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Medical education – much as the rest of the
education world – has undergone significant change
in the digital age. Whether through online textbooks
and modules, computer-based exams, or video
lectures, medical students today are expected to
learn from a variety of technology-enabled
modalities. Moreover, with the advent of these new
modalities, many medical schools have shifted
toward a “flipped classroom” model for learning.1,2
This approach calls on students to learn and prepare
independently – often from self-guided, digitalized
tools – before attending live classroom sessions. This
cultural shift is calling on medical educators to rethink
and revamp their pedagogical toolbox.
As medical students who are “coming of age” during
this transitional time, we have had first-hand
experience with the good and the bad of medical
education, whether in-classroom or online. We have
witnessed the ways in which “traditional” lectures
can captivate an audience or induce narcolepsy, and
conversely, the ways in which an online module can

be an enjoyable exercise or a dreary chore. We would
argue, however, that in many cases it is not the
lecture content or the presenter’s efficacy that are at
fault for poor learning outcomes, but rather the
inattentive design of the presentation material.
There is, of course, a science to teaching: pedagogy.
And in the medical education world, we are fortunate
to have brilliant professors and researchers who –
beyond their medical and scientific training – have
taken it upon themselves to earn advanced degrees
in education. What is perhaps lesser known is the
pedagogy of online education, such as effective
multimedia design. In his book, Multimedia Learning,
educational psychologist Richard Mayer outlines key
principles to guide the development of online
materials (Table 1).3 Mayer’s work describes an
evidence-based approach to improving learning
outcomes from digitalized multimedia presentations.
And, most importantly, there is evidence that these
principles improve the retention and transfer of
knowledge in core curricular medical school lectures.4
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Table 1. Summary of Mayer’s multimedia design
principles5
Principle

Definitiona

Coherence

Exclude extraneous words, pictures
and sounds

Pre-Training

Ensure students possess prior
knowledge about names and
characteristics of the main concepts

Spatial
Contiguity

Present corresponding words and
pictures in close proximity to one
another

Temporal
Contiguity

Present corresponding words and
pictures simultaneously rather than
successively

Signalling

Highlight important words

Redundancy

Pair animation and narration
together without on-screen text

Voice

Use non-accented human spoken
voice for narration over a machine
simulated or foreign-accented
human voice

Personalization

Employ conversational style,
instead of formal, to present words

Segmenting

Offer narrated animation in learnerpaced segments rather than a
continuous unit

Modality

Pair animation and narration
together instead of pairing
animation and on-screen text

aDefinitions

reproduced from AAMC-IIME’s Effective Use of
Educational Technology in Medical Education.6

While many of these principles may seem like
common sense, it is surprisingly easy to find examples
of where they are not applied, not applied well, or not
applied with explicit intent. This is where our research
comes in.
Our goal was to better understand how online
education – and in particular, online lectures – has
been utilized in medical schools internationally. To
that end, we completed a scoping review on the topic.
We included English-language articles about
undergraduate medical education, with a focus on
lectures that are didactic and whose primary purpose
is to teach or review content. We specifically excluded
other forms of online learning, namely non-lecture
modalities such as case-based learning or interactive
online modules.7
Our results ranged from confirmatory to startling. As
we suspected, online lectures are employed broadly

in medical schools around the world and incorporated
into both basic sciences and clinical skills teaching.
Their perception by students is generally positive.
Alarmingly, of the 45 studies we included, a
worrisome majority did not comment on any specific
development strategy (44%) or simply rehashed
previous recordings of live lectures (22%). Only three
studies (7%) mentioned the intentional consideration
of multimedia design principles as part of their
development process.7
Our work confirms that medical education is adapting
to the digital age, but raises concerns over the lack of
a rational or evidence-based process through which
this transition is occurring. It is not enough, we would
argue, to simply digitalize lectures or flip classrooms;
rather, this should be an evidence- and principlebased transformation. We need to make best practice
the common practice.
The world of online learning is still relatively nascent,
and many medical schools are in the process of
adapting their classrooms to these cultural and
technological reforms. It is our hope that medical
educators and curriculum developers come to
recognize the inherent potential of these new
learning modalities and apply evidence-based design
principles to the creation of online learning materials.
As students and aspiring educators, we are excited to
see what changes the coming century will bring to the
training of tomorrow’s doctors.
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