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ABSTRACT

Technology-enhanced learning (TEL) in
medical education is becoming increasingly
popular because it reorganizes teaching
and learning dynamics, incorporates various
learning media for content delivery, and
provides synchronous and non-synchronous
interactions in group and individual learning.
This article aimed to evaluate the usefulness
of TEL models in undergraduate medical
teaching. In our review of TEL in medical
education, we posed three research questions
to analyse its effectiveness in undergraduate
medical education, which are: (a) What are
the TEL modalities used in undergraduate
medical education? (b) How does technology-
enhanced blended learning impact students’
engagement, knowledge gain,  skills
acquisition, and changes in perception and
attitudes? (c) Is e-learning (Moodle) more
effective than othertechnology-assisted online
learning platforms in medical education?
In the review, we have seen the evolution
and development of TEL; its advantages and
strength over traditional learning, especially
in medical education, have been reiterated.
As the various modalities undergo further
research and develop more sophisticatedly,
TEL learning would play a bigger role as
mainstream later to replace the full traditional
learning. Thus, educators, institutions and
policymakers must be prepared and invested
in the necessary financial, time and manpower
resources to embrace the coming tide, to
ensure successful incorporation.
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INTRODUCTION

With the advancement of web-based
technologies in education, an innovative type
of learning has recently drawn the attention
of educators’eye. Blended learning (BL) theory
includes the incorporation of traditional
classroom  methods with  technology-
enhanced learning (TEL), which involves
the use of information and communications
technology (ICT) (Garrison & Kanuka, 2004).
The use of TEL in medical education is
becoming increasingly popular because it
reorganizes teaching and learning dynamics,
incorporates various learning media for
content delivery, and provides synchronous
and  non-synchronous interactions in
group and individual learning. As a result, it
allows medical education to be developed,
scheduled and conveyed through the
integration of physical and virtual instruction.
There are many potential benefits in TEL
compared to traditional courses. Firstly, it
provides more control over students’ learning
and helps in fostering students’ innovative
and critical thinking which leads to improved
achievements and levels of satisfaction as
well as yields a stronger sense of community
among students (Al-Qahtani & Higgins,
2013). It can be in a one-on-one or small
group instructional setting. Furthermore, the
content of learning is selectively customized
and suited to each individual so that learners
only work on relevant subjects. As a result,
TEL combines the best aspects of online and
instructor-directed learning.

Many TEL models essentially switch
forward and backward without enabling
students to make substantial connections
(Brooks et al., 2016). For TEL to encourage
students’ engagement and deeper learning,
innovative technology and practices need to
complement traditional classroom instruction
and vice versa. TEL used in medical schools
should not only be viewed as only a teaching
strategy that allows greater flexibility and
creativity but as one that is far more effective

than traditional methods. Hence, this article
is aimed to evaluate the different TEL models
which are being used in medical teaching for
undergraduate medical students. In our review
of TEL in medical education, we posed three
research questions to analyse its effectiveness
in undergraduate medical education, which
are: (a) What are the TEL modalities used in
undergraduate medical education? (b) How
does technology-enhanced blended learning
impact students’ engagement, knowledge
gain, skills acquisition and changes in
perception and attitudes? (c) Is e-learning
(MOODLE) more effective than other
technology-assisted online learning platforms
in medical education?

RQ1: What are the TEL modalities used in
undergraduate medical education?

Web-based medical education was first
reported in 1992, using 30 years of computer-
assisted instruction as its foundation (Hungary
& Tempus Consortium for a New Public, 1992).
Computer-assisted instruction is claimed to
exceed traditional educational methods and
text-based lectures for various reasons such
as control over the flexibility of time and place
of learning (Piemme & Blumenthal, 2016),
enhancement of learning, reasoning, and
efficiency (Clayden & Wilson, 1988; Henry,
1990). In the beginning, blended learning
(BL), a rather vague term, was used to
broadly describe a variety of technologies and
pedagogical methodsinvarying combinations.
With the publication of the first Handbook
of BL, the term BL became more concrete.
The author challenged the ambiguity of the
term’s definition and defined “BL systems”
as learning systems that “combine face-to-
face instruction with computer-mediated
instruction” (Bonk et al., 2012; Osguthorpe &
Graham, 2003). In medicine, BL is commonly
practised as the mixture of e-learning with
student-patient-tutor experience (Duque et
al., 2006), successfully infusing two archetypal
learning environments with expected better
end-result in terms of students’ learning and
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fulfilment. Some of the different modalities
that are commonly used in TEL include
virtual models, simulations, multimedia and
electronic devices.

Virtual model or virtual reality, as
suggested by its name, allows user interaction,
involving five senses, through a computer-
generated real-time simulated environment
(Burdea & Coiffet, 1994). From the perspective
of medical and healthcare education,
simulation is often utilized as a technique,
device or activity to teach and enhance the
knowledge and skills of students by replicating
and imitating real-world experiences and
characteristics. Simulation is used to hone
a certain set of skills which amplifies its
potential as an educational tool (Nagle et al.,
2009). Online resources or online learning
is another commonly used modality in BL.
Online learning is the result of the continuous
evolution of computer-assisted instruction
(Haag et al, 1999). This modality can be
delivered through a variety of multimedia
and electronic mediums such as laptops and
mobile phones. The Web is used as a platform
to deliver teachings in different formats such
as texts, graphics, audio, video, animations,
email, discussion boards, and testing. Online
learning sessions are usually “on-demand” or
self-directed, though it is not uncommon to
include web-based teleconferencing (audio
graphics), synchronous chats or similar
technology (Gray & Tobin, 2010). There
are several technical advantages of online
learning, namely universal accessibility, ease
of updating content, and hyperlink functions
that allow cross-referencing to other resources
(Haag et al., 1999).

Multimedia and electronic devices are
othermodalities thatactasdelivery mediain BL
and technology-enhanced learning curricula.
In today’s age, handheld mobile devices
are the universal norm. Therefore, it is not
surprising to learn of the incredible potential
that these devices possess and how they can
be utilised in the education sector. The term

M-Learning or Mobile Learning refers to the
utilization of mobile technologies in teaching
and learning (Gray & Tobin, 2010). We can infer
the term “mobile technologies”in several ways,
including some or all of the following gadgets:
mobile phones, smartphones, such as either
iOS or Android phones, personal digital
assistants, netbooks, notebooks and laptops,
tablet PCs, MP3 players, e-book readers such
as Amazon’s Kindle and Sony’s e-book (Sharma
& Barrett, 2010). With the advancement of the
“mobile age’, training and studying can be
done at any time and any place. Interactive
online exercises, such as quizzes, listening to
podcasts or watching video podcasts are some
examples of training that can be done through
this technology. In some cases, the sharing
of information is almost instantaneous.
Certain technologies that are available in
these electronic devices such as Bluetooth
can be utilized by educators to transfer and
share information with all students (Sharma &
Barrett, 2010).

RQ2: How does technology-enhanced
blended learning impact students
engagement, knowledge gain, skills
acquisition and changes in perception and
attitudes?

4

Technology-enhanced, student-centred
learning environments are often conducted
in the problem-solving form or an orienting
goal that helps to mould interrelated learning
themes into meaningful contexts. This
method also enables individuals to explore
their unique learning interests and needs
and provides an interactive medium for them
to study multiple levels of complexity and
deepen their understanding. Technology is
utilised to enable flexible methods that are
used in establishing environments that enrich
thinking and learning (Hannafin & Land, 1997).

A systematic review conducted by (Ohn
et al,, 2020) highlighted that TEL is better than
traditional learning with regards to knowledge
gain and skill acquisition, as well as providing
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higher student satisfaction which represents
blended learning in a positive and promising
light in time. A comparative study (Bock et
al., 2021) indicates that blended learning
in teaching local anaesthesia improves the
learning outcome for theoretical knowledge
more than either face-to-face learning or
e-learning alone. For acquiring practical
skills, blended learning is as effective as other
teaching methods.

A study based on survey questionnaires
uncovered that students reported the utilization
of a blended mode of education, including
computer-assisted learning with the use of the
internet, multimedia, online lecture notes and
quizzes, alongside F2F lectures, group work and
practical projects, was beneficial and promoted
a better quality of education (Frehywot et al.,
2013). It is inferred that BL using technology is
an effective medium in the current era of time
to foster medical knowledge and enhance
practical competencies. Another finding by
(Nartker et al., 2010) inferred that BL methods
provided professional development that
further encourages the retention of current
health workers.

Similarly, another study also showed
that the majority of students enrolled in a
blended drug information and literature
evaluation course agreed that the use of
technology such as pre-recorded videos, saves
time and allowed the space for more useful
face-to-face interaction and equal educational
value as traditional didactic learning (Suda
et al,, 2014). In addition, a study by Lapidus
et al. (2012) demonstrated positive student
feedback in favour of a blended course in
comparison to the traditional approach in a
drug literature evaluation course. Mirroring
the principles of adult education, BL allows for
better responsiveness and greater flexibility in
the teaching and learning process (Lewin et al.,
2009). The incorporation of online instruction
further helps to overcome the limitations
of time and space and eases teachings that
involve complex instructions and have

wider reach without increasing resource
requirements thus making distance learning
possible (Gray & Tobin, 2010). The integration
of technology into pedagogy enables flexible,
learner-centred teaching and leads to more
positive communication between students
and educators, thus facilitating better
collaboration and relationships (Ellaway &
Masters, 2008).

RQ3: Is e-learning (Moodle) more effective
than other technology-assisted online
learning platforms in medical education?

Online learning or e-learning is an educational
format which is driven through computer
networks (Kearsley, 1999). The advent of
e-learning has opened the world to distance
education, allowing globaleducationaccessand
allowing people from the most remote areas to
have access to high-quality education materials
(Smaldino et al, 2004). The technological
weightage of e-learning is undeniable with
its universal accessibility, and ease in linking
multiple sources and syncing information thus
creating an interconnected maze of information
(Haag et al., 1999). E-learning addresses the
rigidity faced by students in terms of time and
place and allows much-needed flexibility by
making knowledge available at all times and
places (Hannafin, 1984). This allows students
to have control of their learning process in
accordance with the constructivist learning
theory (Chumley-Jones et al., 2002).

Often, the major plus points for online
learning are increasing the availability of
study materials to those who cannot access
it traditionally or to students who choose not
to attend traditional lectures, managing the
delivery of content in a more cost-efficient
manner, and/or providing opportunities for
students to train under-qualified instructors
who are otherwise inaccessible. Advocates of
online learning further argue that this web-
based learning medium will be easierand more
practical to embrace due to the vast advances
in current technology’s support in creating an
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interactive channel where social networking,
collaboration and reflection can be practised
to elevate the learning experience to that of a
normal classroom environment (Rudestam &
Schoenholtz-Read, 2003).

Despite the promising advantages of
online learning, it has its share of downfalls
as well. Online learning has its limitations
in engaging students unless they are self-
motivated active learners (Daniels & Moore,
2000) and can organize their study plans well
(Oh & Lim, 2005). Furthermore, students may
feel isolated and lack a sense of belonging
during online learning sessions, leading to
an absent communal mentality and obsolete
peer relationships. In contrast, BL is propelled
towards overcoming these shortcomings of
online learning and creating a cohesive and
wholesome education plan using various
instructional approaches to enhance the
student’s knowledge, experiences and
satisfaction. Some of the reasons why BL
is preferred over online learning include
improved pedagogy, increased accessibility
to knowledge and ease of revision of the
contents, and better interactions between
students as well as with their trainers due to
the personal presence and cost-effectiveness
(Osguthorpe & Graham, 2003).

A study by Lim et al. (2007) revealed
that student groups that were taught using
both the online and BL formats respectively
did not show any significant differences in
the mean scores for perceived and actual
learning and retention, while all students,
regardless of teaching format indicated a
significant increase in perceived and actual
learning before and after the course. It is
further elaborated in the study that students
in the online learning group reported more
workload and less learning support in
comparison to their BL peers. This finding
further echoes the importance of students’
psychological state in a blended and online
learning environment in which students may
feel like they lack a sense of belonging in the

latter learning environment leading them to
feel unsupported and burdened with a heavier
workload compared to their counterparts in
the BL environment. Students also feel that the
BL format provides clear instruction due to the
presence of a facilitator.

As one of the most widely free open-
source e-learning platforms, Moodle enables
the creation of a course website that ensures
access only to enrolled students, utilizing
various modes of knowledge dispersion,
communication and student assessment
processes (Costa et al, 2012). A modular
object-oriented dynamic learning experiment
(Moodle) was assessed in a physiology course
at the University of Montenegro in 2016. Forty-
nine students were recruited for the study.
During practical classes, a great number of
laboratory exercises were replaced by video
clips and laboratory simulations, replacing
45.5% of the total practical classes. Students
are still obligated to personally perform those
physical examination skills. This learning
model increased the interest of students, and
attendance of face-to-face lectures and can
improve communication among students and
course instructors. It diversifies the means of
student assessment and allows the instructor
to give comments to the students on time and
efficiently (Felder et al., 2013; Sun et al., 2008).

A study by Popovic et al. (2018)
compared a group of students who attended
the physiology course before, with a group
of students who attended the physiology
course after the Moodle platform was
fully implemented as an educational tool.
Formative and summative assessment scores
were compared between these two groups.
The impact of high vs. low Moodle use on
the assessment scores was analysed. The
satisfaction among Moodle users was assessed
by the survey.The study found that attendance
at face-to-face lectures had a positive impact
on academic performance. The introduction
of Moodle in the presented model of teaching
increased the interest of students, attendance
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of face-to-face lectures, as well as formative
and summative scores. High frequency of
Moodle use was not always associated with
better academic performance, suggesting that
the introduction of a new method of teaching
was most likely equally accepted by low- and
high-achieving students. Most of the students
agreed that Moodle was easy to use and it
complemented traditional teaching very well,
but it could not completely replace traditional
face-to-face lectures. The study supports
continuing the use of web-based learning in
a form of blended learning for physiology, as
well as for other courses in medical education.

The findings were in accordance with
other reports and might suggest that all
students (low and high achievers) accepted
the introduction of Moodle with a similar level
of interest and motivation (Gazibara et al.,
2015; Seluakumaran et al., 2011). It is possible
that Moodle use only affects a subset of the
student population in the university and the
attractiveness of the module decreased with
time (Antonoff et al., 2016).

CONCLUSION

In a nutshell, as we have seen the evolution
and development of TEL, its advantages and
strength over traditional learning, especially
in medical education, have been reiterated
time and again. As the various modalities
undergo further research and develop
more sophisticatedly, TEL learning would
play a bigger role as mainstream later to
replace the full traditional learning. Thus,
educators, institutions and policymakers
must be prepared, and invest in the necessary
financial, time and manpower resources to
embrace the coming tide, to ensure successful
incorporation. Researchers have an important
role to play as well, as more studies should be
done to compare and evaluate the strength
and weaknesses of the various modalities,
thus enabling adaptation and utilization of the
individual modalities for maximal benefit in
different settings and requirements.
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