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This study evaluates the impact of video-based approaches on health education. PUBMED, Web

of Science, EMBASE, CENTRAL, and LILACS databases were searched from their inception until
November 2022. Randomised controlled trials (RCTs) and non-randomized studies on interventions
were included in this review. Studies were grouped according to their reported learning outcomes.

A random effects meta-analysis was performed. Meta-regression analyses were used to explore the
effects of confounding variables on the overall estimates. Forty studies were included in this meta-
analysis. The results showed that video-based learning (VBL) has a significant effect on *knowledge
acquisition’ in dentistry (Cohen’s d =2.18), moderate effect in medicine (Cohen’s d =0.67); moderate
effect on 'skills development’ in medicine (Cohen’s d =0.76) and nursing (Cohen’s d = 0.59); overall
moderate effect on ‘attitude’ (Cohen’s d =0.74). Egger’s test was performed to assess potential
publication bias. VBL offers a valuable educational tool for knowledge acquisition, skill development,
and attitude changes in health education. The theoretical and practical implications of these findings
are also discussed. To strengthen the evidence base, future research should address the limitations
found, such as the high risk of bias (RoB), and employ rigorous study designs when investigating the
role of multimedia learning in various academic disciplines.
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Background

Video-based learning (VBL) has emerged as a powerful tool in education, providing a dynamic and engaging
medium for delivering content!. As its popularity grows, it is important to understand what VBL is and to
explore its potential applications in specific areas, such as health education?. VBL refers to the knowledge or
skills acquired through teaching via Video®. This involves the use of videos to convey information, demonstrate
concepts, and engage learners in a multimedia format*. Video-based approaches encompass a variety of methods
and strategies used to enhance students’ engagement and learning through video, which is particularly useful
in areas that involve practical skills such as health education®”’. This approach promotes critical thinking,
dialogue, and peer-to-peer learning®!°. In addition to being learner-centred, VBL approaches offer several
benefits, including increased engagement, accessibility and flexibility in learning!"!2. These approaches cater
to different learning preferences and can be accessed anytime and anywhere, making them valuable tools for
modern education and training.

In the realm of educational psychology, the Cognitive Theory of Multimedia Learning posits that the use
of multimedia, such as video, can enhance learning by engaging multiple sensory channels, thereby improving
knowledge retention and comprehension'®. When applied to health education, this theory suggests that the
combination of visual and auditory elements in VBL can facilitate a deeper understanding of complex medical
concepts, thereby fostering more effective knowledge acquisition. Furthermore, the Theory of Experiential
Learning aligns with VBLs capacity to bridge theoretical knowledge and practical application. This theory,
developed by David Kolb, underscores the importance of hands-on, experiential learning. VBL allows students
to witness medical procedures and clinical practices through video, providing them with a virtual firsthand
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experience. By engaging learners in practical scenarios, VBL can encourage the application of knowledge in
real-world health settings'*.

In health education, VBL holds great promise for improving knowledge acquisition and skill development. By
harnessing the visual and auditory elements of video, health professionals and students can access a wide range
of educational resources'®. By demonstrating medical procedures and techniques to present complex concepts
in a simplified manner, videos can potentially bridge the gap between theory and practice in health education'.

In the domains of psychology and social sciences, Attitude Change Theories play a significant role in
understanding how individuals’ attitudes, beliefs, and behaviors can be influenced through persuasive
communication and observational learning. For example, the Elaboration Likelihood Model'’, emphasizes the
central and peripheral routes to persuasion. When applied to health education, this theory can help us assess how
video-based messaging influences the cognitive processing of health information, potentially leading to attitude
changes and informed decision-making. The Social Cognitive Theory'® focuses on observational learning and
the influence of role models on learning. In the context of health education, this theory suggests that VBL can
offer students the opportunity to observe and learn from experts and role models in the medical field, potentially
affecting their attitudes, self-efficacy, and motivation.

The impact and effectiveness of VBL in health education has been the focused of several randomized trials.
An opportunity emerges to comprehensively assess the existing evidence in this regard, providing useful
and focused information on the benefits, challenges, and outcomes associated with VBL in health education.
Such evidence-based synthesis may provide relevant insights into instructional design strategies, curriculum
development, and the integration of technology into health education programmes®!'*2

Herein, we report the results of a systematic review of the impact of VBL on several educational outcomes
compared to non-VBL approaches. Our primary research question, structured as a PICO framework, was as
follows: “Among students majoring in health education (Population), does the utilization of a VBL approach
(Intervention) yield superior learning outcomes when compared to non-VBL approaches (Comparator)?” The
outcomes of interest encompass various aspects of learning outcomes (Outcomes).

The significance of this study is multi-faceted. It serves as a response to the pressing need for evidence-
based guidance in the utilization of video-based learning (VBL) in health education. Although VBL has gained
recognition as a valuable tool, its specific impact on learning outcomes remains an area of uncertainty. By
systematically analyzing a wide range of studies, our meta-analysis sought to consolidate and clarify the often
mixed findings in the VBL literature. This study was designed to bridge gaps in our current understanding,
offering a comprehensive view of VBLs effectiveness in health education. It addresses the need for practical
insights that can influence instructional design, curriculum development, and the integration of technology into
health education programs.

This research contributes to the advancement of knowledge in this field and provides the basis for informed
decision-making in educational practice and healthcare delivery. In addition, the reported findings can guide
policymakers, educators, and practitioners in adopting evidence-based approaches to enhance the learning

experience and improve health outcomes?!.

Methods and findings

This systematic review protocol was previously determined by all the authors and was registered at the National
Institute for Health Research PROSPERO, International Prospective Register of Systematic Reviews (http://
www.crd.york.ac.uk/PROSPERO, ID Number: CRD42021230675). The review design followed the Cochrane
Handbook of Systematic Reviews of Interventions?? and was reported in accordance with the updated Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)?. The PRISMA checklist is provided as
a supplemental file (Table S1).

Type of studies, type of intervention, and inclusion criteria

The types of studies considered for inclusion in this research encompassed both randomised controlled
trials (RCTs) and non-randomized studies of intervention. RCTs are widely recognized as the gold standard
for evaluating the effectiveness of interventions, as they involve randomly assigning participants to either an
intervention or a control group. On the other hand, non-randomized studies of intervention, employ alternative
methodologies that do not involve randomization, such as quasi-experimental designs or observational studies.
By including both types of studies, we aimed to comprehensively evaluate the effectiveness of video-based
learning approaches using various research designs.

This study focused on video-based learning approaches. These approaches involve the use of videos as
educational tools to deliver instructional content or to facilitate learning experiences.

To ensure that the selected studies were relevant to our research objectives, we applied specific inclusion
criteria. Studies had to: (1) report on interventional approaches using VBL; (2) be a controlled study of
intervention, enabling a comparison of VBL vs. non-VBL; (3) include a baseline analysis, which would
provide essential information on the participants’ characteristics and establish a starting point for assessing
the intervention’s effects; (4) report learning outcomes measures, to allow estimation of effect size; and (5) be
publicly available through the library archive.

In case of additional data clarifications, the corresponding author of the included study was contacted via
e-mail, and if unsuccessful, one week later.

Primary and secondary outcomes

The primary outcome of this systematic review was the impact of VBL on knowledge acquisition in health
education. The secondary outcomes include the usefulness of VBL, skills development, knowledge application,
attitude, anxiety and motivation in the same setting.
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Information sources search

The search strategy sought to identify all studies reporting the impact of VBL approaches in health education
that were conducted and published until November 2022. By setting this time limit, we ensured that the review
captured the most recent evidence in the field.

Detailed search strategies were conducted without language restrictions using the following electronic
databases: PubMed, Web of Science, LILACS (Latin-American scientific literature in health sciences), Embase
and the Cochrane Central Register of Controlled Trials (CENTRAL). The search algorithm, developed using
keywords and the Medical Subject Headings (MeSHs), was: (video OR “video learning” OR “e-learning” OR
“educational video” OR “online lectures” OR multimedia) AND student®* AND (health OR medic* OR dent*
OR nurs*) AND (education[MeSH] OR teaching[MeSH]) AND (results OR test OR grades OR marks OR
“examination results” OR assessment OR “academic performance” OR “academic achievement” OR “educational
outcomes”) AND (randomised OR randomized OR randomly OR trial). For the remaining databases the search
was adapted accordingly. In addition, a grey literature search was conducted to ensure comprehensive coverage
of the available evidence. Resources listed on the NIH Library’s systematic review services page, which provides
access to databases and tools designed to capture grey literature, including unpublished studies, conference
proceedings and other non-traditional published materials, were used. The grey literature search also included
OpenGrey, a dedicated repository for grey literature in Europe.

By including grey literature in the search strategy, this systematic review aimed to minimise publication bias
and capture a wide range of evidence, including sources not typically indexed in standard databases.

Study selection

Two researchers independently selected the relevant articles by screening all the titles and abstracts, excluding
irrelevant studies. Any paper classified as potentially eligible by either reviewer was appraised by a full-text
reading, and the reasons for exclusion were fully detailed. Each study was excluded based on one or more of
the following criteria: studies that did not report on the specific learning outcomes we were investigating were
excluded due to lack of outcomes of interest; studies with designs that did not meet the methodological standards
for our review, such as literature and systematic reviews (as these were deemed to have inappropriate designs);
studies that did not provide baseline measurements, making it impossible to assess changes over time or the
impact of the intervention were excluded due to lack of baseline data; studies that combined VBL approaches
with other educational interventions, making it difficult to isolate the effects of VBL; studies that lacked an
independent control group against which to compare the effects of the VBL intervention; studies for which
the full text was not accessible, preventing thorough analysis and extraction of relevant data; and studies that
reported results in a way that was unsuitable for data extraction and synthesis in our review. These exclusion
criteria ensured that we maintained a high standard of methodological rigour and relevance, focusing on studies
that could reliably contribute to answering our research question about the effectiveness of VBL approaches in
health education. Any disagreement was resolved through discussion with a third reviewer, and a decision was
arrived at by consensus.

Data extraction process and data items

The studies that fulfilled the inclusion criteria were organized into evidence tables describing the characteristics
and results of each study, including study identification (i.e., first author’s name and publication year), country
of origin of the research, country coordinates, inclusion and exclusion criteria, characteristics and number of
participants, and outcome measures. We later added the methodological risk of bias of the study (detailed in 2.6
Risk of Bias assessment). All disagreements were resolved by discussion with a third reviewer.

Field of study, intervention and control type, outcomes and type of assessment

This section provides a comprehensive overview of the different components and methods used in the study.
It explains the types of intervention and control (Tables 1 and 2 respectively), outcomes (Table 3) and types of
evaluation (Table 4) used to investigate the research objectives.

Risk of bias assessment

The methodological quality of the included studies was assessed by two independent reviewers using the Cochrane
risk-of-bias tool for randomised trials (RoB 2)*, since all of the included studies were RCTs. Disagreements were
resolved by discussion with a third reviewer.

The RoB 2 tool is designed to assess the methodological quality and potential sources of bias in individual
trials. The RoB 2 tool consists of five domains, each of which assesses specific aspects of study design and
conduct, namely the randomisation process (considering whether the allocation sequence was truly random,
concealed and correctly implemented, minimising selection bias); deviation from intended interventions
(considering whether any deviations from the planned protocol may have introduced bias); missing outcome
data (considering the methods used to measure the outcomes of interest, assessing the impact of missing data
on the study results and the potential for bias); measurement of the outcome (considering the validity, reliability
and precision of the outcome measures used, and the potential for bias in their assessment); and selection of the
reported outcome (considering the potential for selective reporting of outcomes that may introduce bias and
distort the overall results)*®.

Each item in the RoB 2 tool was assessed independently, and a judgement of low risk of bias, some concern,
or high risk of bias was made for each domain.

The overall risk of bias in a study was determined using the following criteria: a study was considered to have
a low risk of bias if it was methodologically sound and credible in all domains for a given outcome. If a study
raises some concerns in at least one domain for a particular outcome but does not meet the criteria for high risk
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Video lecture

Presentation of the video-recording of a live lecture in another group of students 2

Video instruction

Use of technology to capture scenarios and videos of teacher instruction that students can use to analyze and reflect upon instruction

Video simulation

Use of interactive videos to mimic the reality of a clinical environment or situation 2°

Video demonstration

Filmed video clip of a process or skill being performed for observation and review ¥

I i X X - -
t;lltoeerventlon Video assessment Assessment through video-recording of a performed process or skill
Video feedback Information regarding learners’ performance or understanding delivered through video clips 2
Case-based Video Video-recording of real-life cases and discussion
Serious game Video games aimed toward problem-solving rather than entertainment 2
Video medical device | Video instrument intended to be used on human beings for medical purposes
Table 1. Intervention group definitions. Definitions for different types of interventions used in the included
studies. Each intervention type is described along with its respective explanation.
Live lecture Face-to-face lecture facilitated by a faculty 2
Face-to-face Instruction Instruction that happens in a physical classroom *
Live simulation Process by which there is an attempt to achieve results approximating clinical practice as closely as possible 3!
Live demonstration Process or skill being performed face-to-face for observation and review
Live assessment In-person assessment of a performed process or skill
Control type - - - . - P -
Live feedback In-person information communicated to the learner that is intended to modify their thinking or behavior for
the purpose of improving learning >
Live case discussion Narration of real-life cases ** and discussion
Handout instruction Instruction from a written handout 3
. . ) Standard instrument intended to be used on human beings for medical purposes - adapted for educational
Conventional medical device 35
purposes
Table 2. Control Group definitions. Definitions for different types of controls used in the included studies.
Each control type is described along with its respective explanation.
Knowledge Process by which the mind decodes or extracts, stores, and relates new information to existing information 36, Knowledge acquisition
acquisition methods and techniques present various forms *’.
Usefulness Student feedback pertaining to the perceived usefulness of the applied instrument. Usually obtained through a self-perception rating *
Ability and capacity acquired through deliberate, systematic, and sustained effort to smoothly and adaptively carryout complex activities
Skills development | or job functions involving ideas (cognitive skills), things (technical skills), and/or people (interpersonal skills) 3*, whose recognition,
practice, and internalization aims towards improved execution *’
Outcomes f&ﬁ;’gﬁ?ﬁ; Available knowledge used to make decisions and perform tasks through direction and routines *'
Learned tendency or readiness to evaluate things or react to some ideas, persons or situations in certain ways, either consciously or
Attitudes unconsciously *?, particularly in the domains of teamwork, roles and responsibilities, patient-centeredness, interprofessional biases,
diversity and ethics; and community-centeredness 43
Anxiet An individual’s emotional state, whether temporary or prolonged, is marked by conscious subjective feelings of tension or apprehension,
Y accompanied by heightened activity of the autonomous nervous system **
Motivation The driving forces that empower students to learn effectively can originate from either internal (intrinsic) or external (extrinsic) sources *°

Table 3. Definition of outcomes. Definitions for different types of outcomes used in the included studies. Each
outcome type is described along with its respective explanation.

Type of assesment | Test

Questionnaire | Compilation of questions or items with predetermined answer options

ChecKklist Tool that outlines specific criteria that participants should exhibit to demonstrate successful learning from training

Written examination, typically divided into multiple sections, each addressing different aspects of the subject
matter being assessed, to evaluate students’ knowledge and understanding

Scale System for ordering test responses in a progressive series, so as to measure a trait, ability, attitude, or the like 47

Time Timeframe for completing a specific task

Table 4. Definition of assesments. Definitions for different types of assessment used in the included studies.
Each assessment type is described along with its respective explanation.
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of bias in any domain, it is classified as having some concerns. However, a study is considered to have a high risk
of bias if it has significant methodological flaws or limitations in at least one domain for a particular outcome.
This finding indicates the presence of significant biases that may substantially reduce confidence in the study’s
findings and affect the reliability and trustworthiness of the results?®.

Statistical analysis

The extracted data was organized into evidence tables. Because of the existence of learning outcome measures
we could not assume the existence of a true effect size, thus we employed a random effects model®’, as previously
described®. All random-effects meta-analysis and forest plots were performed in R version 3.4.1 using ‘meta’
package™. The percentage of total variability due to between-study heterogeneity was explored using the I?
index and Cochrane’s Q statistic (p <0.1), and ¥ test for the overall homogeneity®’. Substantial between-study
heterogeneity was defined as I> > 50%. All tests were two-tailed, with an alpha value set at 0.05 (5%).

We conducted a series of a priori sensitivity analyses to examine the effect of the risk of bias on overall
estimates. Meta-regression was used to explore the adjusting effects of particular confounding variables on the
learning outcomes, particularly time of intervention, latitude, longitude and study sample size.

Whenever the number of included trials prevented conducting meta-analyses, we employed the synthesis
without meta-analysis (SWiM) in systematic reviews guideline®!.

Findings

Study selection

The electronic searches resulted in a total of 4,035 records (1,134 from PubMed, 1,204 from CENTRAL, 1,077
from Embase and 620 from Web of Science) (Figure S1). After removing duplicates, 1,957 articles were excluded
based on the title/ abstract assessment and 30 articles could not be accessed through the library. Of the remaining
articles, 283 articles were excluded from the full-text appraisal, because they did not meet the inclusion criteria
(with the respective reason detailed in Table S2). Finally, a total of 40 articles*®*2-0 were included in the
qualitative and quantitative analyses of the present systematic review.

Study characteristics
Studies from 23 different countries in Asia, America, Europe, Australia and Africa were included (Table 5).
Europe accounts for the majority of included studies with 37.5% of the total, with the United Kingdom (n=4)
and Germany (n=3) being prominent contributors. Asia follows with 27.5%, with Iran (n = 3) being the most
prominent contributor. North America accounts for 22.5%, mainly represented by the United States (1n=8).
Oceania and South America contribute 7.5% and 5.0% respectively, with Australia (n = 3) and Brazil (n =
2) being prominent contributors.

The classification shown in Table 6 highlights the economic diversity of the countries included in the
systematic review and provides valuable insights into the study characteristics within different economic

Continent % Included Studies per Continent | No. Included Studies per Continent | Country No. Included Studies per Country
Denmark 1
Finland 1
France 1
Germany 3
Ireland 1
Europe 37.5 15 Poland ]
Spain 1
Sweden 1
Turkey 1
United Kingdom 4
China 1
India 1
Iran 3
Korea 1
Asia 27.5 11 Malaysia 1
Myanmar 1
Saudi Arabia 1
Singapore 1
Sri Lanka 1
North America | 22.5 9 Canada !
United States of America | 8
Oceania 7.5 3 Australia 3
South America | 5.0 2 Brazil 2

Table 5. Geographical distribution of included studies.
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Economic Classification Abreviation | % Included studies per Country Economic Classification | No. Included studies per Country Economic Classification
High Income Country HIC 72.5 29
Upper Middle-Income country | UMIC 125 5
Lower Middle-Income Country | LMIC 15.0 6

Table 6. Economic distribution of included studies.

No. Studies
included
% Studies included per No. Studies included per per Sub-
Participants’ Background | Participant’s Background | Participant’s Background | Studies’ Sub-Domain Domain
Clinical Practice 6
Emergency Medicine 2
Evidence-based Medicine | 1
Human Anatomy 1
Internal Medicine 1
Otolaryngolo, 1
Medicine 62.5 25 yngorosy
Pediatrics 1
Pharmacology 1
Plastic Surgery 1
Psychiatry 1
Surgery 7
Urology 2
Blood Transfusion 1
Clinical Practice 5
Nursing 20.0 8
Orthopedic Surgery 1
Surgery 1
Clinical Practice 1
Ergonomics 1
Dentistry 10.0 4
Oral Cancer 1
Restorative Dentistry 1
Medicine/Nursing 2.5 1 Emergency Medicine 1
Psychology 2.5 1 Neurogenerative Diseases | 1
Veterinary Medicine 2.5 1 Anaesthesia 1
100% 40 40

Table 7. Distribution of included studies based on participants’ backgrounds and their respective sub-
domains.

contexts. High-income countries (HIC) have a significant presence, accounting for 72.5% of the total number of
studies (n=29). Upper middle income countries (UMIC) contribute 12.5% with 5 studies, while lower middle
income countries (LMIC) account for 15.0% with a total of 6 studies included.

When categorising the background of the participants (Table 7), medicine dominates (62.5%; n = 25),
focusing on different sub-domains such as surgery (n = 7), clinical practice (n = 6) and emergency medicine (n
= 2) . Nursing contributes 20.0% (n = 8), mainly in clinical practice. Dentistry, at 10.0% (n = 4), covers areas
such as clinical practice (n = 1), ergonomics (n = 1), oral cancer (n = 1) and restorative dentistry (n = 1). The
combined field of medicine/nursing accounts for 2.5%, with an emphasis on emergency medicine. Psychology
and Veterinary Medicine each contribute 2.5%, exploring neurogenerative diseases and anaesthesia respectively.
This diverse distribution of participants’ backgrounds underlines the comprehensive nature of the systematic
review, covering different areas of health services research. Among the 40 included studies, there is a notable
focus on practice areas, particularly clinical practice (30.0%; n=12) and surgery (20.0%; n=38).

Table 8 shows the distribution of studies according to the course stage of the participants. The majority
of studies, 42.2%, involve participants in the preclinical stage, emphasizing basic education and early clinical
exposure (1 = 19). The basic course stage accounts for 20.0%, highlighting the importance of basic knowledge (n
=9). Participants in the clinical phase account for 24.4%, indicating active engagement in clinical training and
practice (n = 11). Postgraduate studies account for 4.4%, demonstrating a focus on advanced training and
specialisation (n = 2). Notably, 8.9% of the studies do not specify the course stage of the participants, adding
variability to the dataset (n = 4). Some studies were conducted at several levels of study.

The distribution of participants’ year of study is characterised in Table 9. Second year participants have the
highest representation with 23.2% of the included studies, followed by first year participants with 17.9%. The
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Participants’ Course Stage | % Studies included per Participant’s Course Stage | No. Studies included per Participant’s Course Stage
Basic 20.0 9
Pre-Clinical 422 19
Clinical 244 11
Post-Graduate 4.4 2
Not mentioned 8.9 4

Table 8. Distribution of included studies based on participants’ course stages.

Participants’ year of study | % Studies included per Participant’s Year of Study | No. Studies included per Participant’s Year of Study
First year 17.9 10
Second year 232 13
Third year 16.1 9
Forth year 14.3 8
Fifth year 7.1 4
Sixth year 7.1 4
Residents 1.79% 1
Not mentioned 12.5 7

Table 9. Distribution of included studies based on participants’ year of study.

distribution gradually decreases for subsequent years, with the third, fourth, fifth and sixth years representing
16.1%, 14.3%, 7.1% and 7.1% respectively. Residents make a minimal contribution of 1.8%. It is noteworthy that
12.5% of the studies do not specify the year of study of the participants.

Risk of bias

Thirty studies were considered to have a moderate risk of bias
were considered to have a low risk of bias>%6¢6877:82 whijle 5 studies®®%%7>7>8 were considered to have a high risk
of bias (Figure S2 and Figure S3). The majority of studies had shortcomings mainly in the area of randomization
process, which accounted for 57.5% (n=23) of the included studies. In addition, deviations from the intended
interventions accounted for 47.5% (n=19) of the studies. On the other hand, failures in the domain of missing
outcome data were relatively low, accounting for 30.0% (n=12), and failures in the domain of outcome
measurement accounted for 40.0% (n=16). Overall, a suboptimal risk of bias was found in 57.5% (n=23) of
the included studies. Inter-observer reliability in risk of bias assessment was considered excellent (k score =0.87,
95% CI: 0.61-1.00).

38,52-55,57,59,61-65,67,69-72,74,76,78-81,81,83-88,90 :
. 5 studies

Pooled estimates

We began our analysis by exploring the impact of the methodological quality in the overall pooling estimates.
Overall, low risk trials (Effect size [ES]=1.20, 95% CI: 0.69-1.71; I?=99.9%) reported significantly lower
difference (p=0.0379) compared to moderate (Effect size [ES] =0.48, 95% CI: 0.21-0.75; I*=0.0%) and high risk
studies (Effect size [ES] =1.02, 95% CI: -0.01-2.05; I>=96.7%). Following the Cochrane Handbook instructions,
we decided to report data as overall (that is, including all studies regardless of the methodological quality) and
results stratified by risk of bias level®!.

In addition, we assessed whether sample size could influence the overall results through meta-regression, yet
we observed no significance on this association (estimate = -0.00, SE=0.00, p=0.281).

Overall, seven outcomes were reported among the included trials: ‘Knowledge Acquisition’ (n=20), ‘Skills
Development’ (n=16), Attitude’ (n=9)3%5256:57,59.62,65-70.75,78,79,81-84,87,89.902] A nxjety’ (n=3)’*5%03, ‘Motivation’
(n=2)8%, ‘Knowledge Application’ (n=1)% and ‘Usefulness’ (n=1)%%. Two studies reported data for 3
outcomes®*#2, while eight studies reported data for 2 outcomes®>>%6>67:687087.89 "We report estimates based on
analyses including more than 3 studies. The remaining outcomes were narratively described as per the SWiM
guideline’!.

Knowledge acquisition
The test results examined the effect of VBL on the ‘Knowledge Acquisition’ outcome in several areas: dentistry,
medicine, nursing, psychology, and a combination of medicine and nursing (Table 10). Overall, VBL appeared to
be effective in dentistry and medicine, but further research is needed for nursing, psychology and the combined
domain of medicine/nursing. Due to the small sample sizes in dentistry (n = 3) and nursing (n = 3), cautious
interpretation is warranted, highlighting the need for further research to determine the true effectiveness of
video-based learning in these fields.

Egger’s test was performed to assess potential publication bias concerning ‘Knowledge Acquisition” outcome.
The ‘Overall RoB’ results of Egger’s test showed a statistically significant asymmetry in the funnel plot (Egger’s
test estimate = -18.57, SE=4.91, p=0.0014). This indicates strong evidence of publication bias, suggesting that
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Egger test
n | Cohen’sd | 95%-CI (p-value) |12 T 12 (%) | (estimate; SE; p-value)
OVERALL 20 | 1.44 0.55; 2.33 (0.0014) | 3.47 1.86 99.8% | -18.57;4.91;0.0014
RoB
Low 2 1084 0.01; 1.67 (-) 0 0 0.0 -
Some concerns | 16 | 1.56 0.51;2.60 (0.0244) | 4.10 2.03 99.8 -6.46; 5.21; 0.2233
High 2 1.03 0.64; 1.43 (-) 0 0 0.0
Egger test
Area n | Cohen’sd | 95%-CI (p-value) | 1> T 12 (%) | (estimate; SE; p-value)
Dentistry 3 21830 2.0146; 2.3515 (-) <0.0001 | 0.0008 |7.1% |-
Medicine 12 | 0.6748 0.3671; 0.1191 0.3451 |51.0% | 1.23;0.34;0.0011
: 0.9825 (0.0011) : : ) e
Nursing 3 109910 -0.3182;2.3003 (-) | 0.9021 0.9498 | 90.3%
Psychology 1 - -
Medicine/ 1 :
Nursing

Table 10. Meta-analysis results of VBL on ‘Knowledge Acquisition’ in several areas. Significant values are
denoted in bold (p < 0.05).

Egger test
n | Cohen’sd | 95%-CI (p-value) 2 |t 12 (%) | (estimate; SE; p-value)
OVERALL 16 | 0.81 0.39; 1.24 (0.0002) 0.23 | 0.48 | 17.7 0.44; 0.31; 0.1799
RoB
Low 1 |- - - - - -
Some concerns | 13 | 0.84 0.36; 1.32 (< 0.0001) | 0.28 | 0.53 | 32.6 1.73; 0.97; 0.1025
High 2 043 -1.37;2.23 (-) 0 0 0.0 -
Egger test
Area n | Cohen’sd | 95%-CI (p-value) 2 |t 12 (%) | (estimate; SE; p-value)
Dentistry 1 |- - - - - -
Medicine 11 | 0.76 0.15; 1.34 (0.0155) 0.35 | 0.60 | 25.0 2.08; 1.74; 0.2628
Nursing 4 1059 0.45; 0.72 (<0.001) 0 0 0.0 -

Table 11. Meta-analysis results of VBL on ‘Skills Development” in several areas. Significant values are denoted
in bold (p < 0.05).

smaller studies with more significant results may be over-represented in the meta-analysis. When analysing
the studies classified as having “Some concerns” RoB, the results of the Egger’s test showed a non-significant
association between effect size and its standard error (Egger’s test estimate = -6.46, SE=5.21, p=0.2233). The
non-significant p-value suggests that there is no strong evidence of publication bias in the meta-analysis. When
the studies in the ‘Medicine’ area were analysed for publication bias, the results of the Egger’s test showed a
statistically significant association between the effect size and its standard error (Egger’s test estimate=1.23,
SE=0.34, p=0.0011), indicating strong evidence of publication bias.

Skills development
The test results examined the effect of VBL on the ‘Skills Development’ outcome in several areas: dentistry,
medicine, nursing, psychology, and a combination of medicine and nursing (Table 11).

VBL had a moderately high effect on ‘Skills Development’ in medicine with a Cohen’s d of 0.76, close to
the 0.8 threshold. The 95% CI indicated that the true effect size is likely to fall between 0.15 and 1.34 with 95%
confidence. There was a moderate level of heterogeneity (t>=0.35) among the studies in medicine, suggesting
some variability in the effect of VBL on ‘Skills Development’ across the included studies. In nursing, VBL also
had a moderate effect on ‘Skills Development, with a Cohen’s d of 0.59. Notably, there was no heterogeneity
(t2=0) among the studies in nursing, indicating consistent results across the included studies.

The findings suggest that VBL has a positive impact on ‘Skills Development’ in both medicine and nursing,
with moderate effect sizes observed in both areas. However, it is important to interpret the results with
caution, especially in dentistry where only one study was included in this systematic review. In medicine, the
moderate heterogeneity indicates some variation in the effect across the studies, and in nursing, the absence of
heterogeneity suggests more consistent findings. Further research is warranted to explore the factors contributing
to heterogeneity and to identify effective video-based learning approaches tailored to each healthcare discipline.
Due to the small sample sizes in dentistry and nursing, cautious interpretation is warranted, highlighting the
need for further research to determine the true effectiveness of video-based learning in these fields.
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Egger’s test was performed to assess potential publication bias concerning ‘Skills Development’ outcome. The
‘Overall RoB’ results of Egger’s test showed no significant evidence of publication bias in the analysis of the effect
of video-based learning on ‘Skills Development’ across the areas of dentistry, medicine, nursing, psychology, and
the combination of medicine and nursing (Egger’s test estimate=0.44, SE=0.31, p=0.1799). When analysing
the studies classified as having “Some concerns” RoB, the results of the Egger’s test showed a non-significant
association between effect size and its standard error (Egger’s test estimate=1.73, SE=0.97, p=0.1025). When
the studies in the ‘Medicine” area were analysed for publication bias, the results of the Egger’s test showed no
significant evidence of publication bias (Egger’s test estimate =2.08, SE=1.74, p=0.2628).

Attitude
The test results examined the effect of VBL on the ‘Attitude’ outcome in several areas: dentistry, medicine,
nursing, psychology, and a combination of medicine and nursing (Table 12). Video-based learning had an
overall positive effect, with a moderate effect size (Cohen’s d=0.74), high heterogeneity (t?=0.57, >=97.0%)
and a narrow confidence interval [0.20, 1.27]. Specifically, in dentistry and medicine the effect considered null
due to its confidence interval of [-0.34, 0.94] and [-0.10, 0.82], respectively, despite observing a a small effect size
in dentistry (Cohen’s d=0.30) and medicine (Cohen’s d=0.35). No heterogeneity was found across the studies in
dentistry (12=0, 2=0.0%), suggesting consistent results among the included studies, while there was moderate
heterogeneity across the studies in medicine, (t2=0.22, 12=78.2%), suggesting some variation in the effect of
VBL on ‘Attitude’ among the included studies. The results imply that VBL can positively influence “Attitude” in
health education, without being specifically attributable to a particular area. While dentistry showed consistent
results, medicine exhibited some variability across the studies. Further research and larger sample sizes may help
provide a more comprehensive understanding of the effect of video-based learning on ‘Skills Development’ in
these areas.

Given the low number of studies reporting ‘Attitude, the Egger’s test was not performed to assess potential
publication bias.

Additional analysis
We conducted a series of moderation analyses to explore possible sources of heterogeneity (Table 13).

For all three outcomes (‘Knowledge Acquisition;, ‘Skills Development, and ‘Attitude’), none of the independent
variables (‘Total number of participants, ‘Time Span of Intervention, ‘Latitude’ and ‘Longitude’) showed
statistically significant associations (i.e., p-values less than 0.05). This means that the included independent
variables did not significantly explain the heterogeneity observed in the outcomes of the studies.

For ‘Knowledge Acquisition, the meta regression analysis on the total number of participants (1) yielded
a nonsignificant effect (p=0.267), indicating that the sample size did not significantly influence the observed
effect size for this outcome. This suggests that the impact of VBL on ‘Knowledge Acquisition’ remains consistent
across studies of varying sample sizes. The duration of the VBL intervention (Time of Intervention) also showed
anonsignificant effect (p =0.879), suggesting that the duration of the intervention did not significantly affect this
outcome. Geographical factors, such as latitude and longitude, also showed no significant impact on ‘Knowledge
Acquisition’ (p=0.208 and p =0.284, respectively).

Similarly, in the analysis of ‘Skills Development, the meta-regression results mirrored those for ‘Knowledge
Acquisition, with nonsignificant effects observed for n (p=0.198), t (p=0.968), Latitude (p=0.897), and
Longitude (p=0.504). This implies that these factors did not significantly contribute to the variation in the effect
sizes related to skills development through VBL.

In the case of ‘Attitude’ outcomes, a similar pattern emerged. The meta-regression analysis showed
nonsignificant effects for n (p=0.926), t (p=0.426), Latitude (p=0.740), and Longitude (p=0.844). These
findings suggest that the factors examined in the meta-regression analyses had no substantial impact on the
effect sizes associated with ‘Attitude’ changes through VBL.

In summary, our meta-regression analyses indicated that the observed effects of VBL on ‘Knowledge
Acquisition, ‘Skills Development, and ‘Attitude’ in health education were not significantly influenced by

Egger test
n | Cohen’sd | 95%-CI (p-value) |1* |7 12 (%) | (estimate; SE; p-value)
OVERALL 9 10.74 0.20; 1.27 (0.0067) | 0.57 | 0.75 | 97.0 -
RoB
Low 4 10.11 0.04; 0.19 (0.0038) | 0 0 0.0
Some concerns | 5 | 1.02 0.23; 1.81(0.0113) | 0.78 | 0.88 | 98.3
Egger test
Area n | Cohen’sd | 95%-CI (p-value) |1* |7 12 (%) | (estimate; SE; p-value)
Dentistry 2 1030 -0.34;0.94 (-) 0 0 0.0
Medicine 51035 -0.10; 0.22 |04 |782
0.82 (0.1290)
Nursing 1
Veterinary 1

Table 12. Meta-analysis results of video-based learning on ‘Attitude’ in several areas. Significant values are
denoted in bold (p < 0.05).
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Outcome Independent Variable Beta Coeflicient | Standard Error (SE) | p-value
Total number of participants (1) | -0.01 0.01 0.267
Time Span of Intervention (f) 0.00 0.01 0.879
Knowledge Aquisition
Latitude 0.04 0.03 0.208
Longitude -0.01 0.01 0.284
Total number of participants (n) | -0.01 0.01 0.198
Time Span of Intervention (f) -0.00 0.01 0.968
Skills development
Latitude -0.00 0.03 0.897
Longitude 0.00 0.01 0.504
Total number of participants (n) | -0.00 0.01 0.926
Time Span of Intervention (f) -0.01 0.02 0.426
Attitude
Latitude 0.01 0.01 0.740
Longitude 0.00 0.01 0.844

Table 13. Moderation analyses results of VBL on several possible sources of heterogeneity.

independent variables such as sample size, the length of the intervention, or geographical location. These results
suggest that the effectiveness of VBL in health education is a robust educational approach that transcends these
potential sources of variation.

Discussion

Summary of main results

The findings of the meta-analysis indicate that VBL has a significant positive effect on ‘Knowledge Acquisition’
in dentistry, with a large effect size and low heterogeneity. Similarly, in medicine, VBL showed a moderate effect
on ‘Knowledge Acquisition, with a relatively narrow confidence interval. However, for nursing, the effect was
considered null.

This result aligns with the Cognitive Theory of Multimedia Learning'?, as dental education videos likely utilize
visuals, such as 3D models or clinical demonstrations, accompanied by audio explanations or narrations. By
engaging both the visual and auditory channels, these multimedia elements may promote deeper understanding
and retention of dental concepts, procedures, and techniques. Moreover, the low heterogeneity observed in
this domain suggests a consistency in the effectiveness of VBL, reinforcing the potential impact of multimedia
integration. Similarly, in the field of medicine, VBL demonstrated a moderate positive effect on ‘Knowledge
Acquisition’. While the effect size was not as large as in dentistry, the Cognitive Theory of Multimedia Learning
still provides an explanation for this finding'®. Medical education videos often combine textual information
with dynamic visualizations, surgical simulations, or case presentations, accompanied by spoken explanations.
This multimedia approach likely facilitates cognitive processing and assists learners in grasping complex
medical concepts and procedures, contributing to improved knowledge acquisition. The null results in nursing
and inconclusive results in psychology and the combined domain of medicine/nursing might be attributed
to a multitude of factors, including variations in multimedia presentation styles, content complexity, and
instructional strategies. The Cognitive Theory of Multimedia Learning emphasizes the importance of well-
designed multimedia presentations that consider the coherence principle, the modality principle, and other
relevant principles to optimize learning outcomes'®. Inconsistent results in these fields might indicate a need
for more tailored and targeted approaches in incorporating multimedia elements into video-based education.

The moderate effect sizes observed in ‘Skills Development’ for medicine and nursing suggest that VBL has a
positive impact on this outcome in both areas. However, cautious interpretation is warranted due to the limited
number of studies available for dentistry and nursing. The presence of heterogeneity in the effect of VBL on
‘Skills Development’ in medicine warrants further investigation into potential contributing factors.

These findings are consistent with the principles of the Experiential Learning Theory'%. By providing
learners with concrete experiences (via video demonstrations), encouraging reflection, and promoting active
experimentation, VBL can effectively support skills development in the healthcare domain. Furthermore, the
cautious interpretation due to the limited number of studies available for dentistry and nursing indicates the
need for more research to explore the effectiveness of video-based learning in these specific health education
areas. The Experiential Learning Theory emphasizes the importance of contextualized experiences, and
therefore, conducting more studies on VBLs impact on ‘Skills Development’ in dentistry and nursing would
help validate its effectiveness in these contexts. The Experiential Learning Theory offers valuable insights into
skills development in health education through VBL!. By following the experiential learning cycle, learners can
actively engage with video-based content, reflect on their observations, form abstract concepts, and experiment
with applying the acquired skills, ultimately leading to improved skills development in medicine and nursing.

Regarding ‘Attitude, the results show that VBL had an overall positive effect, without being specifically
attributable to a particular area (i.e. dentistry and medicine), with null effect observed in both areas. This finding
is consistent with the idea that attitude change can be a gradual process and may require repeated exposure to
instructional materials, including video-based content. VBL can be a powerful tool to deliver educational content
in a visually engaging and memorable way, leading to a positive shift in learners attitudes over time, aligned
with Attitude Change Theories!”!8, and Health Behavior Theories’***. However, the limited number of studies
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reporting attitude outcomes points to the need for additional research to establish more robust conclusions. A
broader and more comprehensive body of research is essential to understanding the precise role of video-based
learning in influencing attitudes effectively in dentistry and medicine.

Despite the positive findings in dentistry, medicine, and nursing, the review highlighted potential limitations
in the included studies, primarily related to the risk of bias. The shortcomings, particularly in randomization
processes and deviations from intended interventions, could impact the internal validity of the results. Therefore,
future research in video-based learning should aim to address these limitations and adopt rigorous study designs
to provide more robust evidence on the role of multimedia learning in different academic disciplines.

Evidence quality and potential bias in the review process

Thirty studies were considered to have a moderate risk of biag3>2-5%57:59:61-65.67,69-72,74,76.78-81.83-88.90 5 sty dies
were considered to have a low risk of bias (Bahar et al., 2017; Fernandez et al., 2016; Hadvani et al., 2021; Peine
et al., 2016; Schlafer et al., 2021, while 5 studies®®%*7>758° were considered to have a high risk of bias (Figure
§3). While some studies showed strong methodological rigour with a low risk of bias, a significant number of
studies had a moderate or high risk of bias, which highlights potential limitations in their designs. Researchers
and readers should consider these limitations when interpreting the results and drawing conclusions from the
studies included in this systematic review.

A major concern is the presence of publication bias, particularly in the ‘Overall RoB’ meta-analysis, which
suggests that smaller studies with more significant results may be over-represented, potentially leading to an
overestimation of the effect of video-based learning. It highlights the need for caution in interpreting overall
results and the importance of conducting studies with more robust methodologies to avoid bias.

Egger’s test was performed to assess potential publication bias concerning ‘Skills Development’ outcome,
however no significant association between effect size and its standard error was found. Given the low number
of studies reporting ‘Attitude] the Egger’s test was not performed to assess potential publication bias.

Limitations

Limitations of this systematic review with meta-analysis include the lack of meta-regression, which hinders
a deeper exploration of sources of heterogeneity and variation in effect sizes between studies. In addition,
inadequate reporting of participant characteristics, such as demographics and previous experience with VBL,
may limit the generalisability of the results to specific subgroups. Inadequate information about participants’
exposure to VBL could affect understanding of the relationship between exposure and its effect on knowledge
acquisition.

In addition, the heterogeneity of intervention methods, including different video formats, lengths and
delivery styles, may make it difficult to draw specific conclusions about the most effective approaches.
Variation in outcome assessment tools or methods used to measure knowledge acquisition may also affect the
comparability of study results. This heterogeneity in the intervention makes it challenging to group studies and
perform subgroup analyses based on the nature of VBL.

Publication bias is also a concern and may bias the overall effect size estimate and interpretation of results, as
studies with positive or statistically significant results are more likely to be published.

Due to these constraints, conducting analyses on participant characteristics and the nature of Video-Based
Learning was unattainable. Recognizing the significance of these factors in evaluating VBL effectiveness,
awareness of these limitations is vital for interpreting review results and guiding future research and educational
practices involving video-based learning in these populations.

Conclusion

This systematic review and meta-analysis shed light on the potential benefits of multimedia learning in health
education settings. In conclusion, the findings demonstrate that video-based learning has a significant positive
effect on knowledge acquisition in dentistry and medicine. The Cognitive Theory of Multimedia Learning provides
valuable insights into understanding the impact of video-based education in these domains, emphasizing the
importance of incorporating well-designed multimedia elements to enhance learning outcomes!®. Additionally,
the Experiential Learning Theory further support the effectiveness of video-based learning in promoting skills
development in medicine and nursing, while cautious interpretation is necessary due to the limited number of
studies available for dentistry and nursing!?. In terms of attitude change, video-based learning shows promise
in health education, aligned with relevant Attitude Change Theories!”!® and Health Behavior Theories?>®.
However, the limited number of studies reporting attitude outcomes necessitates further research to establish
more robust conclusions regarding the influence of video-based learning on attitudes in these fields.

While the findings are encouraging, potential limitations in the included studies are identified, particularly
related to the risk of bias. To strengthen the evidence base, future research should address these limitations
and employ rigorous study designs when investigating the role of multimedia learning in various academic
disciplines.

In summary, video-based learning offers a valuable educational tool for knowledge acquisition, skills
development, and attitude change in health education. The integration of multimedia elements, adherence to
principles such as those based in the Experiential Learning Theory, and more rigorous research designs will
contribute to maximizing the potential benefits of video-based education in dentistry, medicine, nursing, and
other academic fields.
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The data that support the findings of this study are available from the corresponding author, MM, upon reason-
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