 33.5-51.3vs25.3-49.7 <.001vs.05
(55) (38)

New medialiteracy skills 54 (47) vs 32 38.4-56.5vs37.4-626 33(29)vs19 21.4-37.9vs18.2-41.2 .002 vs.02
(50) (30)

Expanded horizons and mindset 30 (26) vs 20 19.1-35.1vs19.6-429 23(20) vs14 13.8-285vs11.5-32.3 .14vs.23
(31) (22)

None of the above 11 (10)vs8(13) 5.5-16.5vs4.2-20.8 8(7)vs5(8) 3.6-13.2vs1.1-146 .24vs.38

Most students expressed a preference for incorporating blended
learning in final-year undergraduate dental education, with 70%
(80/114) of the students in 2020 and 61% (39/64) in 2023
indicating a desire to engage in blended learning. Multimedia
Appendix 3 summarizes that the leading factors decreasing
students' potential engagement in blended learning were the
samein both 2020 and 2023, namely, unstable technical support
(68/114, 60% in 2020 vs 26/64, 41% in 2023), poor integration
between online and offline learning (58/114, 51% in 2020 vs
34/64, 53% in 2023), a lack of learning motivation (51/114,
45% in 2020 vs 24/64, 38% in 2023), and a lack of
teacher-student interaction (44/114, 39% in 2020 vs 20/64, 31%
in 2023). Compared to 2020, there was a decline in unstable
technical support, a lack of learning motivation, a lack of
teacher-student interaction, and a lack of teaching materials,
which decreased students’ desireto engagein blended learning.
By contrast, theinfluences of improper performance assessment,
insufficient teaching ability, and limited teaching supervision
and evaluation on decreasing students engagement were
upregulated in 2023.

On the other hand, the top factorsincreasing students' potential
engagement in blended learning were the same in both 2020
and 2023, namely, providing high-quality learning materials
(76/114, 67% in 2020 vs 43/64, 67% in 2023) and the
improvement of the technical environment (62/114, 54% in
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2020 vs 35/64, 55% in 2023). Compared to 2020, theinfluence
of the use of teacher incentives (59/114, 52% in 2020 vs 22/64,
34% in 2023) on increasing students’ engagement decreased in
2023. By contrast, theimpacts of emphasizing evaluationinthe
learning process (51/114, 45% in 2020 vs 33/64, 52% in 2023)
and establishing effective classroom schedules (48/114, 42%
in 2020 vs 31/64, 48% in 2023) on enhancing students
engagement increased in 2023.

For the free-response items, students suggested waysto enhance
engagement in blended learning, including involving students
in curriculum design and learning material development, more
emphasis on problem solving during face-to-face instruction,
as well as offering incentives during the learning process, etc.

Discussion

Principal Findings

This study demonstrates that final-year undergraduate dental
students had a generally satisfied attitude toward blended
learning inthe COV1D-19 and post—-COVID-19 years. Students
acknowledged the strengths of blended learning in multiple
aspects compared to online or offline learning only. Meanwhile,
students desired to engage in blended learning and reported
factors that might influence their potential engagement. These
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findings revea students self-reported satisfaction and
perceptions regarding blended learning for undergraduate dental
education and provide practical clues for enhancing student
engagement in blended learning in the circumstance of the
COVID-19 pandemic and beyond.

At its peak, the COVID-19 pandemic significantly impacted
higher education by necessitating rapid shifts to online or
blended learning in health professional training [7,9,36].
Participants generally acknowledged that the diverse
methodologies in online-based |earning during the COVID-19
pandemic advanced the modernization of health professional
education [37]. In addition, comparable or even greater
effectiveness for knowledge acquisition than nonblended
learning has been observed in health professionals, athough
heterogeneity should be noted [38]. Similar positive effects of
blended learning have been reported in health professions
students for learning effectiveness [39], graduate medical
students for knowledge gain [40], and undergraduate medicine
and nursing studentsfor knowledge outcomes and clinical skills
training [7,41]. Serving as one of the most prevalent teaching
approachesfor medical education during the pandemic, blended
learning encountered challenges such as students' limited
acceptance of technol ogy-assisted learning, difficultiesin student
engagement during the learning process, and issues related to
cognition and retention [42]. Moreover, the sudden transition
of medical education to online-only or blended learning modes
during the pandemic might interrupt academic interactions and
trigger unstructured learning patterns among health professional
students and arouse their need for retaining certain course
components, such aspractical training in traditional face-to-face
learning [43].

In our survey study, more students showed a generally satisfied
attitude toward blended learning in 2020 compared to 2023
(Table 2). Other studies have shown that students’ age, computer
experience, and technology acceptance might affect their
satisfaction with online learning [44,45], while failure to
incorporate these aspects in our survey might bias the results.
In fact, final-year dental students complete most of their
theoretical and practical studies during their junior year or
earlier, making them familiar with onlinelearning environments
and technology for blended learning, which hel ps minimize bias
in our study. Notably, students expressed the lowest degree of
satisfaction toward practical courses in both 2020 and 2023
(Table 2), consistent with the finding that the number of students
who desired to engage in practical courses involving blended
learning was the least among all curriculum typesin both years
(data not shown). However, in another study assessing student
perceptions of blended learning in practical training in
orthodontic education, students expressed general acceptance
and a preference for engagement in the blended learning mode
compared with both traditional solid modelsand e-models[18].
Specifically, the blended learning mode that combines el ectrical
3D simulation modelswith traditional plaster models cultivates
critical thinking and haptic sensitivity to facilitate clinical
practice [18]. Another retrospective study concluded that the
integration of a flipped classroom approach into blended
learning in a dental anatomy course could effectively improve
students' scores in practical assessments, although not in
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theoretical assessments[46]. These studies support the adoption
of blended learning in practica training for undergraduate dental
education. Moreover, the learning of experiential forms of
knowledge is also important for dental skills [47,48]. By
contrast, in the COVID-19 pandemic context, the emphasis on
patients knowledge of dental emergencies, diseasetransmission,
and needed preparations underscored the need for dental students
to enhance their professional preparedness and knowledge for
clinical practice [38]. This might fuel senior dental students
aspiration to acquire clinical skills, particularly during the
post—COV ID-19 period. Futureinstruction on the rationality of
course design, the availability of reliable online resources, and
the delivery of in-class activities is necessary for the
implementation of blended learning in dental courses with
practical components, improving learner acceptance and
performance outcomes.

In our study, students showed the lowest satisfaction for
teacher-student interactions in both 2020 and 2023 (Table 2),
and teacher-student interactions were identified as a key factor
influencing student engagement in blended learning (Multimedia
Appendix 3). According to the social constructivist theory [49],
interactions between a student and their teachers and peers
during blended learning could stimulate effective learning and
thus improve student learning [50]. Blended learning can also
integrate the advantages of synchronous teacher-student
interactions with asynchronous time and space flexibility to
foster the engagement of students and teachers in the learning
process[51,52]. Indeed, teacher-student interactions contribute
to improved student engagement and satisfaction with blended
learning compared to online learning and face-to-face learning
[50]. During the COVID-19 pandemic, students reported
insufficient interactions with teachers for preclinica practice
in dental education, and such reduced teacher-student
interactions partially impacted students' overall satisfaction
with online learning-involved processes[9,50,53]. Barriers such
as challenges in selecting helpful peers, limited and delayed
teacher feedback and support, aswell asdifficulty indiscerning
relevant information, particularly in asynchronous online
environments, might lead to students dissatisfaction with
teacher-student interaction experiencesin blended learning.

Students greatly appreciated the strengths of blended learning
over onlineor offlinelearning only (Table 3). In the past decade,
online learning resources and platforms have substantially
facilitated the successful implementation of blended learning
in higher education [54]. During the COV1D-19 pandemic, more
high-quality online courseswerefreely developed, opened, and
shared among different schools to enhance public accessibility
for educators and students[55]. In recent years, it isencouraging
that more high-quality online learning platforms with
communi cation components have been available for web-based
courses in dental education, such as Rain Classroom [56] and
PMPHMOOC [57]. These platforms could be accessed by
students and teachers on campus or remotely viamobile devices,
such as laptops, tablets, and phones [9]. Moreover, social
softwaretools, such as Tencent QQ chat groups[9] and WeChat
apps [58], aso demonstrate an educational function by
promoting multidirectional interactions, including
teacher-student interactions, even during the COVID-19
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pandemic [11]. Although these platforms are mostly limited to
China and might not be applicable to other countries, the
fast-growing evolution of these online learning platforms and
social tools is progressing toward meeting the needs of dental
students and educators in the COVID-19 and post—-COVID-19
periods.

Students expressed a desire to engage in blended learning in
both 2020 and 2023 and reported several factors that might
influence their potential engagement. More than half of the
students indicated the importance of tech for blended learning
in both years (Multimedia Appendix 3). As mentioned earlier,
much effort is needed to facilitate the implementation of higher
education due to the COVID-19 pandemic [59]. However, the
availability of newly developed educational resources is still
limited. Moreover, their applications and adaptationsto awider
range require more time and practice [35,60]. Previous studies
have shown a strong relationship between the learning
environment and student learning behaviors, self-perceived
satisfaction, and academic performance [61-64]. As a
well-established element highly susceptibleto the environment,
self-regulated learning imposes higher standards for students
to adapt to the inevitably varied COVID-19 pandemic and
postpandemic world than before [19,36]. Efforts have been
made to cultivate self-regulated skills in students for a
web-based environment, such asthe provision of tutorialsbefore
starting acourse or the supply of real-time skill guidance within
acourse. Our findings also suggest that with the incorporation
of blended learning, a significant number of students viewed
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the impact of the development of the learning environment
positively when faced with the unprecedented COVID-19 and
post—-COVID-19 periods.

Limitations

There are several limitations of this study. First, the survey was
performed in a single dental school and might not reflect the
blended learning experiences of other schools. Second, our
survey did not record students' health status during the
COVID-19 and post-COVID-19 periods.

Conclusions

This survey study demonstrates that final-year undergraduate
dental students are generally satisfied with blended learning in
both the COVID-19 and post—-COVID-19 years. Although
students prefer to engage in blended learning compared with
online or offline learning only, their desire to participate might
vary depending on multiple factors. Dental schools, policy
makers, and educators could increase students' engagement in
blended learning by incorporating more teacher-student
interactions, establishing standardized assessment mechanisms,
providing dedicated learning materials and platforms, and
promoting self-regulated learning among dental students. The
COVID-19 pandemic has raised an alarm for dental education
to reform into a more flexible and adaptable mode, and this
survey provides clues for developing a new face of blended
learning—involved dental education in the context of the
pandemic and beyond.
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Factorsinfluencing final-year undergraduate dental students' potential engagement in blended learning during and after COVID-19
in 2020 and 2023.
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CHERRIES: Checklist for Reporting Results of Internet E-Surveys
HSG: high satisfaction group

LSG: low satisfaction group

MD: mean difference
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