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Abstract

Background The constraints imposed by the COVID-19 pandemic has led to the rapid development and imple-
mentation of digital methods for teaching clinical skills in medical education. This systematic review presents
both the benefits, challenges, and effectiveness of this transition.

Methods A systematic search of six electronic databases (SCOPUS, Medline, CINAHL, PsycINFO, ERIC & Informit)

was conducted on 1st October 2023 and updated on 1st April 2024 to identify peer- reviewed articles, from 2019
onwards, which used any type of digital tool (online or otherwise) to teach clinical skills to medical trainees
(undergraduate or postgraduate) and were published in English language. The primary outcome synthesised

was the reported effectiveness of these digital tools in the development of clinical skills. Risk of bias of included stud-
ies was assessed using the Quality Assessment With Diverse Studies (QUADS) tool.

Results Twenty-seven studies involving 3,895 participants were eligible for inclusion in this review. The QUADS
quality assessment scores ranged from 22 to 35, indicating medium quality and thirteen of the studies were rand-
omized trials. Overall, digital teaching of clinical skills demonstrated improved or comparable outcomes to in-person
teaching. There was a beneficial effect of digital learning tools on assessment outcomes, with meta-analysis show-
ing a mean difference increase of 1.93 (95% Cl 1.22 to 2.64), albeit with a high amount of statistical heterogeneity 12
97%, P<0.001. Digital clinical skills teaching also resulted in improved student satisfaction scores in many situations
and was also shown in one study to be cost effective.

Conclusion Teaching of clinical skills using digital tools is an important alternative to the traditional format of face-
to-face delivery, which is resource intensive and difficult to implement during a pandemic. This review demonstrates
their potential efficacy in improving education outcomes, student satisfaction and potentially reducing costs.
However, the integration of traditional and innovative digital teaching methods appeared to provide the most com-
prehensive learning experience. Future research could focus on longitudinal studies to assess the long-term impact
and efficacy of different digital and blended learning modalities on the acquisition of clinical skills and professional
competencies.
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Background

The COVID-19 pandemic precipitated a paradigm shift
in medical education, necessitating a global re-evaluation
of pedagogical strategies to sustain the progression of
clinical skills acquisition, which is vital for patient-cen-
tred care [1-3]. Historically, the foundation of medical
training has been the integration of theoretical knowl-
edge with practical, experiential learning, achieved
through direct patient interactions and simulated clinical
scenarios [4]. This model is especially crucial for students
navigating the transition from theoretical pre-clinical
studies to the hands-on clinical environment, ensur-
ing they acquire essential skills such as history-taking,
physical examination techniques, and procedural com-
petencies requisite for effective patient care and hospital
placements [5].

Prior to COVID-19, some universities used digital
learning for various reasons, including increased acces-
sibility and user preference. The advent of the COVID-19
pandemic, accompanied by stringent physical distanc-
ing mandates and lockdowns, significantly disrupted
traditional clinical education pathways. In response,
numerous educational institutions swiftly transitioned to
remote and digital platforms for clinical training [2, 6-8].
This shift towards online clinical skills learning leverages
electronic technologies to foster clinical reasoning, com-
munication skills, and other core medical competencies,
employing digital media to deliver consistent educational
content, introduce innovative instructional methods, and
facilitate the documentation of student engagement and
performance assessments [9]. Nonetheless, the transi-
tion introduces several challenges, including diminished
practical exercise opportunities, constraints on teach-
ing physical examination techniques, and hurdles in the
comprehensive evaluation of clinical competencies [4].
These challenges have spurred concerns about the effi-
cacy of online and blended learning models in adequately
preparing students for their clinical roles [4].

As the landscape of medical education continues to
adapt to the challenges posed by the pandemic, the expe-
riences and lessons learned from this period of enforced
pedagogical innovation are poised to shape future edu-
cational strategies. Although most education has shifted
back to in-person learning, there are some adaptations
that may improve traditional teaching. The primary goal
remains to ensure that all students attain the necessary
clinical competencies, regardless of the educational for-
mats employed. This period of accelerated adaptation
may herald the development of more robust and flex-
ible teaching methodologies, enhancing the acquisition
and refinement of clinical skills in preparation for the
demands of post-pandemic healthcare environments
[10].
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Given the evolving nature of medical education in
response to the challenges posed by the pandemic, it is
crucial to systematically review the experiences and les-
sons learned during this period of enforced pedagogi-
cal innovation. Previous systematic reviews in this area
predate the COVID-19 pandemic [11, 12]. The current
dearth of recent literature in this area necessitates a sys-
tematic review on this topic. Therefore, this systematic
review aims to examine the impact of digital and blended
learning environments on medical students’ academic
performance in clinical skills training following the
COVID-19 pandemic. We also aim to evaluate the effec-
tiveness of educational adaptations, specifically digital
media tools such as online modules, instructional videos,
and lecture recordings, in maintaining high standards of
clinical skills education.

Methods

This systematic review was reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [13].

Search strategy

Six electronic databases comprising MEDLINE, SCO-
PUS, Psychlnfo, CINAHL, ERIC, and Informit were
searched on 1st October 2023 and the search was
updated on 1st April 2024. Reference lists of included
studies and relevant systematic reviews were also
searched to identify other eligible studies not captured
by the search strategy. Search terms used related to the
concepts of clinical skills, clinical competency, medical
education, and online learning. The full search strategies
for each database are outlined in Supplement 1. Search
results were imported into Covidence systematic review
software (Veritas Health Innovation, Melbourne, Aus-
tralia. Available at www.covidence.org) for screening.

Eligibility criteria

To be eligible for inclusion, studies had to involve Popu-
lation: medical trainees (either undergraduate or post-
graduate) where Intervention: any type of digital media
or tool (online or otherwise) was used to teach clinical
skills compared to any other teaching format, and aca-
demic performance was measured or assessed. Studies
involving other healthcare professions, such as chiro-
practic students, residents, resident physicians, or allied
health students, were excluded. Digital media included
electronic resources, platforms, applications, and other
interactive digital media that used digital technology to
create, deliver, or manage educational content, for exam-
ple instructional videos, lecture recordings, and other
digital resources used to facilitate learning were eligible
for inclusion. Virtual reality (VR) technologies were not
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included in our systematic review because they typi-
cally require face-to-face delivery and specialised equip-
ment, which differs from the digital media tools we
aimed to evaluate. Our review focused on digital learn-
ing modalities that are accessible remotely and can be
used by students without the need for physical presence
or specialized hardware. Mixed interventions, e.g. both
face-to-face and digital components, were also included.
Clinical skills included competencies such as history-
taking, physical examination, communication skills, and
clinical reasoning. Procedural skills and technical com-
petencies were included if they involved direct patient
care. Clinical skills learning was defined as develop-
ment of clinical reasoning, communication skills, and
other medical competencies e.g. professionalism, ethical
decision-making, teamwork, cultural competence, and
evidence-based practice. Studies without a Comparison
group were excluded. As the focus of the review was on
COVID-19 pandemic’s effect, the search was limited to
studies conducted from 2019 onwards. Additionally,
included studies had to be peer-reviewed journal arti-
cles published in the English language. Commentaries
and studies that only reported the Outcome of satisfac-
tion levels (i.e. where academic performance was not
assessed) were excluded. We defined assessment of aca-
demic performance as measuring a student’s competence
in applying theoretical knowledge to practical clinical
tasks [14].

Data extraction

Using COVIDENCE systematic review software, two
authors independently screened studies for inclusion.
Any discrepancies were resolved by a third author. After
the studies were selected, a data extraction template was
used to extract required information. Extracted variables
included study authors, year published, number of par-
ticipants, as well as review-specific outcomes such as
type of digital teaching tool used, clinical skills taught,
and academic performance measures.

Data analysis and synthesis

Numerical data was reported as mean and standard
deviation (SD) or median and interquartile range, and
categorical data as number and percentage. Meta-analy-
ses on studies were conducted using Review Manager 5
software (Cochrane collaboration). The means and stand-
ard deviations from each trial were identified for inclu-
sion in the meta-analysis. We used the Mantel-Haenszel
random-effects model to account for potential variabil-
ity in participant conditions between studies and to cal-
culate the pooled estimates (mean difference) and 95%
confidence intervals. We assessed for apparent incon-
sistency in our results by examining methodological and
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statistical heterogeneity. We evaluated methodological
heterogeneity by considering similarities amongst the
included studies in terms of study design, participants,
interventions, and outcomes, and used the data col-
lected from the full-text reports. We assessed statistical
heterogeneity by calculating the ChI2 test or 12 statistic,
judging an I2 value of 50% and a Chi2 P value of 0.05 or
less as indicating substantial statistical heterogeneity. For
thematic analysis we read each study in depth to identify
study variables. Two investigators independently coded
the data, and discrepancies were resolved through dis-
cussion and consensus. A third reviewer was consulted
when necessary to resolve any remaining differences.
Extracted data was summarised narratively, taking into
consideration the interventions reported, and primary
and secondary outcomes relevant to clinical skills teach-
ing of medical students.

Risk of bias

Risk of bias was assessed using the ‘Quality Assessment
with Diverse Studies’ (QuADS) tool [15]. Two authors
independently assessed risk of bias using the QuADS
tool, reaching consensus on final scores through discus-
sion. Discrepancies were resolved by a third reviewer.
The QuADS tool was deemed suitable as it allows for
assessment of a broad range of methodologies and it has
been reported as having good inter-rater reliability and
validity [15]. The tool has 13 criteria to assess study qual-
ity, each of which are scored between zero (not stated at
all) and three (explicitly described) (see Supplement 2).
To ensure consistency in the assessment of quality, for
each reviewed paper, the 13 criteria scores were summed
and expressed as a percentage of the maximum possible
score. This approach allowed for comparison of quality
across the different papers. Interpretation of the qual-
ity evidence involved classification of total scores into
low (<60%), medium (60-80%) or high (>80%). Studies
were not excluded based on their quality rating, though
the significance of their findings were considered when
reporting the results and drawing conclusions based on
the findings of all the included studies.

Results

Search results and study characteristics

Of 1092 unique records identified from the search
strategy, 1035 (94.8%) were excluded through title and
abstract screening, leaving 57 for full-text review. Of
these, 30 were excluded for a variety of reasons, see Fig. 1
for details. Twenty-seven studies which involved 3,895
participants were included in the final analysis [16—42].
Figure 1 illustrates the screening and study selection
process.
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Studies from databases/registers (n = 1586)
Scopus (n = 768)
MEDLINE (n = 440)
CINAHL (n = 220)
PsycINFO (n = 135)
Unspecified (n = 23)

References removed (n = 493)

> Duplicates identified manually (n=7)
Duplicates identified by Covidence (n = 486)
y
studies screened (n = 1092) > studies excluded (n = 1035)
Studies sought for retrieval (n = 57) > studies not retrieved (n=0)
3 Studies assessed for eligibility (n = 57) | Studies excluded (n =30)

Studies included in review (n = 27)

Induded

Fig. 1 PRISMA flow diagram of study screening and selection

The studies were published from a wide range of coun-
tries, five from the United Kingdom (UK) [17, 27, 30, 35,
37]; four from Germany [20-22, 36]; and two from the

Pre 2017 (n=1)

No digital tools (n = 13)
Perceptions only (n = 4)

No comparison group (n = 4)
Commentary/opinion paper (n = 2)
Wrong patient population {n = 3)
Naon English language article (n = 3}

Included studies ongoing (n = 0)
Studies awaiting classification (n = 0)
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United States of America [23, 26]. Of the studies, twelve
were randomized trials [17, 18, 20-22, 25, 27, 30-32, 35,
36]; four were prospective observational studies [23, 24,
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28, 34]; four were mixed methods studies [29, 39, 41, 42]
and the remainder were a variety of study designs. The
interventions were also varied, the most common for-
mats used were videos (#=12) and online modules/
courses (n=6). Table 1 summarises the characteristics of
the included studies.

Effectiveness of digital learning tools

The included studies demonstrated that online and digi-
tal learning interventions could enhance acquisition and
enhancement of clinical knowledge and skills across vari-
ous domains, see Fig. 2. Online modules and videos sig-
nificantly improved clinical knowledge and specific skill
sets such as diagnostic imaging and cardiac auscultation
[16, 18, 24, 26]. Video-based learning emerged as a par-
ticularly effective tool in enhancing clinical knowledge,
though it did not significantly impact anatomical knowl-
edge acquisition. Its perceived advantages in presentation
comprehensibility and engagement highlight the poten-
tial for multimedia resources to enrich the learning expe-
rience [20]. Similarly, animated media and video-based
interventions showed improved adherence to correct
algorithms and competency in handling e-patient sce-
narios, demonstrating the effectiveness of dynamic visual
content in medical education [21, 22]. Overall video tools
showed a beneficial effect with a mean difference of 1.64
(95% CI 0.22 to 3.06), while interactive modules showed
a beneficial effect with a mean difference of 2.27 (95%
CI 1.28 to 3.25). These results are summarised in Fig. 2,
which also demonstrates a high amount of statistical het-
erogeneity in the results.

Studies also explored the impact of learning modalities
on specific skills such as cardiac auscultation and practi-
cal skills like suturing, finding that while certain interven-
tions led to improvements in proficiency and confidence,
the overall effectiveness varied across different compe-
tencies and learning outcomes [26, 36]. High dropout
rates in some studies, posed challenges in accurately
measuring the effectiveness of the interventions [37].
Plackett [27] reported that ‘eCREST), an electronic clini-
cal reasoning simulation tool, improved students’ ability
to gather essential patient information and learn clinical
reasoning skills. Comparatively, suturing and knot-tying
proficiencies were found to be comparable across virtual
classroom training and traditional face-to-face training,
suggesting that certain practical skills can be effectively
taught through virtual methods [17, 32]. However, both
these training modalities were superior to computer-
based learning in producing better outcomes, albeit with
varying costs per attendee, highlighting the economic
considerations in choosing the optimal training approach
[17].In the area of CPR training, computer-based
learning groups demonstrated a less comprehensive
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understanding of procedures such as calling for assis-
tance and using a defibrillator, when compared to their
counterparts in face-to-face training sessions [18]. This
points towards the limitations of computer-based learn-
ing in fostering practical critical skills in emergency sce-
narios. Figure 3 summarises the effect of digital learning
tools by skill area and shows a high amount of statistical
heterogeneity in the results.

Student performance and knowledge retention

Studies consistently showed that digital interventions
positively affect student performance and knowledge
retention. Confidence levels and diagnostic abilities sig-
nificantly increased following interventions and remained
elevated four months post-intervention in some stud-
ies, indicating sustainable improvements in these cru-
cial areas [19]. Videos and animated media enhanced
the comprehension and procedural adherence in clinical
skills, indicating superior performance compared to tra-
ditional methods [20-22]. Studies using online modules
or courses demonstrated an improvement in median final
exam scores when compared to traditional lecture-based
learning methods alone [16]. This is further supported
by evidence showing a significant correlation between
the frequency of visits to online modules and the extent
of knowledge gained, indicating the value of engagement
with digital resources.

Gong et al. [38] found that a blended learning platform
enhanced student-centred learning and clinical practice,
demonstrating higher theoretical and practical assess-
ment scores. Blended learning approaches, incorporating
web applications and simulated electronic health records,
were associated with better immediate and delayed post-
intervention test scores, enhanced confidence in electro-
cardiogram analysis, and improved clinical practice skills
[28, 31]. This suggests that integrating online resources
with traditional teaching methods can elevate learning
outcomes significantly. Moreover, virtual microscopy was
favoured over optical microscopy for its higher scores in
subjective impressions, indicating a preference for digital
tools in certain areas of study [41]. However, no signifi-
cant differences were observed in academic performance
between different groups [41].

Kasai et al. [29], highlighted that simulated electronic
health records and online problem-based learning
improved multiple clinical skills, including medical inter-
viewing and counselling; while Huang et al. [34] reported
that an online course enhanced competency in basic ocu-
lar examination, though students preferred using it as an
additional tool rather than a replacement for traditional
methods. Saeed et al. [39] and Vincent et al. [31] high-
lighted improvements in examination skills and breaking
bad news skills, with significantly improved self-efficacy
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Digital Teaching Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,R 95% CI , Rand 95% CI
2.1.1 Video
Brewer (2021) 141 41 24 227 38 21 41% -8.60[-10.91,-6.29] _—
Flatt (2023) 236 52 20 186 52 20 3.0% 5.00[1.78,8.22) —_——
Grosser (2019) 68 287 55 58 26.4 59 05% 10.00[}0.14,20.14] >
Hansen (2020) 107 23 69 99 24 59  6.2% 0.80 [-0.02,1.62] ==
Hermann-Werner (2019) 94 06 26 65 06 20 6.6% 2.90[2.55, 3.29) *
Lang (2023) 07 01 29 06 02 28 67% 0.10([0.02,0.18]
Nathan (2022) Arm 1 121 21 24 132 22 24 57% -1.10[232,012) ——
Nazari (2020) 73 28 23 78 23 20 52%  -0.50[2.02,1.02) .
Power (2020) 71 18 147 38 18 147 65% 3.30([2.89,3.71) -
Saeed (2023a) (Abdo Exam) 839 56 25 669 73 25  2.6% 17.00[13.39, 20.61) 4
Saeed (2023a) (CNS Exam) 779 98 24 74 92 24 1.5% 3.90[-1.48,9.28] =
Saeed (2023a) (CVS exam) 718 209 24 751 153 24 05% -3.30[-13.66,7.06) ¢
Saeed (2023a) (Resp Exam) 691 109 24 704 93 24 14%  -1.30[7.03, 4.43)
Vincent (2022) 526 202 80 4989 229 80 1.1% 2.70[-3.99,9.39]
Subtotal (95% CI) 594 575 51.4% 1.64 [0.22, 3.06] -~
Heterogeneity: Tau*= 4.78; Chi*= 598.62, df= 13 (P < 0.00001); F= 98%
Test for overall effect: Z=2.26 (P=0.02)
2.1.2 Interactive Module
Berland (2019) 95 1.7 129 94 15 114 65% 0.10 [-0.30, 0.50] T
Gong (2021) 84 103 34 779 95 34 18% 6.10[1.39,10.81]
Gong (2021) (Catheter) 69.1 7.7 33 654 7 33 27% 3.70[0.15,7.29)
Gong (2021) (Lumbar Puncture) 86.4 10 33 82 141 33 13% 4.40[1.50,10.30]
Huang (2022) 476 4 39 447 6 37 41% 2.90([0.59,5.21]
Lehmann {(2019) Arm 1 82 119 31 795 123 37 1.3% 2.50[-3.27,8.27]
Saeed (2023b) (Life Supporf) 39 09 100 19 02 100 6.6% 2.00[1.82,2.18] .
Saeed (2023b) (Precordium Exam) 38 07 100 24 12 100 6.6% 1.40[1.13,1.67) -
Viljoen (2020) 57.7 185 64 376 164 67 1.3% 20.10[14.10,26.10) 4
Subtotal (95% CI) 563 555 32.3% 2.27 [1.28,3.25] <&
Heterogeneity: Tau*=1.03; Chi*=117.70, df= 8 (P < 0.00001); F=93%
Test for overall effect: Z= 4.50 (P < 0.00001)
2.1.3 Simulation
Kasai (2021) 5 2 43 37 1.7 43 6.2% 1.30[0.52, 2.08] ==
Plackett (2020) 81.4 105 78 846 106 70  28% -3.20[-6.61,0.21)
Somera dos Santos (2021) 743 111 98 715 128 91 2.8% 2.80[-0.63,6.23] T
Zaghal (2022) 28 52 59 275 6 59  4.5% 0.50 [-1.53, 2.53] =—ja—
Subtotal (95% CI) 278 263 16.3% 0.60[-1.11,2.31] A
Heterogeneity: Tau®=1.71; Chi*= 7.65, df= 3 (P = 0.05); F=61%
Test for overall effect: Z= 0.69 (P = 0.49)
Total (95% CI) 1435 1393 100.0% 1.72[0.97,2.47] @
Heterogeneity: Tau®= 2.20; Chi*= 966.43, df= 26 (P < 0.00001); F=97% _150 =5 1 é, 1?0

Test for overall effect: Z= 4.49 (P < 0.00001)
Test for subaroup differences: Chi*= 2.81, df= 2 (P = 0.25), F= 28.8%

Fig. 2 Forest plot of digital learning tools effectiveness by intervention

and OSCE scores, showcasing the effectiveness of hybrid-
ised video-based learning.

Figure 4 summarises the effect of digital learning tools
on assessment outcomes. The mean difference favours
digital teaching, mean difference 1.93 (95% CI 1.22 to
2.64), with a high amount of statistical heterogeneity 12
97%, P<0.001.

Student satisfaction and engagement

Despite mixed efficacy for improving clinical skills there
was a consensus of better engagement and satisfaction
levels with digital clinical skills teaching. This increase in
satisfaction did not appear specific to any one modality.
For example, digital modules [34], videos [20, 25], web
applications [28, 29], and even virtual meeting platforms
(Microsoft Teams) [39, 42] all showed increased satisfac-
tion scores by students. Nazari et al. [25] reported that

Favours Control Favours Digital Teaching

step-by-step video demonstrations were perceived to
have lower cognitive load and were preferred over contin-
uous video demonstrations. Saeed et al. [39, 42] indicated
that students were generally satisfied with their learn-
ing experience. Somera et al. [41] noted positive subjec-
tive impressions and engagement with blended learning
and virtual microscopy environments. Only one study
showed reduced satisfaction from students when it was
described that learning visuospatial concepts remotely
online was less optimal than in person training [32]. Unit
of analysis issues precluded the use of proportional meta-
analysis to create a pooled, overall proportion.

Cost effectiveness of digital learning tools

The review also highlighted the potential cost-effective-
ness of online learning modalities and noted improve-
ments in long-term retention and confidence among
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Digital Teaching Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI , Rand 95% CI

2.2.1 Knowledge

Berland (2019) 95 1.7 129 94 15 114 5.9% 0.10 [-0.30, 0.50] T

Gong (2021) 84 103 100 78 95 100 3.0% 6.00 [3.25, 8.75)

Grosser (2019) 68 287 55 58 26.4 59 0.4% 10.00[0.14,20.14) >

Somera dos Santos (2021) 743 1141 98 715 128 9N 2.3% 2.80[-0.63,6.23) T

Subtotal (95% CI) 382 364 11.6% 3.56 [-0.35, 7.48] —eE @RI

Heterogeneity: Tau®*=11.78; Chi*= 23.04, df= 3 (P < 0.0001); F=87%

Test for overall effect: Z=1.78 (P =0.07)

2.2.2 Physical Examination

Brewer (2021) 141 41 24 227 38 21 35% -860[1091,-629) ———

Flatt (2023) 236 52 20 186 52 20 25% 5.00[1.78,8.22) e

Subtotal (95% CI) 44 41 6.0% -1.85[-15.18, 11.48] =————————

Heterogeneity: Tau®= 90.43; Chi*= 45.20, df=1 (P < 0.00001); F= 98%

Test for overall effect. Z=0.27 (P=0.79)

2.2.3 Communication

Hermann-Werner (2019) 94 06 26 65 06 20 59% 2.90 [2.55, 3.29) -

Kasai (2021) 5 2 43 37 17 43 586% 1.30[0.52, 2.08] -

Vincent (2022) 526 202 80 489 229 80 0.9% 2.70[-3.99,9.39)

Subtotal (95% CI) 149 143 12.4% 2.17[0.71, 3.63] Ree

Heterogeneity: Tau*=1.07; Chi*=13.33, df= 2 (P = 0.001), F= 85%

Test for overall effect: Z= 2.90 (P = 0.004)

2.2.4 Procedural

Gong (2021) 84 103 34 779 95 34 15% 6.10(1.39,10.81]

Gong (2021) (Catheter) 69.1 & 4 33 654 7033 22% 3.70[0.15,7.29)

Gong (2021) (Lumbar Puncture) 896.4 10 33 82 141 33 1.1% 4.40[-1.50,10.30]

Lang (2023) 0.7 01 29 06 02 28 6.0% 0.10(0.02,0.18)

Lehmann (2019) Arm 1 82 119 31 795 123 37 1.1% 2.50[-3.27,8.27)

Nathan (2022) Arm 1 121 21 24 132 21 24 5.1% -1.10[-2.29, 0.09] —

Nazari (2020) 7.3 28 23 78 23 20 4.6% -0.50[-2.02,1.02] —

Saeed (2023a) (Abdo Exam) 839 56 24 669 73 24 21% 17.00[13.32,20.68] ’

Saeed (2023a) (CNS Exam) 779 98 23 74 92 23 1.2% 3.90 [-1.59, 9.39) i

Saeed (2023a) (CVS exam) 718 2089 23 751 153 23 04% -3.30[-13.89,7.29] ¢

Saeed (2023a) (Resp Exam) 691 109 23 704 93 23 11% -1.30[-7.16, 4.56]

Saeed (2023h) (Life Support) 3.92 09 200 19 02 200 6.0% 2.02[1.89,2.15) -

Saeed (2023h) (Precordium Exam) 38 0.7 200 24 12 200 6.0% 1.40[1.21,1.59) ¥

Zaghal (2022) 28 52 59 275 6 59 39% 0.50 [-1.53, 2.53] T

Subtotal (95% CI) 759 761 42.2% 1.74[0.79, 2.68] ey

Heterogeneity: Tau®*=1.53; Chi*= 760.08, df=13 (P < 0.00001); F=98%

Test for overall effect: Z= 3.60 (P = 0.0003)

2.2.5 Diagnostic

Azman (2021) 204 31 45 152 39 45 47% 5.20[3.74, 6.66) _—

Hansen (2020) 107 23 69 99 24 59 55% 0.80 [-0.02,1.62] 7

Huang (2022) 476 4 39 447 6 37 35% 2.90[0.59,5.21] —

Plackett (2020) 814 105 78 846 106 70 2.3% -3.20[-6.61, 0.21] r

Power (2020) 71 18 147 38 18 147 5.9% 3.30([2.89,3.71] -

Viljoen {(2020) 57.7 185 64 376 164 67 1.0% 2010([14.10,26.10] 4

Subtotal (95% CI) 442 425 23.0% 3.52 [1.38, 5.66] Bt

Heterogeneity: Tau®= 5.60; Chi*=82.42, df= 5 (P < 0.00001); = 94%

Test for overall effect: Z=3.23 (P = 0.001)

2.2.6 Confidence

Berland (2019) 451 57 129 443 52 114 48% 0.80 [-0.57,2.17] =

Subtotal (95% CI) 129 114 4.8% 0.80 [-0.57, 2.17] <l

Heterogeneity: Not applicable

Test for overall effect Z=1.14 (P = 0.25)

Total (95% CI) 1905 1848 100.0% 1.92[1.25, 2.58] 3

Heterogeneity: Tau®=1.92; Chi*=1222.83, df= 29 (P < 0.00001); F=98% _170 _’5 ) é 1?0

Test for overall effect: Z= 5.64 (P < 0.00001)
Test for subaroup differences: Chi*=5.86, df=5{P=0.32), F=14.7%

Fig. 3 Forest plot by of digital learning tools effectiveness by skill area

learners. In 2022, Nathan et al. showed that computer
based learning and virtual classroom training for teach-
ing suturing skills resulted in a cost saving of 58.9%
and 44.2% respectively compared to face-to-face train-
ing [17]. The other included studies did not include
detailed cost breakdowns.

Favours Control Favours Digital Teaching

Risk of bias of included studies

The QuADS results indicated that the scores ranged
from 56 to 90%. There were more medium quality studies
(n=14) compared to low (n=2) and high-quality stud-
ies (n=12). Only two studies scored below 60%. Most
studies had very low scores on stakeholder engagement
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Digital Teaching Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Randi 95% CI
2.3.1 Examination Results
Berland (2019) 95 1.7 129 94 15 114 57% 0.10[-0.30, 0.50] T
Gong (2021) 84 103 100 779 95 100 31% 6.10[3.35, 8.85) —_—
Grosser (2019) 68 287 55 58 26.4 59  0.5% 10.00[0.14,20.14] >
Hansen (2020) 107 23 69 99 24 59  54% 0.80 [-0.02, 1.62) =
Power (2020) 74 1.8 147 38 1.8 147 57% 3.30(2.89,3.71] =
Somera dos Santos (2021) 743 111 98 715 128 91 2.5% 2.80[-0.63,6.23) N
Viljoen (2020) 57.7 185 64 376 164 67 1.1% 2010([14.10,26.10] ’
Subtotal (95% Cl) 662 637 24.0% 3.96 [1.93, 5.99] ‘
Heterogeneity: Tau*= 5.16; Chi*= 172.39, df= 6 (P < 0.00001); F=97%
Test for overall effect: Z= 3.83 (P = 0.0001)
2.3.2 Skill Proficiency
Brewer (2021) 141 41 24 227 38 21 3.6% -8.60[-10.91,-6.29] —
Flatt (2023) 236 5.2 20 186 5.2 20 27% 5.00[1.78,8.22)
Gong (2021) (Catheter) 69.1 7.7 50 654 7 50  3.0% 3.70[0.82, 6.58]
Gong (2021) (Lumbar Puncture) 86.4 10 50 82 14 50  1.6% 4.40[-0.37,917) 1
Hermann-Werner (2019) 94 06 26 65 06 20 57% 2.90 [2.55, 3.25] -
Huang (2022) 476 4 39 447 6 37 36% 2.90[0.59, 5.21] —_——
Kasai (2021) 5 2 43 37 17 43 54% 1.30[0.52, 2.08] =
Lang (2023) 07 01 29 06 02 28 58% 0.10[0.02,0.18]
Lehmann (2019) Arm 1 82 119 31 795 123 37 1.2% 2.50[-3.27,8.27) —
Nathan (2022) Arm 1 121 24 24 132 21 24 50% -1.10[-2.29,0.09) —=
Nazari (2020) 73 28 23 78 23 20 46% -0.50[2.02,1.02) e
Plackett (2020) 814 105 78 846 106 70 25% -3.20[-6.61,0.21] |
Saeed (2023a) (Abdo Exam) 839 586 24 669 73 24 2.3% 17.00[13.32, 20.68] ’
Saeed (2023a) (CNS Exam) 779 98 23 74 92 23 13% 3.90 [-1.59, 9.39) -
Saeed (2023a) (CVS exam) 718 209 23 751 153 23 04% -330[1389,7.29 ¢
Saeed (2023a) (Resp Exam) 691 109 23 704 93 23 12%  -1.30[7.16, 4.56)
Saeed (2023b) (Life Suppor) 39 09 100 19 02 100 58% 2.00[1.82,2.19) -
Saeed (2023b) (Precordium Exam) 38 07 100 24 12 100 58% 1.40[1.13,1.67) -
Zaghal (2022) 28 52 59 275 6 59  4.0% 0.50 [-1.53, 2.53] e
Subtotal (95% Cl) 789 772 65.5% 1.28[0.43, 2.13] L3
Heterogeneity: Tau®= 2.08; Chi*= 746.36, df= 18 (P < 0.00001), *= 98%
Test for overall effect: Z= 2.95 (P = 0.003)
2.3.3 Self-Efficacy Rating
Azman (2021) 204 31 45 152 39 45  47% 5.20[3.74, 6.66] —
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Test for overall effect: Z=5.31 (P < 0.00001)
Test for subaroup differences: Chi*=6.11, df= 2 (P = 0.05), F=67.3%

Fig. 4 Forest plot by of digital learning tools effectiveness by outcome

in the research. The studies with higher scores were ran-
domised trials and they were judged to be appropriate
in their statistical analyses and study designs. The risk of
bias assessment is detailed in Table 2.

Discussion

This systematic review highlights the growing role and
potential of digital learning interventions in medical edu-
cation. The broad geographical distribution and diverse
study designs of the reviewed studies underscores the
widespread interest and applicability of digital tools in
enhancing clinical knowledge and skills. The study find-
ings suggest that online learning platforms can be a
valuable complement to traditional clinical education,
offering flexible, engaging, and potentially more cost-
effective training options.

Favours Control Favours Digital Teaching

Our analysis demonstrated that online modules and
courses may improve exam scores and knowledge reten-
tion, particularly when compared to traditional lecture-
based methods. This aligns with previous studies that
have highlighted the benefits of e-learning in medical
education, particularly in providing flexible, scalable,
and accessible learning opportunities [11, 12]. The effec-
tiveness of these tools in improving specific skills, such
as diagnostic imaging [16] and cardiac auscultation
[26], underscores their potential to supplement or even
replace traditional teaching methods in certain contexts.
Furthermore, virtual training in practical skills like sutur-
ing and knot-tying proved to be as effective as face-to-
face training, though computer-based learning fell short
in critical areas such as CPR training. This indicates that
while digital interventions can be highly effective, they
must be carefully matched to the skills being taught.
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The results suggest that digital and blended learning
interventions lead to sustained improvements in stu-
dent performance and knowledge retention. Studies
by Nathan et al. [17] and Azman et al. [19] showed sig-
nificant gains in suturing skills and diagnostic abilities,
consistent with literature suggesting that interactive and
multimedia-enhanced learning can lead to better reten-
tion and application of knowledge [43, 44]. The find-
ings from Kasai et al. [29] and Huang et al. [34] further
support the notion that digital tools can enhance com-
petency in various clinical tasks, although a balanced
integration with traditional methods is often preferred.

High levels of student satisfaction and engagement with
digital learning approaches were evident across multiple
studies [20, 34, 39]. The studies reported that interac-
tive and video-based learning environments were well-
received by students, enhancing their engagement and
satisfaction. This is in line with research that highlights
the importance of interactivity and multimedia in main-
taining student interest and motivation [45, 46], although
the review by Ulum was not specific to medical educa-
tion [45]. However, some studies noted that while digital
methods were effective, students still valued the personal
interaction and hands-on experience provided by tra-
ditional face-to-face training [31, 39]. The integration
of multimedia resources, such as video-based learning,
showed significant benefits in terms of engagement and
comprehension, particularly in clinical contexts, though
anatomical knowledge gains were less pronounced [20].
The success of blended learning approaches and virtual
microscopy further supports the advantage of combin-
ing traditional and digital methods for optimal learning
outcomes.

However, our review also identified a large amount
of statistical and individual variability in the effective-
ness of different digital interventions, with high dropout
rates posing a challenge in some studies. Despite these
challenges, the overall satisfaction and engagement lev-
els were higher with digital learning modalities, sug-
gesting that they can enhance the learning experience
significantly.

Moreover, the potential cost savings associated with
digital learning, as evidenced by the studies on suturing
skills [17], present a compelling case for their broader
implementation, especially in resource-limited settings.
This finding is particularly relevant in the context of the
COVID-19 pandemic, which necessitated rapid shifts to
online learning and highlighted the need for cost-effec-
tive, scalable educational solutions [47].

Implications for practice
The integration of digital and blended learning into
medical education has profound implications for the
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future of the field. The adaptability and scalability of
these tools can address the challenges posed by increas-
ing student numbers and limited clinical training
opportunities [11]. Furthermore, the ability to provide
consistent and standardised training through digital
platforms can potentially enhance the overall quality
of medical education, ensuring that all students receive
comprehensive and equitable training.

However, the preference for traditional methods in
certain scenarios, as noted in the study by Huang et al.
[34], suggests that a hybrid approach may be most
effective. Combining the strengths of digital tools with
the hands-on, interactive nature of traditional train-
ing can create a more holistic and effective educational
experience. This hybrid model can leverage the flexibil-
ity and accessibility of digital learning while preserving
the essential elements of face-to-face interaction and
practical skill development.

Future research should focus on longitudinal studies
to assess the long-term impact of digital and blended
learning on clinical skills and professional competen-
cies. Exploring the optimal balance between digital
and traditional methods and understanding the fac-
tors influencing student preferences and learning out-
comes, will be critical in shaping the future of medical
education.

Strengths and limitations

Strengths of our review included the diverse range of
studies from various countries and studied interven-
tions. This diversity enhances the generalisability of
the findings across different educational contexts and
healthcare systems. Additionally, the use of rigor-
ous inclusion criteria and detailed risk of bias assess-
ment, using the QuADS tool, ensures the quality and
reliability of the synthesized evidence. However, the
review also has limitations. The heterogeneity of the
included studies, in terms of interventions, outcomes,
and assessment methods, complicated direct compari-
sons and synthesis of results. The variability in study
quality, as indicated by the wide range of QuADS tool
scores, suggests that some findings should be inter-
preted with caution. Additionally, high dropout rates in
several studies may have introduced bias, affecting the
robustness of the conclusions. The lack of detailed cost
analyses in most studies limits the ability to fully assess
the economic impact of digital learning interventions.
Despite these limitations, the review provides a com-
prehensive overview of the current landscape of digital
learning in medical education and identifies key areas
for future research and improvement.
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Conclusions

The findings of our review suggest that digital and
blended learning methodologies may offer benefits in
medical education, particularly in terms of knowledge
acquisition, confidence building, and engagement. The
effectiveness of these approaches varies depending on the
skill being taught and the specific educational context.
The integration of traditional and innovative teaching
methods appears to offer the most comprehensive learn-
ing experience, underscoring the importance of a mul-
tifaceted approach to medical education. Future studies
should look at the relative efficacy of the different digital
modalities.
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