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ABSTRACT

This systematic review was aimed to evaluate
the effectiveness of technology-enhanced
learning (TEL) used in medical teaching for
undergraduate medical students. The objectives
are to (a) identify various teaching modalities
which are used to enhance TEL; (b) evaluate
whether TEL is more effective than traditional
learning (TL) in cognitive and affective learning
domain outcome. The empirical studies were
searched in the following databases: Google
Scholar, MEDLINE, ERIC, ProQuest, Cochrane
Library and Scopus. All papers published from
2008 to 2018 were included. From eligible
studies, the study design, study field, study
population, intervention methods, type of
assessment and learning achievement were
abstracted and summarized the information.
The search results were independently reviewed
by two authors. From a pool of 1384 articles, 43
eligible articles were identified, enrolling 7292
undergraduate medical students examining
comparative study between TEL and traditional
learning. The results showed that there was a
high degree of heterogeneity seen amongst
the included studies in terms of TEL modalities
used. The majority of intervention studies
favoured online resources, while the rest used
various offline multimedia electronic devices,
virtual simulations and blended modes. Overall
findings showed promising data that TEL is
better than TL with regards to knowledge gain
and skill acquisition, as well as providing higher
student satisfaction. In all, the findings present
blended learning in a positive and promising
light in time, particularly where systematic
reviews on technology-enhanced learning in the
field of the undergraduate medical programme
have produced mixed result.
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INTRODUCTION

Traditionally, the instructional method
in medical education has always been in
the form of face-to-face teaching' 2 With
traditional learning (TL), the majority of the
allocated time is devoted to information
transfer from a content expert to a novice
student. The extent to which students partake
with the content is highly variable, although
small-group teaching certainly opens the
window for direct interaction between the
learner and the teacher, permitting immediate
feedback and clarification between the two.
Nonetheless, large-group sessions such as
lectures are often relatively impersonal® and
students may find this approach is not ideal
for their learning*and the status of web-
based education in Saudi higher education
are demonstrated. Three main challenges of
applying blended learning in Saudi higher
education are addressed. One major challenge
to be considered in the implementation of
blended learning in Saudi universities is the
adaptation of this element in the traditional
university culture. Finding the right design
of blended learning is another challenge
that is discussed in detail. Furthermore, the
time issue is considered a crucial challenge
facing blended learning faculty. Practical
recommendations that would facilitate
transition to a blended learning university
environment are presented. It is hoped that
this study will help to provide insight for the
faculties and the decision-makers throughout
higher education in Saudi Arabia. Although
this investigation is specifically related to the
implementation of blended learning in the
universities of Saudi Arabia, we are confident
that the assumptions and recommendations
contained herein will be of great value to
other populations facing similar challenges.
Introduction The Saudi Ministry of Higher
Education has encouraged the use of
information tech-nology (IT. In addition, the
learning process in the traditional setting also
emphasises more on student learning “what”
and not“how”. The primary focus also tends to

be more on completing the required subject
matter quota with minimal to no student
involvement in inquiry-based education and
in solving problems, but rather in tasks set by
the teacher. This leads to low motivation and
the subject matter is “distant” to the students.
Teachers hold an authoritarian role and tend
to dictate the structure of the lesson and
the division of time. The learning process
takes place within a classroom and school
in accordance with a designated timetable,
resulting in students having no flexibility®.

Nevertheless, the past two decades
have seen a revolutionizing transformation in
the innovations of technology and devices,
and the field of medical education must
evolve accordingly to catch up®. Technology-
enhanced learning (TEL) which is used
synonymously with e-learning, does not have a
unique definition. Itis typically used to describe
the utilization of information technology (IT)
to educating and learning students. When
TEL is combined systematically with face-
to-face teaching to increase communication
among students, instructors, and resources, it
is regarded as blended learning (BL)’. Blended
learning, which allows flexibility and creativity,
are nowadays popular teaching strategy in
medical institutions. Although initially met
with scepticism, there has been an increased
acceptance of technology-enhanced blended
learning in the field of medical education®
%and it is ludicrous that any educational
establishment, at any level from school to
the higher education institution, would
consider withdrawing technology from their
curriculum' "' and it is ludicrous that any
educational establishment, at any level from
school to the higher education institution,
would consider withdrawing technology from
their curriculum.

The exact prevalence and beneficial
outcome of the usage of TEL in medical
institutions are yet determined butit wasfound
that most institutions of higher educations
in Malaysia have adequate infrastructure
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for e-learning, equipped with broadband
internet access and some with wireless
mobile computing capabilities™. Globally,
various modalities of TEL resources are being
introduced in medical education, with some
success in their implementation™ - and
novice students often experience difficulty
grasping the complex three-dimensional (3D.
If medical education in Malaysia is to maintain
a competitive edge, it needs to keep abreast of
contemporarydevelopments.Hence,itishoped
that this systematic review would highlight
the impact of TEL on undergraduate medical
education, which may justify its consolidation
into the local medical curriculum. The aim and
objectives of this systematic review are to (i)
identify various teaching modalities which are
used to enhance TEL among undergraduate
medical students, (ii) establish whether TEL
achieves better improvement in a cognitive
learning outcome, (iii) establish whether TEL
achieves better improvement in affective
learning outcome. It was hypothesized that
overall learning effectiveness would be higher
with TEL than TL.

MATERIALS AND METHODS
Search Strategy

The systematic review was carried out
using a comprehensive search strategy with
selection criteria. Two authors (MHO and
KMO) independently searched the empirical
studies in the following databases: Google
Scholar, MEDLINE, ERIC, ProQuest, CINAHL,
Embase, PsycINFO, Cochrane Library, Scopus.
It was conducted in accordance with the
Cochrane  Collaboration guideline™ to
answer the research objectives, risk of bias,
appropriateness of outcome measures
and generalizability of results. All papers
published in English languages from 2008 to

2018 were included in this systematic review.
Search criteria used MeSH terms which are
refined using keywords of published articles.
Search terms are connected using the
Boolean Operators ‘AND’ and ‘OR’ to capture
all relevant article suggestions. A total of 20
synonyms were used to identify key papers
relevant to two concepts in the peer-reviewed
scientific literature i.e. electronic learning
and undergraduate medical education.
These phrases are “undergraduate medical
education” OR “Undergraduate Medical
Students” OR “Clinical-year students” OR
“Pre-clinical year students” AND “technology-
enhanced learning” OR “e-learning” OR “web-
based learning” OR “internet-based learning”
OR “m-learning” OR “computer-assisted
learning” OR “online learning” AND “Traditional
teaching” OR “Face-to-face teaching” AND
“learning  effectiveness” OR  “learning
achievement” OR“cognitive learning outcome”
OR “knowledge gain” OR “skill acquisition” OR
“Affective learning outcome” OR “satisfaction”.
Cross-references were checked from the
selected papers not to miss the hidden papers.
Those duplicated papers were excluded from
the final analysis.

Ethical Considerations

The ethical consideration was not necessary as
this review consisted of a secondary analysis of
published articles.

Study Eligibility

Population, Intervention, Comparator,
outcome and study design (PICOS) framework
for systematic review which has been endorsed
by the Cochrane Collaboration, is used in this
study'. The study considered to include in this
systematic review only if it fulfils all inclusion
criteria and does not meet any of the exclusion
criteria as outlined in Table 1.
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Table 1 Criteria to assess the eligibility by using Population, Intervention, Comparison, Outcome and
Study design (PICOS) framework to be included in this systematic review

Parameter Inclusion criteria

Exclusion criteria

clinical-year students)

Participants All undergraduate medical students (pre-clinical year and/or | Postgraduate medical students

Non-medical students
Nursing students

Intervention Any technology-enhanced learning No technology involved
Comparison Face-to-face or traditional or didactic learning No comparison or control group
Outcomes Level 1 & 2 Kirkpatrick evaluation model' were used to assess

the learning effectiveness or achievement in terms of cognitive
learning outcome (knowledge gain and/or skill acquisition) and/
or affective learning outcome (learning satisfaction).

Study design Quantitative Comparative interventional study design Non-comparative study

Qualitative study

Validity, Reliability and Rigour

This review was conducted in adherence to PRISMA standards of quality of reporting systematic

review and meta-analyses'® (Figure 1).

Records through database
searching after application of
inclusion criteria [n=1273]

Records through hand
searching reference lists
[n=111]

Abstract and Full text reviewed (n= 1384)

Records excluded [n=1341]
Non-intervention study [n=402]

h 4

No control group [n=355]
Postgraduate students [n=222]
Nursing students [n=110]
Non-medical students [n=168]

Studies included in
systematic review [n=43]

Duplicated [n=41]

Figure 1 PRISMA flowchart of the systematic review

Data Extraction and Analysis

From eligible studies, the study subject, study
population, instructional methods, type of
assessment and learning achievement were
abstracted and summarized the information.
Two authors (CZW and BR) independently
reviewed the search results and screened
data using pre-defined extraction templates.
Another reviewer (NPL) was involved where

disagreements arose over the relevancy of
the data. The results were downloaded to
Mendeley where duplicate citations were
removed. Data extraction and analysis were
done using Microsoft Excel’. Descriptive
statistics were described in terms of frequency.
The systematic review was limited by the
presence of selection and/or performance bias
found in some of the selected studies.
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RESULTS

Table 2 shows detail information extracted
from this review. There were 44 published
studies included in the review, a vast majority
of which (33 of them) were Randomized
Controlled Trials (RCT), with the rest being 1
comparative study, 3 randomised cross over
studies, 2 quasi-experimental studies, 2 cohort
studies and 2 mixed methods paper. A total of
7,292 undergraduate students were involved
in the systematic review. A high degree of
heterogeneity is seen amongst the included
studies in terms of TEL modalities used.
Twenty-two out of the forty-three studies
(51%) utilized online resources, which included
online lectures, online courses, e-learning
portals, discussion forums and emails.
Multimedia or electronic devices, including
podcasts, digital game-based learning, CD-
ROM, mobile devices and videos, were used

by 13 studies (30%). Eight studies of the forty-
three (19%) intervened with virtual models,
such as augmented reality and virtual reality
environment, as well as 3D models. As seen,
a wide range of technology was used by the
studies, all in different ways to improve and
enhance medical student learning. Several
individual technologies were mentioned
specifically, such asaugmented VR for anatomy
and histology, Artificial Interface for Clinical
Education, Virtual Microscopy, webcast and
online 3D anatomy module. However, some
studies do not describe their intervention in
detail, making replication of these studies in
other domains difficult. It is also noted that
thirty-nine out of forty-three (91%) studies
were done in the developed countries (United
States, Canada, Europe, United Kingdom, and
Australia); while the remaining four (9%) came
from Asia (China and India), with none from
South America, Africa, and the Middle East.

Table 2 Summary of the study design, population, intervention, assessment and outcomes of the

included studies.

Author (year) Study design Study population | Geographic Numbers of | Study Study Study outcome
location participants | intervention assessment

Ackermann et al. RCT 3rd-year medical Germany 19 Software CD Pre and post-test | 1. X-ray

(2010)® students (Europe) vs traditional interpretation
learning skill: Results

favour TEL
overTL
Allen et al. (2016)" RCT Undergraduate Canada 47 Online 3D Pre and post-test | 1.Knowledge:
medical students neuroanatomy Results favour

interactive TEL overTL
module vs 2. Satisfaction:
traditional Results favour
laboratory module TEL over TL

Amesse (2008)2' RCT 3rd-year medical USA 36 Computer- Post-test 1.Knowledge:

students based learning Results favour

tutorial session TEL overTL
vs traditional
learning

Armstrong et al. RCT 4th-year medical United Kingdom | 21 Interactive Post-test 1. Knowledge:

(2009)% students slide show No significant
vs traditional difference
learning between TEL

andTL
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(DB) education on
pelvic anatomy

Davidson (2011)3 Cohort 1st-year medical Canada 300 Blended online 1. Course 1. Knowledge:
students team-based evaluation survey | Results favour
learning vs with Likert scale | TEL overTL
didactic learning | 2.Examination 2. Satisfaction:
results Results favour
TEL overTL
Ferrer-Torregrosaetal. | RCT 1st-year medical Spain (Europe) 211 Augmented 1. Post-test Knowledge:
(2015)* students reality book vs Results favour
standard sessions TEL over TL
with lectures,
slides, and video
recordings of
cadaveric material
Greenetal. (2011)% RCT 2nd-year medical USA 121 Interactive 1. Post-test 1. Knowledge:
students computer- 2.Questionnaire | Results favour
based program TEL over TL
vs. traditional
learning
Gunnetal. (2017)* RCT 1st-year medical Australia 33 Virtual reality Post-test 1. Knowledge:
imaging students radiology Results favour
simulation TEL over TL
software vs 2. Skill: Results
traditional favour TEL
radiology overTL
laboratory session
Haeur et al. (2009)7p RCT 3rd-year medical USA 303 Web-based 1. Checklist 1. Skills: Results
=.01 students learning vs control | 2.8-item favour TEL
group satisfaction overTL
survey with 2. Satisfaction:
responses on a Results favour
Likert type scale | TEL overTL
llicetal. (2015)% Mixed method 1st-year medical Australia 147 Blended learning | 1.Berlin 1. Knowledge:
students (online plus questionnaire- Results favour
classroom 2. Assessing TEL over TL
plus mobile) Competency in 2. Satisfaction:
vs traditional EBM (ACE) tool - | Results favour
learning 15MCQ TEL overTL
3. Evidence-
based Practice
Question (EBPQ)
, focused group
discussion
Ingrassia etal. (2014)* | RCT 2nd-year medical Italy 524 Blended learning | 1.Pre-test 1. Knowledge:
students (e-learning and post-test, Results favour
plus Problem- simulation TEL overTL
based learning) exercises 2. Satisfaction:
vs. traditional 2. Likert scale Results favour
learning to assess TEL overTL
satisfaction
Javadian & Shobeiri RCT 3rd-year medical USA 745 Internet-based Post-test Knowledge:
(2016)® students (IB) education vs. Results favour
dissection-based TEL over TL
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Jenkins et al. (2008)*' RCT 2nd-year medical USA 73 Computer- Post-test 1. Knowledge:
students assisted No significant
instruction tutorial difference
vs. traditional between TEL
lecture and group and TL
work
Kandasamy & Fung RCT 2nd-year medical Canada 55 Online computer- | 1.Post-test 1. Knowledge:
(2009)*2 students assisted module 2.Questionnaire | Results favour
vs. review article TEL over TL
2. Satisfaction:
Results favour
TEL overTL
Kanthan (2011)* RCT 1st and 2nd-year Canada 114 Digital games vs 1. Pre-test and 1. Knowledge:
medical students no games post-test Results favour
2. Satisfaction TEL over TL
survey 2. Satisfaction:
questionnaire Results favour
TEL over TL
3.Engagement:
Results favour
TEL over TL
Kerfoot & Brotschi RCT 3rd, 4th and USA 115 Online spaced Pre-test and Knowledge:
(2009)* 5th-year medical education vs. post-test Results favour
students traditional TEL over TL
classroom
Kleinert et al. (2015)* RCT 3rd-year medical Germany 62 Virtual simulator 1. Pre-test and 1. Knowledge:
students "ALICE” (Artificial post-test Results favour
Interface for 2.6-point Likert | TEL overTL
Clinical Education) | scale to assess 2. Satisfaction:
vs. control group | satisfaction Results favour
TEL over TL
Kong et al. (2009)*® RCT 5th-year medical China 90 PBL teaching 1. Theoretical 1. Knowledge:
students with digital and case analysis | Results favour
format material examinations TEL overTL
vs. traditional 2. Evaluation of | 2. Skills: Results
learning students’practice | favour TEL
3. Questionnaire | overTL
Langdorfetal. (2018)” | Comparative 4th-year medical USA 468 Team-based 1.50 multiple- 1. Knowledge:
study students simulation choice (MC) Results favour
learning/Flipped | format questions | TEL overTL
classroom vs. 2.20 rhythm-
didactic lecture matching
for ACLS questions
3.7 fill-in
management of
simulated cases.
Lewis etal. (2011)% RCT 2nd-year medical Canada 39 Access-to- 1. Final 1. Knowledge:
students localization tool examination Results favour
exploring cranial | scores TEL over TL

nerve lesions vs.
control group

2.Questionnaire

2. Satisfaction:
Results favour
TEL over TL
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Miller (2016)* RCT 1st-year medical USA 265 Comparing Class Knowledge:
students dissection of examination Results favour
donor cadavers results TEL over TL
(qC), manipulation
of digitized 3D
holographic
renderings (qH)
and examination
of plastinated
specimens (qP)
Mione et al. (2013)% Randomised cross | Undergraduate Belgium 199 Virtual microscopy | Pre-test and Knowledge:
over design medical students (VM) vs. Light post-test with No significant
microscopy (LM) crossover difference
between TEL
and TL
Montassiera et al. RCT 5th-year medical France 89 ECGonline ECG 1. Knowledge:
(2016)" students module vs. interpretation No significant
traditional score difference
learning between TEL
and TL
2. Satisfaction:
Results favour TL
over TEL
Ochoa & Wludyka RCT 3rd-year medical USA 38 Web-based 1.MCQ 1. Knowledge:
(2008)* students interactive 2. Likert scale Results favour
programme TEL overTL
vs. traditional 2. Satisfaction:
learning No significant
difference
between TEL
overTL
Palmer & Devitt RCT 4th-year medical Australia 130 Interactive 1. Post-test 1. Knowledge:
(2008)* students computer-based 2.Questionnaire | No significant
format with difference
detailed feedback between TEL
vs. standard and TL
lecture material
vs. both
Pickering (2017)" RCT 2nd-year medical United Kingdom | 49 Anatomy drawing | Pre-test and Knowledge:
students screencast vs. post-test Results favour
textbooks TEL over TL
Raupach et al. (2009)* | RCT 4th-year medical Germany 148 Web-based 1. Pre-test and 1. Knowledge:
students collaborative post-test Results favour
teaching module | 2.Questionnaire | TEL overTL
vs. traditional
learning
Raupach etal. (2010)* | RCT 4th-year medical Germany 74 Web-based 1. Post-test 1. Knowledge:
students problem-based 2.Questionnaire | No significant
learning group vs. difference
traditional group between TEL
andTL

10
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Ricks et al. (2008)* RCT 3rd and 4th-year Canada 23 E-learning (web- Post-test 1. Knowledge:
medical students based tutorials) Results favour
vs. traditional TEL over TL
learning
Saltarelli et al. (2014)* | Quasi- 1st and 4th-year USA 165 Model-based Post-test Knowledge:
experimental trail | medical students multimedia Results favour TL
simulation over TEL
learning system
vs. traditional
undergraduate
human cadaver
laboratory
Schreiber et al. (2010)® | Randomized cross | Undergraduate United Kingdom | 100 Video podcastvs. | 1.MCQ 1. Knowledge:
over study medical students live lectures 2.Questionnaires | No significant
to assess difference
satisfaction between TEL
and TL
2. Satisfaction:
Results favour TL
over TEL
Smits et al. (2012)* RCT 2nd-year medical Netherlands 141 E-learning vs. 1. Post-test 1. Knowledge:
students traditional 2.5-point Likert | No significant
learning scale difference
between TEL
and TL
Stolz et al. (2012)% RCT 3rd-year medical Switzerland 129 E-learning vs. 1. Post-test 1. Knowledge:
students traditional 2.12-item OSCE | No significant
learning difference
between TEL
and TL
2. Skills: Results
favour TL over
TEL
Subramanian et al. RCT 3rd-year medical USA 30 E-learning vs. 1. Post-test 1. Knowledge:
(2012) students traditional 2.Long term Results favour
learning post-test TEL over TL
Stirling &Birt 2014) Randomized cross | 1st-year medical Australia 7 Enriched Pre and post-test | 1.Knowledge:
over study students multimedia eBook Not significant
vs. traditional different
anatomy practical between TEL
session and TL
2. Satisfaction:
Results favour TL
over TEL
Tian et al. (2014)* RCT 2nd-year medical China 229 Virtual microscopy | 1.Post-test 1. Knowledge:
students (VM) vs. Light 2.Questionnaires | Results favour
microscopy (LM) to assess TEL over TL
students’ 2. Satisfaction:
teaching Results favour
preference and TEL over TL
satisfaction

11
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Thompson & Laurie Cohort study Undergraduate USA 1N Virtual histology | 1.In-house 1. Knowledge:
(2017)* medical students module with examination Results favour
multiple results TEL overTL
audiovisual 2. Evaluation 2. Satisfaction:
modalitiesanda | of trendsin Results favour
virtual microscope | performanceon | TEL overTL
platform vs. the histology
traditional and cell biology
laboratory portion of
sessions the United
States Medical
Licensing
Examination
(USMLE) Step 1
Examination
3.Questionnaire
for student
feedback
Truncali et al. (2011)* RCT 1st-year medical USA 94 Interactive 1. Post-test 1. Knowledge:
students multimedia slides | 2. OSCE Results favour
with external 3.Questionnaire | TEL overTL
resources and 2. Skills: Results
videos vs. control favour TEL
group overTL
3. Attitude:
Difference not
tested
Webb & Choi (2014)* | Mixed-method 1st-year medical United Kingdom | 165 Interactive 1. Pre-test and 1. Knowledge:
study student radiological post-test Results favour
anatomy 2. Summative TEL overTL
e-learning module | course 2. Satisfaction:
vs. traditional assessment Results favour
learning by Integrated TEL over TL
Anatomy
Practical Paper
(IAPP)
3. Questionnaire
to assess
satisfaction
Vaccani et al. (2016)" Quasi- 3rd-year medical Canada 148 Webcast vs. 1.Post-test 1. Knowledge:
experimental trial | students traditional live 2.Questionnaire | No significant
lectures on students’ difference
responses between the two
groups
2. Skills: Results
favour TEL
overTL
3. Satisfaction:
Mixed results
Vyas et al. (2010)* RCT 4th-year medical India 52 Web-based 1. Clinical 1. Knowledge:
students workshop vs. reasoning Results favour
control group problems (CRP) | TEL overTL
score 2. Satisfaction:
2.Questionnaire | Results favour
TEL overTL

12
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Yeung et al. (2012)* RCT 2nd-year medical

students

United Kingdom

1. Post-test
2. Subjective

78 Online module vs. 1. Knowledge:

control group No significant
difference
between TEL
and TL

2. Satisfaction:

questionnaire
using a 5-point
Likert scale

No significant
difference
between TEL
and TL

ZengRuetal.(2017)* | RCT Medical students China

181 ECGonline ECG
interpretation

1. Knowledge:
Results favour
TEL overTL

2. Satisfaction:

module vs.
traditional score
learning
Results favour

TEL over TL

RCT: randomized controlled trial; TEL: technology-enhanced learning; TL: traditional learning; vs: versus; MCQ: multiple choice question;

OSCE: objective structured clinical examination; ECG: electrocardiogram

Forty-two (97%) selected papers have
studied knowledge as a learning outcome.
Thirty of the forty-two studies (71%) found
that usage of technology-enhanced blended
learning has resulted in significantly improved
knowledge among test subjects. On the
other hand, 12 studies (28%) found that
there is no significant difference while only 1
study (2%) favoured traditional learning over
TEL. Notably, all three studies which used a
blended learning method combining online
learning and face-to-face teaching showed
100% favourable on knowledge improvement
over TL. In addition, a total of 7 papers have
studied skills as an outcome where 6 studies
(86%) have found that use of TEL resulted in
significantly improved skills whereas a single
study favours traditional learning. Next, a total
of 20 studies have taken learner’s satisfaction
into consideration as an outcome. In 15 (75%),
the results favoured TEL over traditional
learning whereas 3 papers (15%) found
learners to be more satisfied with traditional
learning while another 2 (10%) found no
significant difference or mixed results.

13

DISCUSSION

Overall findings of the included studies show
promising data that TEL is better than TL with
regards to knowledge gain and skill acquisition,
as well as providing higher student satisfaction.
A review published in 2012 reported that
blended learning in the clinical education of
healthcare students shows some measure of
improvement in students’ competencies, and
further suggests that the highly contextual,
complex needs of a competent healthcare
graduate can potentially be addressed by
blended learning®®. On the other hand, a
2015 WHO review have suggested that in
terms of knowledge and skill gain, TEL is “no
better and no worse” than traditional learning
for undergraduate healthcare profession
learning®'. However, our review cannot be
entirely compared to the other presently
available reviews, as the reviews lack focus
solely on undergraduate medical students,
including both clinical and pre-clinical groups.
They are either generalized for all fields of
healthcare profession students, or for niche
groups within medical education.
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Amongst the various modalities studied,
online resources are favoured and often
utilized in medical education, because of its
ability to help ‘address issues of educational
equity and social exclusion, and open up
democratic and educational opportunities’s?
and is generally regarded as to provide ease
of access and flexibility, portability, improved
student-teacher contact, and increased
discussions with peers . However, in the
midst of convenience of online resources, it
is warned that decreased access to teaching
physicians, and dependence on the availability
of technology, need to be addressed when
using this modality’. The use of multimedia in
medical teaching is also on the rise largely due
to its ‘special capacity of interactivity and it
achieves its greatness through its interaction,
as well as being able to provide greater
retention of knowledge', at the same time
that electronic devices are playing a growing
role in the academic lives of medical students,
especially in Malaysia®. Virtual model, another
increasingly popular method, is able to provide
a 3-dimensional and dynamic view of the
structures, and focus on user interaction with
the model, thus enhancing understanding of
the anatomical structures and physiological
mechanisms, and providing an ideal platform
for hands-on procedures. es and physiological
mechanisms, and providing an ideal platform
for hands-on procedures.

It has been noted that a mode of
learning’s acceptability is likely to influence
its effectiveness®’. This can be seen from
our reviews as well as, among the 15 papers
that favoured TEL in terms of student
satisfaction, all apart from one demonstrated
a significant improvement in knowledge
or skill. Concurrently, all 3 papers favouring
satisfaction with TL found no significant
improvement in knowledge or skill, as well
as 2 out of 3 paper showing a mixed, or no
significant difference in student satisfaction.
Moreover, it is crucial to note that all 3 papers
that favoured traditional learning, did leave
room for TEL as a useful accompanying tool,

14

as it has been described as non-inferior to
TL*, a useful adjunct to traditional methods*?,
and have an important role in reinforcing
learning and aiding revision*. Thus, for TEL
interventions to work effectively, policymakers
and educators should strive to understand and
address specific factors and aspects of TEL that
positively influences students’ acceptability. It
has been noted that student satisfaction does
not depend on the TEL format alone, but rather
in establishing a strong educator presence in
online settings and building online learning
communities thatfoster positiverelations®.The
overwhelming majority of published papers
on TEL from developed nations highlights the
urgent need for more studies in evaluating and
comparing the effectiveness of TEL amongst
developing countries for better adaptation to
local needs and conditions. In all, while TEL
shows promising results, it is fair to note that
it will play a hand-in-hand role as traditional
learning, as it been expressed by a number
of papers, viewing it as a supplementary tool
alongside rather than a replacement one 6365

CONCLUSION

In all, the findings present blended learning
in a positive and promising light in time
particularly where systematic reviews on
technology-enhanced learning in the field of
undergraduate medical program have mixed
results. Nevertheless, with the advent of
technological advances and the fundamental
increment of the familiarity, experience and
skills of educators in incorporating technology
in teaching, it is just a natural phenomenon
that increasingly complex tools are developed
to support and enhance teaching in the
undergraduate medical field. From the review,
the authors recognize that there is an urgent
need for more TEL evaluation studies to detail
the purpose of TEL interventions and the
assessment and overall approaches adopted,
the economic properties of the interventions,
the specific design of learning materials and to
describe how has technology enhanced and
impacted the students’ learning experience.
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