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Abstract
Problem presentation in problem-based learning can include the use of videos and interactive virtual patients. This review scopes
the literature for this variation and what benefits or pitfalls there may be to their use. Themes indicate that videos and virtual
patients may better prepare students for future difficult clinical interactions, while also increasing authenticity and memorability
of cases. Findings are more inconsistent in determining whether they lead to clear knowledge or critical thinking gains. Despite
inconsistent data, in an age where the use of technology is inevitable, the findings of this scoping review can inform future
practice and guide innovation.
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Introduction

Problem-based learning (PBL), although now widely adopted
at medical schools across the country and world, had its begin-
nings roughly 50 years ago [1]. Born out of the frustrations of a
“boring” traditional lecture-based curriculum at McMaster
University in Canada, PBL was a novel idea that encouraged
students to engage in active learning [1]. Servant-Miklos, in her
research of the historical beginnings of PBL, wrote that the
principles laid out by its founder included small-group learning,
a focus on patient-centered problems, limited lecture-based
teachings, and overall flexibility in structure [1]. Barrows fur-
ther defined PBL as having five major components that includ-
ed learning that was (1) student-centered, (2) occurred in small
student groups, (3) utilized teachers that were facilitators or
guides, (4) used problems to provide focus and stimulus for
learning and for the development of clinical problem-solving

skills, and (5) emphasized self-directed learning to gain new
information [2]. The historical tenants of PBL encourage the
question that guides this review: how has technology mediated
the ways in which PBL is conducted?

In more recent years, the use of technology in medical edu-
cation has become essential given the need for distance learning
(for instance, during stay-at-home directives), the increasing
quality of online third party materials, and the amount of
knowledge that has increased exponentially. Some computer-
based interventions in medical school curricula have included
the use of virtual small group sessions, online pre-recorded
lectures and other materials, use of video to supplement patient
simulations, and the use of “virtual patients” (VPs) to encour-
age decision-making through simulating a real patient-
encounter [3]. As Ellaway writes, “there has been a prolifera-
tion of personal digital devices in recent years, to the point that
(digital) technologies have become a near-ubiquitous presence
in the training of tomorrow’s doctors” [4].

Technology can be used within medical education as a way
to mediate the learning process. Thus, a term such as “tech-
nology enhanced learning” highlights the importance of tech-
nology being seen as a means to an end, not the end itself [4].
Ellaway writes of the concept of “blended learning,” stating
that technology mediation is “entangled with other types of
mediation” and that there is some evidence to suggest that a
blended approach leads to better learning outcomes [4].

Technology mediation in PBL has not been extensively
reviewed, though technology certainly has been “blended”
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into PBL in different ways. This paper aims to summarize
through a scoping review how video and VPs have been
used in the presentation of the problem (or “trigger”) in
PBL. As Charlin et al. wrote, problem presentation is one
of 10 dimensions through which the execution of PBL can
vary from practice to practice [5]. Therefore, in a time
where technology is heavily used, this review aims to better
clarify another means in which it facilitates PBL in under-
graduate medical education. It is guided by the overarching
question: how are videos and VPs being used as triggers in
PBL cases designed for undergraduate medical students? A
secondary question is what are some of the benefits and
outcomes of using these triggers, if any, within both quan-
titative and qualitative domains? Lastly, in the hopes that
this review will inform future practice, what are some chal-
lenges to consider in the use of video or VP triggers in
PBL?

Methods

Four steps were taken to conduct this scoping review, as
outlined by Arksey and O’Malley’s and Levac et al.’s proto-
cols: identifying the research question, identification of rele-
vant studies, study selection, and chart, collate, and summa-
rize report results [6, 7].

Identification of Relevant Studies A research team of three
qualified and experienced individuals reviewed potential da-
tabases to query, and selected the following based on database
reputation and content relevant to medical education:
PubMed, PsycINFO, CINAHL, MEDLINE, and ERIC.
Supplementary Table 1 includes detailed search terms for each
database and the number of results that were yielded. Most
were a variation of (“problem-based learning” AND “video”)
or (“problem-based learning” AND “virtual patients”).
Consultation with a health information scientist confirmed
the use of our search terms and database selection as relevant
to the scope of our study.

Study Selection Figure 1 details the study selection process.
After the databases were initially searched, titles and abstracts
were collated into a data collection sheet. This was then given
to each of the three authors who served as screeners and re-
viewers (NN, GN, RF). The abstracts were screened indepen-
dently using the same inclusion and exclusion criteria. After
studies were selected through this initial abstract screen, full-
text versions of the articles were then obtained and again
screened independently by the same authors, using the same
inclusion and exclusion criteria.

Inclusion and Exclusion Criteria Studies selected for this scop-
ing review were research studies only, with an included

methodology section. The population studied was deemed
appropriate only if it included medical students in the under-
graduate phase of their training. All articles that encompassed
graduate medical education were excluded. In review of the
methodology, only articles that included a traditional defini-
tion of PBL, including the five major components outlined by
Barrows, were deemed appropriate [2]. Lastly, only articles
after the year 2000 were considered.

A “snowball” technique was also used, where the refer-
ences of each full-text article that passed the initial screenwere
hand searched for relevant studies to be included in the review
based on their title, before assessing whether they met inclu-
sion and exclusion criteria [8, 9].

Charting the Data After the study selection process was com-
pleted, two authors (NN and GN) read each article in full and
used a data collection sheet to chart data that was relevant to
each article, including authors, type of study (quantitative or
qualitative), sample size, year of undergraduate medical edu-
cation, study location, types of comparisons that were made,
and main findings.

Collating, Summarizing, and Reporting Results Two authors
(NN and GN) read the articles in full and performed a thematic
analysis, in accordance with methodologies outlined by Pham
et al. [10]. The identification of themes was guided by the
process discussed by Braun and Clarke [11]. Through adjudi-
cation sessions, both authors (NN and GN) met to discuss and
collate their independently identified categories into key over-
arching themes, before summarizing and reporting results.

Results

Description of Included Studies Table 1 below summarizes
the main comparisons made by each article. Table 2 gives
details about how PBL cases were accessed by students.
Some variations included PBL cases conducted synchronous-
ly via video conferencing or in-person, or asynchronously
using web-based applications. Table 3 outlines major charac-
teristics of each of the included studies.

Key Themes

Using Videos and VPs in PBL Can Help Mediate the
Difficulty of Future Clinical Encounters

The type of PBL cases that utilized VPs or video problem
presentation spanned multiple organ systems and basic sci-
ence topics. However, some of the cases helped better prepare
students for what they perceive as difficult real-life patient
interactions, such as those involving patients with a mental
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health diagnosis or newborns with a variety of disorders [16,
17, 19, 28, 29]. Kamin et al. chose to focus on a pediatric case
of newborn altered mental status for their third-year students,
indicating that students have limited opportunities to work
with a variety of pediatric patients depending on the season
[19]. Therefore, they may not have the opportunity to gain
sufficient knowledge and skills in areas such as “child abuse,
genetic disease, and adolescents during a pediatrics clerk-
ship,” thus making the argument for the utility of video-
cases as an adjunct to real-life clinical exposure [19]. Lajoie
et al. also used cases to break “bad news” to patients virtually,

mentioning how doing so could pave the way for future tele-
medicine interactions with patients [20].

The Effect of Video and VPs on Deep or Critical
Thinking Is Debated

There is conflicting evidence of whether VPs or video prob-
lem presentation in PBL can evoke critical thinking skills. In a
randomized crossover study of video-based versus text/paper-
based PBL, video cases led to significantly lower levels of
deep thinking, especially when students were engaging in
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Fig. 1 Identifying relevant
studies

Table 1 General categories of
articles based on primary
comparisons made

Category (comparisons made) Citation references

Video versus text/paper—PBL [12–20]

Virtual patient versus text/paper—PBL [21–27]

Video patient case-based learning as an adjunct to clinical skills teaching [28]

(Video and virtual patients) versus text/paper—PBL [29, 30]

Video or virtual patients versus standardized patients in PBL [31]
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problem exploration [12]. Woodham et al. noted similar find-
ings [30]. Conversely, multiple studies have found higher
levels of critical thinking with VPs in PBL [19, 20, 29].

Several of the articles that used video problem presentation
(whether within a VP module or not) indicated that clinical
reasoning was enhanced [13, 17, 29]. Kleinert et al. showed
that students summarized their diagnosis and identified an
appropriate therapy better after exposure to VP cases [22].
However, Raupach et al. found no difference in clinical

reasoning in their experimental asynchronous VP PBL group
[25].

Videos Might Increase Cognitive Load of Learners

Of note, one disadvantage to varying forms of problem pre-
sentation is related to cognitive load theory. In a study by Basu
Roy and McMahon, critical thinking was suppressed among
students experiencing video problem presentation [12]. This

Table 2 Ways in which PBL
cases were accessed by students Access method Citation reference

Synchronous In-person: web-based or streamed [12, 14–17, 21–24, 26, 27, 30, 31]

In-person: CDs, DVDs, or CD/Web-hybrid [13, 18, 19, 28]

In-person: mobile application [29]

Remote: video-conferencing [20]

Asynchronous Remote: web-based [19, 25]

Table 3 Included studies and their associated characteristics

Citation
reference

Type of study Sample size Undergraduate medical
education year

Location

[12] Research; qualitative 183 (165 students, 18 tutors) 2nd year UK (Imperial College London)

[13] Research; quantitative 263 (237 students, 26 facilitators) 1st and 2nd year China (HKU Li Ka Shing Faculty of
Medicine)

[14] Research; qualitative 21 2nd year Netherlands (Maastricht University)

[15] Research; mixed-methods 100 1st year Pakistan (Aga Khan University
Medical College)

[16] Research; quantitative 226 2nd year Cardiff University

[17] Research; mixed-methods 120 5th year Japan (Chiba University)

[18] Research; qualitative n/a 3rd year USA (University of Colorado)

[19] Research; qualitative 128 3rd year USA (University of Colorado)

[20] Research; qualitative 7 2nd year Multiple

[21] Research; qualitative 44 students; 7 stakeholders Transition year UK (St George’s University of
London)

[22] Research; quantitative 62 3rd year Germany (University of Cologne)

[23] Research; mixed-methods 72 Transition year UK (St George’s University of
London)

[24] Research; quantitative 81 2nd year UK (St George’s University of
London)

[25] Research; mixed-methods 148 4th year Germany (Georg August University
of Göttingen)

[26] Research; mixed-methods 105 (90 students, 15 tutors) n/a UK (Hull York Medical School)

[27] Research; quantitative 34 3rd year Slovenia (University of Maribor)

[28] Research; mixed-methods 60 2nd year USA (University of Hawaii)

[29] Research; mixed-methods 58 2nd year Australia (Bond University)

[30] Research; mixed-methods 145 (119 students, 8 tutors, 18
additional tutors)

Transition year UK (St George’s University of
London)

[31] Research; quantitative 99 2nd year Korea (Inje University College of
Medicine)
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was thought to be due, in part, to the cognitive load required to
work through complex pathophysiology learning objectives
alongside the use of video. They state that the use of video
may require more working memory, thus increasing cognitive
load and potentially less capacity for critical thinking [12].
However, in a different study, Kamin et al. discussed “dual
coding theory,” which states that “the use of visualization
enhances learning and recall” [19]. Dual coding theory would
then support that VPs or videos might actually reduce cogni-
tive load for learners.

Virtual Patients in PBL Enhance Learning Through
Non-linear Decision-making

In a paper case, because the information is presented in a linear
fashion, students are not able to manipulate data or make deci-
sions in the evaluation of a patient. However, several studies
note the unique advantage of cases becoming “branched”when
virtual patient modules are utilized [21–23]. The use of
decision-PBL branched virtual cases allowed students to “ma-
nipulate learning to a higher level,” thus uniquely
distinguishing themselves from paper cases [21].

Videos Augment Authenticity and Memorability

One of the ways students responded positively to the use of
video in PBL was by valuing the ability of videos to increase
authenticity, therefore making the cases more memorable and
increasing motivation [14, 17–19, 26, 29]. One study in par-
ticular suggested that videos enabled students to create realis-
tic mental pictures of patients [14].

Novice Learners Were More Likely to Prefer Paper
Cases Compared to Cases with Video or VPs

Two studies found that first- and second-year students pre-
ferred traditional paper-based cases compared to videos [15,
30]. Woodham et al. found that second-year transitional stu-
dents claimed videos slowed the pace of PBL [30]. Similarly,
Ghanchi et al. found that first-year students thought paper
cases were more effective, “interesting, engaging and helpful
in enhancing group discussion, dynamics and communication
skills” [15]. Other studies looking at more advanced students
past their second year preferred the use of video [17–19].
Similarly, two studies found that third-year students preferred
VPs [22, 27].

Effect of Video or VP Triggers on Knowledge Recall

In some studies, the use of video or VP triggers in PBL in-
creased knowledge recall, and in others it did not. Ikegami
et al. found that recall was no different in their video-group
at six months [17]. Other studies looking at VP use reported

similar findings [25, 27]. Conversely, others found that there
were increases in knowledge retention in students using VPs
[22, 24].

Discussion

This scoping review of video and VP problem presentation in
PBL noted differences in the way PBLs were conducted: syn-
chronous video-conferenced or in-person groups, and asyn-
chronous online modules, as outlined in Table 2. Regardless
of the format, the themes among the studies related to the
nature of the PBL cases, the cognitive effects of these triggers,
and students’ general acceptance and impressions of the
process.

The ability of videos and VPs to augment the intimidating
nature of difficult clinical scenarios was highlighted by the
first theme. This may be a way that these forms of technology
can facilitate learning. Medical teachers might consider this
format of PBL if they are looking to specifically prepare stu-
dents for difficult future clinical encounters, perhaps closer to
the start of their clinical experiences. Further, the addition of
patient videos in PBLmay mimic a telemedicine interface that
is becomingmore widely accepted inmedicine and potentially
important for future doctors to have exposure to in medical
school.

Our review noted that using technology in PBL may or
may not have a negative effect on deep or critical thinking.
As Ellaway points out, “teachers teach and learners learn; it is
how they do these things (and what follows) that is changed
by their use of technology” [4]. Studies that found negative
cognitive effects with video or VP forms of PBL may have
incorporated this technology poorly, or may have done so
with the wrong learners. Early in their medical education cur-
riculum, novice learners may not have the working memory
necessary to extract information from VPs or video, which
may also explain the findings pertaining to the negative effects
of cognitive load and the preference differential between nov-
ice and advanced learners noted in some of the studies. Thus,
future research comparing video or VP use in PBL and wheth-
er they strengthen critical thinking or clinical reasoning, as
well as programs looking to adopt one of these forms of prob-
lem presentation, should take this into consideration.
Programs might also consider using more of a “blended” ap-
proach that has both text and video or VP components, instead
of exclusively one or the other.

Future research interested in studying specific outcomes
such as knowledge acquisition and retention should also con-
sider measuring outcomes directed at the benefits that video or
VPs have to offer [24]. For example, the VP cases that offered
branched decision-making cases might then test learners
based on the ability to make these types of decisions.
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Although there is not enough empirical evidence to support
whether the use of videos or VPs leads to better outcomes for
learners (such as knowledge acquisition, retention, and clinical
decision-making), studies did provide evidence for increased
authenticity of cases. This may be particularly appealing to adult
learners, especially through an andragogical lens that states real
and simulated experiences appeal to adults [32]. Medical curric-
ula interested inmaximizing patient-centered learningmight also
benefit from the authenticity that videos and VPs can provide in
PBL cases. A visual, authentic patient-centered approach could
also aid in integrating a patient’s presenting illness script to un-
derlying basic science concepts. Moreover, if institutions are
conducting PBL asynchronously or synchronously over a re-
mote conferencing medium, the need to augment authenticity
as much as possible may be paramount.

Conclusion

PBL has been widely adopted in medical education since its
birth in the 1960s. How PBL is conducted, however, is not
universal from institution to institution. The way in which
problems are presented to students is one of the ways in which
PBL can vary. Technology, in its ability to mediate learning,
has been blended with more traditional ways to present prob-
lems in PBL through the use of VPs or video. Future studies
and more systematic approaches to review such as meta-
analyses may be needed to better understand whether videos
and VPs in PBL lead to more or less critical thinking, clinical
reasoning, or long-term retention. Doing so may also limit
multiple studies conducted at the same location from contrib-
uting to bias, which this broad-based scoping review was un-
able to accomplish. Regardless, this scoping review supports
that videos and VPs in PBL are worth pursuing to help in-
crease the authenticity of cases and better prepare learners for
difficult clinical experiences.
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Glossary

Scoping
review

a research approach that aims to “map the
literature on a particular topic or research
area and provide an opportunity to identify
key concepts; gaps in the research; and

types and sources of evidence to inform
practice, policymaking, and research” [33].

Triggers means of problem presentation within
problem-based learning [13].

Virtual patients
(VPs)

“interactive computer simulation of real-life
clinical scenarios for the purpose of
healthcare and medical training, education,
or assessment” [21].
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