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ABSTRACT

Background: New learning methods require higher professor-to-student ratios, increased faculty preparation time, continuous
professional development for educators, and expanded physical spaces within university settings.

Objectives: This systematic review aimed to answer the following PICO question: In dental students (P), what is the effec-
tiveness of innovative formats of learning (I) in comparison with traditional formats (C) in terms of educational outcomes and
satisfaction (0)?

Methods: After PROSPERO protocol registration, a literature search was conducted using Web of Science (WoS), Scopus, PubMed
and Cochrane Central Register of Controlled Trials. Selection of studies was performed in a three-step process: identification,
screening and eligibility. Data was extracted and analysed qualitatively and quantitatively. A random-effects meta-analysis was
conducted to provide an estimate of the effect of innovative teaching formats in dental education. Additionally, subgroup anal-
yses were performed to investigate potential differences in effectiveness based on the type of innovative teaching intervention.
Results: One hundred and nineteen studies matched the inclusion criteria and were included in the systematic review. A
meta-analysis of 23 studies (1074 students in the control and 1021 in the experimental group) revealed significant differences
in favour of innovative teaching methods (p<0.00001) with considerable heterogeneity (}*>=297.46, p<0.00001; I>=93%).
Subgroup analysis also revealed significantly different results depending on the innovative teaching approach (p=0.02). Both
asynchronous independent learning and synchronous learning, either in a large group with the whole class of students using
blended learning or in small groups, resulted in a significantly better outcome than traditional learning (overall effect: Z=5.85;
p <0.00001); however, synchronous blended learning showed a significantly better outcome than the rest of the subgroups (mean
difference =16.59; 95% CI=9.03-24.15). The quality of the studies varied, with some facing methodological challenges such as
inconsistent outcome measurement, which can impact the generalisability of the findings.

Conclusions: Innovative strategies lead to superior knowledge acquisition in comparison with traditional methods. Subgroup
analyses favoured synchronous blended learning, but both asynchronous independent learning and synchronous learning for-
mats, whether implemented in large-group settings via blended approaches or in small-group environments, are more effective
than traditional instruction.

Trial Registration: PROSPERO (CRD42024569691)

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | Introduction

Dental education has traditionally relied on a didactic ap-
proach primarily focused on teaching from instructor to stu-
dent, often in lecture formats (De Moor et al. 2013). However,
this traditional method presents several challenges for stu-
dents. As they are required to absorb large amounts of infor-
mation and keep up with the rapidly evolving field of dentistry,
the task becomes increasingly difficult. With the rise of tech-
nology and the growing use of tech-based learning methods,
traditional teaching methods may no longer be the most effec-
tive resource (Alrahlah 2016). Thus, there is a growing need
for innovative approaches to educational delivery. Many new
educational models have emerged over the past 50years and
have attempted to harmonise teaching and learning based on
the principle that students should drive their own learning
process (Trullas et al. 2022).

Problem-based learning (PBL) was first introduced into dental
education in the 1990s at the Faculty of Odontology in Malm®o,
Sweden (Rohlin et al. 1998). The core model of PBL consists of
the following six characteristics: Learning is student-centred;
learning occurs in small groups of students; the teacher is a fa-
cilitator or guide; problems form the organising focus and stim-
ulus for learning; problems are a vehicle for the development of
problem-solving skills; and new information is attained through
self-directed learning (Barrows 1996).

However, despite the advantages of this method, its imple-
mentation requires a relatively large number of facilitators
and multiple small spaces to accommodate groups, posing
logistical challenges for educational institutions (Winning
and Townsend 2007). Furthermore, standardisation of
training quality may be problematic due to differences in
the ability of small groups to interpret clinical cases and ap-
propriately identify intended learning objectives (Burgess
et al. 2017).

To address some drawbacks of PBL, attention has been drawn
to an alternative learner-centred teaching model known as
team-based learning (TBL) (Michaelsen and Sweet 2008). TBL
involves large group classes (which can be several hundred
students) divided into smaller teams (typically 5-7), together
with a smaller number of facilitators (typically 2-3) (Parmelee
et al. 2012).

Several studies have shown favourable outcomes for blended
learning approaches, such as the flipped classroom (FC) (Xiao
etal. 2018; Wanget al. 2021). The FC approach ‘flips’ the traditional
classroom. Instead of attending didactic lectures for knowledge
acquisition followed by independent assignments/homework, the
learner performs independent, self-directed didactic learning for
knowledge acquisition followed by classroom-based discussion
or debates. Learner-centric discussions facilitated by an educator
help create learning communities and enable peer-to-peer train-
ing, dialogue and support (Young et al. 2014).

Active learning as team-based or blended methodologies is based
on the commonly used learning theories—constructivism,

cognitive and social connectivism—and the accumulated practi-
cal experience in education (Garrison and Kanuka 2004). These
educational approaches actively engage students in the learning
process through hands-on activities, collaborative projects and
technology-enhanced environments. In recent years, interac-
tive technologies have enabled applications with increasingly
advanced personalisation features to keep students engaged
(Abykanova et al. 2016).

Active student participation in the learning process using
serious games is also being incorporated into dental educa-
tion. The use of trivia games (Felszeghy et al. 2019) or escape
rooms (Sauze et al. 2024) has been shown to improve student
engagement and optimise educational outcomes (Warsinsky
et al. 2021).

In early 2020, the emergence of the COVID-19 pandemic dis-
rupted numerous industries, prompting significant and irre-
versible changes. One of the most profound impacts was the
rapid adoption and evolution of online and virtual teaching
methods (Proffitt 2020). Additionally, the pandemic acceler-
ated the shift towards a more student-centred approach, with
teaching strategies increasingly tailored to individual learn-
ing styles, preferences and pacing. Driven by necessity, this
paradigm shift has demonstrated long-term advantages and
sustainability, extending beyond the immediate challenges of
the pandemic (Reyes-Millan et al. 2023).

E-learning encompasses a variety of approaches that differ in
structure, delivery and learner interaction. Learning can occur
individually or collaboratively and can be delivered either syn-
chronously (in real-time) or asynchronously (on-demand).
Asynchronous e-learning allows learners to access materials at
different times from when they were produced or shared, pro-
moting flexibility and self-paced study. In contrast, synchronous
e-learning requires real-time participation, often involving live
lectures, discussions, or virtual meetings. The distinction be-
tween individual and collaborative learning further shapes the
educational experience, with individual learning emphasising
self-guided progress (Ruiz et al. 2006).

There is a growing body of research examining the impact
of these teaching methods on dental education; however, the
findings remain inconsistent (Lau et al. 2021; Qin et al. 2023;
Zhong et al. 2023; Karaca et al. 2024). Moreover, these inno-
vative approaches often require higher professor-to-student
ratios, increased faculty preparation time, continuous pro-
fessional development for educators and expanded physical
spaces within university settings. Given these challenges,
further research is needed to assess the actual effectiveness
of these teaching methods in dental education, particularly in
terms of knowledge acquisition and long-term retention.

Considering all these factors, the objective of the present
systematic review was to answer the following PICO ques-
tion: In dental students (P), what is the effectiveness of
innovative formats of learning (I) in comparison with tradi-
tional formats (C) in terms of educational outcomes and sat-
isfaction (O)?
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Reports excluded:
Development or implementation of a
methodology (n = 112)
Implementation or assessment of
Curriculum/program/module (n= 46)
No article format/short communications/editorials
(n=18)
No comparison between different educational
methods (n=351)
No comparison with traditional learning methods
(n=54)
No English or Spanish language (n=1)
Non-dental students (n=40)
Other type of intervention (n=137)
Focused on preclinical/clinical training (n= 188)
Prior to year 2000 (n=31)
Sample size smaller than 6 students (n=1)
Book Chapter (n=3)
Reviews (n=75)

FIGURE1 | PRISMA 2020 flow diagram. *Consider, if feasible to do so, reporting the number of records identified from each database or register

searched (rather than the total number across all databases/registers). **If automation tools were used, indicate how many records were excluded by

a human and how many were excluded by automation tools. Source: Page et al. (2021).

2 | Methods
2.1 | Protocol Registration and Guidelines

The Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines were followed (Page et al. 2021),
and the protocol was registered in the International Prospective
Register of Systematic Reviews PROSPERO (CRD42024569691).
Figure 1 includes the PRISMA 2020 flow diagram.

2.2 | Eligibility Criteria

« Population: Studies including dental students (undergradu-
ate/postgraduate) or dental professionals.

« Intervention: studies including any form of active or
interactive learning: small-group discussion/gaming/
collaborative learning/motivational learning/blended
learning/peer learning/team-based learning/debate/
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technology-based learning/problem-based learning/dy-
namic classroom/flipped classroom/seminar/role-play/
virtual reality/artificial intelligence/metaverse/social
media/e-learning.

« Comparison/control: studies including any form of tradi-
tional methods/lecture/large group teaching.

« Study design: Experimental studies with students
(randomised control trials, comparative trials, non-
randomised), longitudinal observational studies (retrospec-
tive and prospective comparative cohort, case-control and
cross-sectional studies).

« Outcome: Any form of knowledge acquisition or retention
(learning outcome/academic performance/test scores) and
satisfaction as an additional outcome.

2.3 | Literature Search Strategy

After training and calibration by performing a literature search
with a different number of keywords several times and obtain-
ing comparable results, a comprehensive electronic search was
conducted by two independent reviewers across PubMed, WoS,
Scopus and Cochrane, from inception to date (2024 October 2).
The search was restricted to studies published in English and
Spanish. Most cited descriptors and keywords used in previous
publications on the topic were incorporated into the electronic
search strategy, using combined Medical Subject Heading (MeSH)
terms and Boolean operators as follows: (“education” OR “educa-
tional” OR “educative” OR “teaching” OR “learning” OR “student”
OR “instruction” OR “instructor” OR “supervisor”) AND (“small
group” OR “seminars” OR “group work” OR “team-based” OR “in-
teractive” OR “active” OR “flipped classroom” OR “gamification”
OR “gaming” OR “motivational” OR “collaborative” OR “blended
classroom” OR “technology-based” OR “debate” OR “group dis-
cussion” OR “problem-based” OR “dynamic classroom” OR “peer
learning” OR “artificial intelligence” OR “hands-on” OR “role-
play” OR “virtual reality” OR “metaverse” OR “self-learning” OR
“social media” OR “e-learning” OR “simulation” OR “traditional
lecture” OR “lecture” OR “large group”) AND (“outcome” OR
“efficiency” OR “effectiveness” OR “satisfaction” OR “skills” OR
“treatment quality” OR “knowledge” OR “academic performance”
OR “test score”) AND (“dental” OR “dentistry” OR “endodontics”
OR “endodontology”).

Hand searches were also conducted in the reference lists of in-
cluded papers and previously published reviews, as well as the
last 10years of J Dental Edu, Eur J Dental Educ, JADE, J Dent Sci
Educ. To identify conference papers and other grey literature,
an additional search was performed using Google Scholar and
available repositories.

2.4 | Study Selection

After executing the search strategy, the retrieved records were
exported as Excel files and imported into the Rayyan AlI-
Powered systematic review management platform mobile app
(https://www.rayyan.ai). Upon upload, Rayyan automatically
extracted titles and abstracts from the dataset. The automatic
duplicate detection tool was activated to help reviewers find and

remove duplicate records as a first screening; however, 10% of
duplicates were not automatically detected and had to be manu-
ally reviewed and eliminated by the research team.

After duplicates were removed, the “BLIND ON” function was
activated to ensure independent screening. Two reviewers inde-
pendently assessed each study by selecting one of three options:
INCLUDE, EXCLUDE, or MAYBE. After this initial screening
phase, the “BLIND OF” option was then enabled to allow both
reviewers to compare their selections. Any discrepancies (in-
cluding all studies marked as MAYBE and those with discor-
dant inclusion/exclusion decisions) were forwarded to a third
reviewer for final adjudication.

Given the high number of initial search results and the uncer-
tainty associated with using an app-based screening process,
only studies that did not include dental students or were non-
educational were excluded during this first phase, leaving 1189
articles still requiring screening that were exported for a second
screening phase, which was manually conducted on computers.
Due to the large volume of studies, the screening process was
divided among multiple pairs of reviewers to ensure thorough
assessment and minimise individual bias. This strategy was in-
tended not only to improve efficiency but also to mitigate the
risk of reviewer fatigue, which can affect decision-making accu-
racy in large-scale systematic reviews. The list of the excluded
studies and reasons for exclusion from this second screening
phase can be found as a Table S1.

Selection of relevant and appropriate studies was performed in a
three-step process: identification, screening and eligibility. The
relevance of the articles was screened by titles, abstracts and the
complete full text when necessary.

2.5 | Data Extraction

The data extraction was performed by two reviewers who in-
dependently performed duplicate data extraction using a pre-
established and piloted spreadsheet. In the case of incomplete or
missing data, the authors of the papers were contacted for clar-
ification. In the case of non-agreement between the reviewers,
the data was discussed with a third reviewer. In the case of stud-
ies with multiple reports on the same study, the relevant data of
interest was extracted.

The following details were extracted from the studies and in-
cluded in a spreadsheet: name (first author) and year of publi-
cation, country (setting), ethics committee, outcome parameter,
observation/type of assessment, study design, type of partici-
pants, topic thought, total number of participants and number of
groups. For each group, the name of the group, the final number
of students and results are facilitated. The better outcome and
the significance are also registered. All extracted data is shown
in Table 2.

2.6 | Strategy for Data Synthesis

All data was analysed qualitatively and quantitatively, and a
narrative synthesis of the included studies was performed. If the

4
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included studies were homogeneous, a quantitative meta-analysis
was considered using Review Manager (Review Manager
(RevMan) [Computer program]) (The Cochrane Collaboration
2020). Data on the primary outcome were pooled and analysed
using weighted mean differences and 95% confidence intervals
(CI). Forest plots were created to illustrate the effects of the global
estimation in the meta-analysis and of the different subgroups.
Statistical heterogeneity among studies was assessed with tau-
squared, the chi-squared test for heterogeneity, the I? test and vi-
sual inspection of the forest plot.

2.7 | Risk of Bias

The following items were independently evaluated by two re-
viewers for the critical appraisal of the included randomised
controlled trials using the RoB version 2.0.: randomisation
bias, bias due to deviations from intended interventions, bias
due to missing outcome data, bias in measurement of the out-
come, and bias in selection of the reported result. After as-
sessing the five domains, an overall risk of bias (“low risk of
bias”, “some concerns” or “high risk of bias”) was determined.
Discrepancies were resolved by discussion and consensus. The
study was considered at “low risk of bias” if only one out of the
five domains was unclear; when two domains were unclear or
one was at “high risk” the overall risk of bias was determined
as “some concerns,” and the study was considered at “high risk
of bias,” if one domain was at “high risk” and at least another
showed “some concerns”. The ROBINS-I tool (Risk Of Bias In
Non-randomised Studies of Interventions) was used to assess
the risk of bias of non-randomised studies of interventions. The
tool considers seven domains of potential bias: confounding,
participant selection, classification of interventions, deviations
from intended interventions, missing data, measurement of
outcomes and selection of the reported result. Each domain was
evaluated independently by two reviewers and rated as low,
moderate, serious, critical, or no information. Discrepancies
were resolved by discussion and consensus. The overall risk of
bias was determined by the highest risk level in any of the seven
domains.

3 | Results
3.1 | Study Selection

Figure 1 shows the PRISMA flowchart of the literature search
and the studies selected in this systematic review. According
to the search strategy used, 9436 hits were extracted. After re-
moving duplicates (n=2926), 6510 studies were left for further
screening. 5321 records were excluded, and 1189 were sought for
retrieval. Thirteen could not be retrieved, and the corresponding
author did not reply to the article request. Out of the remaining
1176, 1057 were excluded for a variety of reasons: Development
or implementation of a methodology (112); implementation or
assessment of curriculum/program/module (46); no article for-
mat/short communications/editorials (18); no comparison be-
tween different educational methods (351); no comparison with
traditional learning methods (54); no English or Spanish (1);
non-dental students (40); Other type of interventions, such as no
inclusion of any educational methodology, no strict comparison,

or global evaluation of preferences (137); focused in preclinical/
clinical training (165); previous to year 2000 (31); sample size
smaller than 6 (1); book chapters (3); reviews (75). Grey litera-
ture was searched using Google Scholar, but no title or abstract
matched the criteria.

3.2 | Characteristics of the Included Studies
and Synthesis of the Results

One hundred and nineteen studies matched the inclusion crite-
ria and were included in the systematic review. Table 1 shows
the characteristics of the 119 studies. As shown in Table 2, 58
out of the 119 were randomised controlled trials, and the rest
responded to other types of study design. Most studies (n="76)
evaluated the knowledge acquisition of students when receiving
traditional or innovative teaching methods; seven addressed the
attitude, satisfaction, or perceptions of these methods by par-
ticipants and 36 included both the analysis of the learning out-
comes and the subjective component. As shown in the test group
category, there is a wide range of innovative teaching strategies,
the most common being FC and blended learning, self-guided
learning with or without additional material, problem-based
or case-based learning, interactive synchronous sessions and
learning based on games and different group performances in
the classroom.

Knowledge acquisition is typically assessed through a post-test
administered shortly after the intervention, meaning that the
results primarily reflect short-term acquisition of knowledge by
students. The structure of the tests varies among studies (mul-
tiple choice questions, OSCEs, written assignments, etc.). Very
few studies analyse long-term retention of knowledge, and some
take advantage of nationally regulated tests to provide reliable
results. While most studies report their findings in terms of cen-
tral tendency summaries (mean scores or mean number of cor-
rect responses in a test), many studies do not include a summary
of variability or dispersion in the data set. Moreover, most stud-
ies do not include the number of students who passed or failed
the test.

Most included articles found no differences between teaching
strategies or a statistically significant difference in favour of the
new educational technologies group, while others reported that
traditional lectures were the most effective method for knowl-
edge acquisition (Ehsan 2020; Salian et al. 2022; Alsufyani
et al. 2023). However, due to the diversity of studies and limita-
tions in the reporting of results for knowledge acquisition, only
those studies that reported mean scores and standard devia-
tions (SDs) for both the control and experimental groups, along
with the determination of the highest possible test score, were
included in the meta-analysis. Additional inclusion criteria re-
quired the presence of two independent experimental groups.
Studies in which both groups received the traditional interven-
tion, with or without the innovative format, were excluded from
the meta-analysis. Studies meeting these criteria were then cate-
gorised based on the innovative educational intervention for sub-
group analysis. Ultimately, 23 articles were included in the global
meta-analysis and were later classified into three distinct cate-
gories for subgroup analysis depending on the teaching delivery
mode and the structure of the group of students: asynchronous
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| (Continued)

TABLE 1

Aditional test group (s)

Test group

Control group

Type/

Total n/No of groups

Study design (ethics

Observation/type

Author, year

Better outcome P (sig)

Results

Metodology (final n)

Results

Methodology (final )

Methodology (final n)

Topic taught

Outcome parameter of assessment committe approval)

(country)

<0.001

2
=
=
G
<
=
g
2

Mean (SD) (Post-test; Aditi

KoPa WiFi EDU system
and a CBCT software (21)

KoPa WiFi EDU system. (21)

72.57

<

Mean (SD) (Pos

Traditional (21)

z
2
a
b4
=
El

RCT(Y)

Scor

Knowledge acquistion

Zhang 2024 (China)

S
v

Re

(3.8

WiFi+CBCTsoftw:

nal groups (KoPa

<0.0001

Test group (Flipped classroom)

=83.79 (1)

Flipped classroom (110) Mean (SD)

76.7(10.93)

Mean (SD)

&
2
a

Oral histopathology

Cohorts

Knowledge acquistion

Zhong 2023 (China)

course

comparison (Y)

<0.01

Test group (Flipped classroom)

4,599 (0.1027)

Mean (SD)

4423 (0.01366)

Mean (SD)

Questionn:

Attitude/Satisfaction/

3
v

82.94(10.76)

3
=

77.25(7.55)

Mean (SD)

2
a
g
e
z

Oral histopathology

Cohorts

Knowledg:

Zhong 2021 (China)

experiment

comparison (Y)

Abbreviations: DUS, dental undergraduate students; Max. S, maximum score; MCQ, multiple choice questions; NDE, National Dental Examination; OSCE, objective structured clinical examination; OSPE, objective structured

practical examination.

independent learning (individual online flexible learning),
(n=5 studies) (Howerton Jr et al. 2004; Maggio et al. 2012;
Nkenke et al. 2012; Moazami et al. 2014; Liao et al. 2023), syn-
chronous blended learning (in a large group with the whole
class of students) (n =28 articles) (Kavadella et al. 2012; Deepak
Nallaswamy et al. 2019; Paul et al. 2019; Isherwood et al. 2020;
Naik et al. 2022; Zhong et al. 2023; Igbal et al. 2024; Varughese
et al. 2024) and synchronous small-group learning (n="7) (Ilgiiy
et al. 2014; Echeto et al. 2015; Arias et al. 2016; Sagsoz et al. 2017;
Rekha et al. 2017; Liu et al. 2020; Guirado et al. 2023). Three
studies included in the global meta-analysis could not be strictly
included in any of these three subgroups, as the educational
strategies used—such as concept mapping, role-playing, or
a combination of synchronous and asynchronous lectures—did
not align with the predefined categories (Kasabah et al. 2016;
Messina et al. 2022; Mirzaei et al. 2024).

Student attitudes, satisfaction and perceptions towards the teach-
ing methods were primarily assessed using questionnaires, where
students rated their level of agreement with various statements on a
Likertscale. In some studies, students were asked to evaluate differ-
ent teaching strategies or indicate their preferred teaching method.
However, in many cases, these surveys were only completed
by students in the test group, which makes it challenging to con-
textualise student satisfaction across the different methods anal-
ysed. The studies included in this systematic review consistently
showed a clear preference among students for innovative teach-
ing strategies. Students often described these methods as more
engaging and noted that they enhanced their learning experience.

3.3 | Meta-Analysis

Table 2 shows the characteristics of those studies included in the
meta-analysis by subgroups. Mean scores and SDs, as well as the
maximum test score and further calculations for fair compari-
sons, are also included.

As a first step, since the maximum score varied across studies,
the mean and SD of the final test scores were standardised to
allow for a fair comparison. The following formulas were used
for normalisation:

« Normalised Mean =(Observed Mean/Maximum Score) X 100

« Normalised SD =(Observed SD/Maximum Score) X 100

A random-effects meta-analysis was conducted to provide a
more generalised estimate of the effect of innovative teaching
formats in dental education since the interventions or measured
outcomes could differ across studies.

Additionally, subgroup analyses were performed to investigate
potential differences in effectiveness based on the type of inno-
vative teaching intervention.

Figure 2 shows the forest plot for the global group and Figure 3
for the subgroup analysis.

A meta-analysis of the 23 included studies, encompassing a total
of 1074 students in the control and 1021 in the experimental

—_
=)}
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Innovative teaching method

Traditional teaching method

Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kasabah et al. (2016) 64.8 224 20 43.6 24.8 20 2.2% 21.20[6.55, 35.85] —_—
ligly et al. (2014) 72.74 2343 55 62.93 29.85 54 3.2% 9.81[-0.28, 19.90] —
Rekha et al. (2017) 66.3 18 19 48.4 1.7 19 3.4% 17.90[8.25, 27.55] —_
Moazami et al. (2014) 65.5 16.27 15 57.53 1.7 20 3.4% T7.97[-1.61,17.55) =
Kavadella et al. (2012) 81 14 24 68.6 14 24 3.8% 12.40[4.48,20.32) -
Arias et al. (2016) 89.8 22.2 66 86 24 68 3.9% 3.80[-4.02, 11.62] T

Naik et al. (2022) 81 13 20 58.2 12 20 3.9% 22.80[15.05, 30.55] -
Varughese et al. (2024) 81.1 10.8 19 63 123 19  4.0% 18.10[10.74 , 25.46] e
Mirzaei et al. (2024) 59.87 16.1 35 53.3 8.6 35 44% 6.57[052,1262] -

Liao et al. (2023) 82.2 12,5 34 71.8 127 36 4.4% 10.40[4.50, 16.30] -
Igbal et al. (2024) 67.78 13 37 49.3 13.7 39 4.5% 18.48[12.85,24.11] -
Howerton et al. (2004) 85 7 26 825 12 24 4.5% 2.50[-3.00, 8.00] -
Isherwood et al. (2020) 72.8 12.9 31 70.5 8 30 4.5% 2.30[-3.07 , 7.67] =

Paul et al. (2019) 95 5 22 521 12 23 4.6% 42.90([37.57 ,48.23] -
Guirado et al. (2023) 62.3 15 88 62.9 20 88 46% -0.60[-5.82,4.62] +
Sagsoz et al. (2017) 57.8 7.91 25 51.2 8.91 25 47% 6.60 [1.93, 11.27] -
Maggio et al. (2012) 85.9 9.4 35 79.4 121 85 49%  6.50[2.46,10.54] -
Nkenke et al. (2012) 91.5 6.5 21 93 6 21 4.9% -1.50[-5.28 , 2.28] 1

Zhong et al. (2023) 83.8 1 110 76.7 10.9 104 51%  7.10[4.17,10.03] -
Echeto et al. (2015} 76 8 78 70 9 79 5.2% 6.00 [3.34, 8.66] -
Deepak Nallaswamy et al. (2019) 75.18 55 75 65.5 4.6 75 5.3% 9.68 [8.06 , 11.30]

Messina et al. (2022) 89.86 5.2 120 85.2 7.3 120 5.3% 4.66 [3.06 , 6.26]

Liu et al. (2020) 78.5 3.2 46 743 3.1 46 5.3% 4.20[2.91,5.49]

Total (Walda) 1021 1074 100.0%  9.82[6.95, 12.69] [

Test for overall effect: Z = 6.70 (P < 0.00001) a0 20 0 0 100

Test for subgroup differences: Not applicable

Favours [control] Favours [experimental]

Heterogeneity: Tau? (DLb, 95% Cl) = 39.77 [47.35 , 180.59); Chi? = 297.46, df = 22 (P < 0.00001); I* = 93%

FIGURE2 | Forest plot for the global group. 2CI calculated by Wald-type method. ®Tau? calculated by DerSimonian and Liard method.

group (Figure 2), revealed significant differences in favour
of innovative (experimental) teaching methods (p <0.00001).
The overall mean difference was 9.82 (95% confidence interval
(CI)=6.95-12.69) with considerable heterogeneity (y>=297.46,
p<0.00001; I>=93%).

Furthermore, the subgroup analysis (Figure 3) also revealed sig-
nificantly different results depending on the innovative teaching
approach (p=0.02). Both asynchronous independent learning and
synchronous learning, either in a large group with the whole class
of students using blended learning or in small groups, resulted in
a significantly better outcome than traditional learning (overall
effect: Z=5.85; p<0.00001); however, synchronous blended
learning, including techniques like the so-called FC, showed a
significantly better outcome than the rest of the subgroups based
on the results of eight studies and 670 students summing both
cohorts (mean difference=16.59; 95% CI=9.03-24.15) with
considerable heterogeneity (y?=8.08, p=0.02; ?=75.2%).

3.4 | Quality of Evidence

The quality of evidence for the 23 studies included in the meta-
analysis is summarised in Table 3 for randomised controlled trials
and Table 4 for non-randomised studies. As shown in the tables,
although significant methodological heterogeneity was observed
across studies, only 1 randomised and 2 non-randomised studies
were classified as having a high risk of bias. The primary sources
of bias were related to randomisation and outcome measurement
(test scores) since some studies did not utilise objective, validated
assessment tools or employ blinded evaluators for scoring. Some
studies reported test scores without specifying the evaluation pro-
cess. Additionally, students are allocated into groups following an

alphabetical order in some universities, making complete rando-
misation unfeasible. As a result, those studies employing block
randomisation were categorised as having an ‘unclear’ risk of
bias in terms of randomisation.

4 | Discussion

This systematic review and meta-analysis aimed to evaluate
the effectiveness of innovative formats of learning in compari-
son with traditional formats in terms of educational outcomes
and satisfaction. Many studies met the inclusion criteria and
were included for further analysis, although with a marked
heterogeneity in study design, mostly when assessing students’
perceptions. In terms of knowledge acquisition, 23 studies
were selected for further meta-analysis. Both randomised and
non-randomised studies were combined in the meta-analysis.
Although there are differences in the methodological rigour
between randomised and non-randomised study designs, the
COVID-19 pandemic produced several non-randomised stud-
ies comparing innovative educational methods with previous
cohorts and contributing to a better understanding of the ef-
fectiveness and evolution of dental education methods when
randomisation was not feasible. This was one of the reasons
why a random-effects meta-analysis was conducted. The ap-
proach assumes that the true effect size may vary across stud-
ies and allows for the incorporation of both within-study and
between-study variance. Taken all studies together, the meta-
analysis revealed superior knowledge acquisition with inno-
vative teaching methods than traditional teaching. However,
these findings should be interpreted with caution, as none
of the included studies assessed long-term knowledge reten-
tion, an essential factor for future practising clinicians. Other

19

95UB017 SUOWIWIOD BA 11810 3|qeot dde 8y Aq peusenob e Sajoiie YO @SN JO Sa|nJ 10} ARIq1T8UIUO /8|1 UO (SUOTPUOO-PUR-SLUIBYWIOD A8 |1 Ale.d 1 jBu [Uo//Scy) SUORIPUOD pue swie 1 8y} 88S *[6202/80/82] Uo Ariqiaulluo 8|1 ‘8@ asuein|dwoD pepisieAlun - Seliy euy A 9000L BY/TTTT 0T/I0p/uoo A3 1m Aeiq1jeul|uo//sdny woiy pepeojumod ‘0 ‘T652S95T



Innovative teaching method

Traditional teaching method

Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
1.1 Asy onus independent learning

Moazami et al. (2014) 65.5 16.27 15 57.53 11.17 20 40% 7.97[-1.61,17.55] —

Liao et al. (2023) 82.2 12.5 34 71.8 12.7 36 5.0% 10.40[4.50, 16.30] -

Howerton et al. (2004) 85 7 26 82.5 12 24 5.1% 2.50[-3.00, 8.00] -

Maggio et al. (2012) 85.9 9.4 35 79.4 121 85 55% 6.50[2.46, 10.54] -

Nkenke et al. (2012) 91.5 6.5 21 93 6 21  55% -1.50[-5.28 ,2.28] g

Subtotal (Walda) 131 186 25.1% 4.71[0.14,9.28] "

Test for overall effect: Z = 2.02 (P = 0.04)

Heterogeneity: Tau? (DLb, 95% Cl) = 18.90 [1.78 , 175.46]; Chi = 14.99, df = 4 (P = 0.005); I* = 73%

1.2 Synchronous blended learning

Kavadella et al. (2012) 81 14 24 68.6
Naik et al. (2022) 81 13 20 58.2
Varughese et al. (2024) 81.1 10.8 19 63
Igbal et al. (2024) 67.78 1.3 37 49.3
Isherwood et al. (2020) 72.8 12.9 31 70.5
Paul et al. (2019) 95 5 22 52.1
Zhong et al. (2023) 83.8 1" 110 76.7
Deepak Nallaswamy et al. (2019) 75.18 5.5 75 65.5

Subtotal (Walda) 338
Test for overall effect: Z = 4.30 (P < 0.0001)

Heterogeneity: Tau® (DLP, 95% CI) = 110.12 [61.41 , 641.48]; Chi* = 175.13, df = 7 (P < 0.00001); I* = 96%

1.3 Synchronous small-group learning

ligily et al. (2014) 7274 2343 55 62.93 2
Rekha et al. (2017) 66.3 18 19 48.4

Arias et al. (2016) 89.8 222 66 86
Guirado et al. (2023) 62.3 15 88 62.9
Sagsoz et al. (2017) 57.8 7.91 25 51.2
Echeto et al. (2015) 76 8 78 70

Liu et al. (2020) 785 3.2 46 74.3
Subtotal (Walda) 377

Test for overall effect: Z = 4.18 (P < 0.0001)

Heterogeneity: Tau? (DLP, 95% Cl) = 5.21 [0.00 , >100]; Chi* = 14.30, df = 6 (P = 0.03); I* = 58%

Total (Wald?) 846

Test for overall effect: Z = 5.85 (P < 0.00001)
Test for subgroup differences: Chi? = 8.08, df = 2 (P = 0.02), I* = 75.2%

14
12
123
13.7

12
10.9
4.6

9.85
1.7
24
20
8.91

3.1

22 4.4% 12.40[4.30, 20.50] =
20 4.5% 22.80[15.05, 30.55] =
19 4.6% 18.10[10.74 , 25.46] -
39 5.1% 18.48[12.85, 24.11] e
30 5.2% 2.30[-3.07,7.67] =
23 5.2% 42.90 [37.57 , 48.23] =2

104 5.7% 7.10[4.17, 10.03] -
75 58%  9.68[8.06, 11.30] .
332 40.5% 16.59 [9.03, 24.15] ¢

54 39% 9.81[-0.28,19.90] I
19 4.0% 17.90[8.25, 27.55] —_
68 45% 3.80 [4.02,11.62] 1~
88 52% -0.60[5.82,4.62] +
25 53% 6.60[1.93,11.27] —
79  57%  6.00[3.34,8.66] .
46  59%  4.20[2.91,549] -

379 344%  5.37[2.85,7.89) ]

897 100.0% 10.07 [6.69 , 13.44] )

4100 -50 0 50 100
Favours [control] Favours [experimental]

Heterogeneity: Tau? (DLP, 95% Cl) = 50.02 [50.58 , 208.70]; Chi? = 285.78, df = 19 (P < 0.00001); I = 93%

FIGURE3 | Forest plot for the subgroup analysis. 2CI calculated by Wald-type method. PTau? calculated by DerSimonian and Liard method.

review articles in medical education have also highlighted the
lack of randomised controlled trials in this field (Considine
et al. 2021), yet they also emphasised the positive effects
of innovative teaching methods on learning ability, study
independence, decision-making skills and emotional intelli-
gence (Alizadeh et al. 2024).

One of the novelties of the present systematic review was the
incorporation of artificial intelligence for duplicate detection
and the initial stages of study screening. The use of AI-powered
tools, such as the Rayyan systematic review management plat-
form, might offer several potential advantages. It might help
researchers screen, organise and prioritise studies, reducing
the time and effort needed for manual screening. The platform
facilitates collaboration among multiple reviewers (Ouzzani
et al. 2016). However, the role of researchers remains crucial to
ensure a fair and unbiased selection of studies, ultimately lead-
ing to conclusions that are translatable to university or clinical
settings. For this reason, while the app was utilised for an initial
screening phase, more screening steps than usual systematic
reviews were added to the process to be manually performed
by more than two authors to maintain methodological rigour
and accuracy.

Regarding the methodology of individual studies included in
the systematic review, it should be emphasised that the vast
majority explore students” perceptions as well as short-term
knowledge acquisition. In fact, many studies only assessed im-
mediate knowledge right after the educational activity. Table 4
shows the time allotted to the test exam after the completion of
the activity for those studies included in the meta-analysis. This
must be considered when interpreting these findings since an
adequate methodology should be capable of providing long-term
retention. There is no consensus as to whether long-term knowl-
edge retention benefits from new educational strategies (Echeto
et al. 2015; Deepak Nallaswamy et al. 2019; Pérez-Higueras
et al. 2024) or whether there is no significant difference among
teaching methods (Llena et al. 2018; Godderidge et al. 2019; Fu
et al. 2024). The variability in results may be attributed to the
absence of standardised time frames for assessing knowledge
acquisition in the short, medium, or long term. This lack of
consensus on evaluation timelines hinders an effective compar-
ison of educational interventions.

Moreover, many educational studies do not report a minimum
set of essential statistical measures, such as summaries of cen-
tral tendency and dispersion. This inconsistency reduced the

20

International Endodontic Journal, 2025

95UB017 SUOWIWIOD BA 11810 3|qeot dde 8y Aq peusenob e Sajoiie YO @SN JO Sa|nJ 10} ARIq1T8UIUO /8|1 UO (SUOTPUOO-PUR-SLUIBYWIOD A8 |1 Ale.d 1 jBu [Uo//Scy) SUORIPUOD pue swie 1 8y} 88S *[6202/80/82] Uo Ariqiaulluo 8|1 ‘8@ asuein|dwoD pepisieAlun - Seliy euy A 9000L BY/TTTT 0T/I0p/uoo A3 1m Aeiq1jeul|uo//sdny woiy pepeojumod ‘0 ‘T652S95T



TABLE 3 | Risk of bias assessment of included randomised studies (RoB).
RISK OF BIAS ASSESSMENT - RANDOMIZED CONTROL TRIALS
sTop Randomization | Deviations from Intended Intervention | Missing Outcome Data | Measurement of the Outcome | Selection of Reported Results | OVERALL

Howerton 2004 (] (] (] [ (]

Maggio 2012 @ @ ® @ @
Moazami 2014 6 6

Nkenke 2012 [ @ @ @ @
Isherwood 2020 [ - - - -
Kavadella 2012 @ (=] @ @

Naik 2022 e e e
Varughese 2024 ® ® ® ® ®
Arias 2016 (] (] ] (] (]
Guirado 2023 (] [ (] [
Liu 2020 6 6 6 6 6 6
Rekha 2017 6 6 6 6 6 6
Sagsoz 2017 6 6 6 6 6

Kasabah 2016 @ @ @
Mirzaei 2024 (] (] (] (] (]

@ Lowrisk
Some concerns
@ High risk

number of studies eligible for inclusion in the meta-analysis.
Establishing standardised reporting guidelines could help au-
thors strengthen the rigour and comparability of educational
research by reducing the heterogeneity of study designs and
improving consistency in reported data. Ultimately, such im-
provements would facilitate more reliable evidence synthesis,
support the development of best practices in educational inter-
ventions and contribute to higher-quality research that can in-
form teaching and learning in endodontology and other health
professions.

At the same time, the self-perceived acquisition of knowledge
or self-confidence about students” performance after an educa-
tional intervention by means of a questionnaire has also been
commonly used to evaluate the effectiveness of different didac-
tic methodologies (Al-Ahmad 2010; Signori et al. 2019; Puranik
et al. 2023). Although the information obtained through this
method may provide valuable insights, it does not necessarily
reflect the actual knowledge acquisition by students but rather
their subjective perception. Nevertheless, an increase in self-
confidence among students has been associated with a more
positive attitude towards their future professional careers in
dentistry (Signori et al. 2019).

Assessing students’ attitudes, satisfaction and perceptions of di-
dactic activities is essential for enhancing educational quality.
However, considerable variability has also been observed in the
questionnaires used for this purpose. While most authors uti-
lise Likert-type scales (Kalludi et al. 2015; Ariana et al. 2016;
Gerhardt-Szep et al. 2016; Yakin and Linden 2021; Zhong
et al. 2021; Chen et al. 2025), the specific questions included
vary significantly across studies, hindering direct comparisons.

Additionally, in some cases, surveys are administered exclu-
sively to the test group (Paul et al. 2019; Tuil et al. 2023), making
it difficult to accurately assess student satisfaction with tradi-
tional educational methods. These findings highlight again the
need for a standardised methodology in designing satisfaction
and perception surveys. Establishing core aspects to assess
student perceptions and formulating uniform questions across
studies would facilitate comparability. Furthermore, adminis-
tering these surveys to all study participants, including both test
and control groups, is essential for obtaining comprehensive
insights. To address inconsistencies in survey design, guide-
lines have been proposed to enhance questionnaire quality and
ensure methodological rigour (Artino et al. 2014).

Given the large number of studies included, a subgroup meta-
analysis was also feasible. Subgroups were formed by clustering
studies that employed similar teaching strategies: asynchro-
nous independent learning, synchronous blended learning
in a large group and synchronous collaborative small-group
learning. In all three subgroups, the innovative teaching meth-
ods demonstrated superior outcomes in terms of knowledge
acquisition compared to traditional learning, with synchronous
blended learning with the whole group of students showing
a significantly better outcome than the rest of the subgroups.

Positive effects on student satisfaction have been previously
reported for synchronous blended learning. The evidence re-
garding their effectiveness in improving knowledge outcomes
had remained limited (Vanka et al. 2020) and was associated
with suboptimal utilisation of learning resources provided to
students (Mishall et al. 2025). Previous systematic reviews
and meta-analyses have also reported positive outcomes for

21

95UB017 SUOWIWIOD BA 11810 3|qeot dde 8y Aq peusenob e Sajoiie YO @SN JO Sa|nJ 10} ARIq1T8UIUO /8|1 UO (SUOTPUOO-PUR-SLUIBYWIOD A8 |1 Ale.d 1 jBu [Uo//Scy) SUORIPUOD pue swie 1 8y} 88S *[6202/80/82] Uo Ariqiaulluo 8|1 ‘8@ asuein|dwoD pepisieAlun - Seliy euy A 9000L BY/TTTT 0T/I0p/uoo A3 1m Aeiq1jeul|uo//sdny woiy pepeojumod ‘0 ‘T652S95T



Risk of bias assessment of non-randomised studies of interventions (ROBINS-I tool).

TABLE 4

Risk of bias assessment—Non-randomised studies

Selection
of reported

Deviations
from intended

Measurement

Missing

Classification of

Selection of

Overall

participants interventions intervention data of outcomes results

Confounding

Study

Moderate

Low

Moderate

Low

Low Low Moderate

Moderate

Liao 2023

Moderate

Low

Low Moderate

Low Low Low

Moderate

Deepak

Nallaswamy 2019

High

High Low Low Low Low Low

High

Igbal 2024

High

High Low Low Low Moderate Low

High

Paul 2019

Moderate

Low

Low Low

Low Low Low

Moderate

Zhong 2023

Moderate

Low

Low Moderate

Low Low Low

Moderate

Echeto 2015

Moderate

Low

Low Low

Low Low Low

Moderate

Tgiiy 2014

Moderate

Low

Low Moderate

Low Low Low

Moderate

Messina 2022

small-group learning strategies, emphasising their effec-
tiveness in enhancing student performance (Sharma et al.
2023; Zheng et al. 2023) and fostering critical thinking skills
(Sharma et al. 2023; Wei et al. 2024). TBL also enhanced team-
work skills (Zhang et al. 2024). However, several challenges
have also been identified, including limited student under-
standing of the instructional method, inconsistent levels of
participationandbarrierstoimplementation, particularlydueto
differences in student backgrounds (Lin et al. 2025).

The present meta-analysis also indicates that asynchronous
independent learning is associated with improved knowledge
acquisition compared to traditional approaches. This finding
supports that this type of flexible and accessible (Potomkova
et al. 2006; Stevenson et al. 2023) learner-centred strategies
are cost-effective while offering unrestricted access to learn-
ing materials (Kimura et al. 2023) that seem to be particularly
engaging if images, videos, or interactive formats are included
(Twenge 2009). However, while asynchronous learning pro-
motes autonomy, it also requires students to demonstrate self-
regulation and time management skills (Kimura et al. 2023).
These demands are particularly relevant in professional
training contexts, where maintaining engagement and mo-
tivation remains essential. Therefore, when implementing
asynchronous formats, educators should consider incorpo-
rating structured guidance and opportunities for interaction
to compensate for potential drawbacks related to the reduced
social connection and support that exist in face-to-face in-
teractions (Sharmin and Chow 2022). Other strategies also
showed benefits in the present meta-analysis. As an example,
game-based learning seems to facilitate the learning process
(Sagsoz et al. 2017; Khorasanchi et al. 2024) by improving
motivation, satisfaction and collaboration among students
(Felszeghy et al. 2019).

Despite the demonstrated benefits of several innovative teaching
formats, future research should prioritise the design of studies
with robust methodologies, reliable assessments and long-term
follow-ups in dentistry (Zaror et al. 2021). While some innova-
tive didactic formats seem promising, careful consideration of
their implementation and continuous evaluation are crucial for
ensuring their effectiveness in dental education. Further well-
designed, randomised controlled trials are needed to provide a
more comprehensive understanding of the long-term impact of
these methods on student outcomes.

Asapractical application of the findings from this meta-analysis,
the structured integration of innovative teaching strategies such
as small-group learning, blended instruction and asynchronous
formats is recommended to improve knowledge acquisition and
learner engagement. However, the adoption of these methods
must be accompanied by strategic institutional support. Some
approaches often require higher professor-to-student ratios, in-
creased preparation time for faculty and ongoing professional
development to ensure educators are well equipped to design
and deliver effective learner-centred strategies. In addition,
strategies like small-group learning and team-based activities
may require expanded physical spaces to support collaborative
learning environments. Aligning curricular innovation with ap-
propriate resources and faculty support is therefore essential to
ensure effective implementation.

\S]
\S]
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5 | Conclusions

This meta-analysis evaluated the effectiveness of innovative di-
dactic methods compared to traditional teaching approaches in
dental education. The overall findings indicate that innovative
strategies lead to superior knowledge acquisition in comparison
with traditional methods. Subgroup analyses further revealed
that both asynchronous independent learning and synchronous
learning formats, whether implemented in large-group settings
viablended approachesorinsmall-group environments, are more
effective than traditional instruction. Among these, synchro-
nous blended learning, including models such as the FC, yields
themostfavourable outcome. However, the quality oftheincluded
studies varied, with some facing methodological challenges
such as lack of blinding and inconsistent outcome measure-
ment, which can impact the generalisability of the findings.
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