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SUMMARY

“Transfer” is the application of a previously leachconcept to solve a new problem in another
context. Transfer is a critical, but difficult, damsion of basic sciences education. Limited
understanding of effective interventions in hegitbfessions education (HPE) can hamper
teachers and researchers from enhancing transkearmiing.

This study identifies interventions designed toalep basic sciences knowledge in HPE and
describes their contexts, approaches and outcomies.study also examines evidence of
interventions fostering our understanding of basiences education, and particularly studies

documenting transfer of basic sciences knowleddester clinical reasoning.

An integrative literature review was conducted dentify articles related to basic sciences
teaching at the “undergraduate level” in HPE, mi#d between 1980 and 2015, including
learning outcomes. Articles were selected and suiapthbased on their context, approaches,
and outcomes. Articles reporting interventions tmalhance understanding of basic sciences
education were analyzed.

Out of 9,803 articles initially identified, 78 werelected for further review; ninety-eight
percent (98%) focused on how to introduce the basiences learning concept and the
remaining 2% focused on the practice of multiplemichl problems to teach the learning
concept. The methods of transfer were explore&% 8f the papers. Eighty-five percent (85%)
were practice-based research, 15% were use-inspasid research (i.e., goal of improving
practice and understanding of the phenomenon studieeaching interventions that were
successful to enhance the transfer of basic s@eleaening concepts to clinical reasoning
developed deep conceptual structures of the leguwsoncepts. The development of such deep
conceptual structures was achieved in these stutiiesigh the presentation of causal
mechanisms of clinical features or analogies, aedtactice of multiple problems in multiple

contexts. Factual recall memory tests did not detiéierences in transfer.



Evidence is still lacking regarding transfer ofibasciences knowledge to clinical reasoning in
HPE. A theoretically-grounded focus on transfer asdinderstanding is likely to support the

development of basic sciences education.

Vi



1. INTRODUCTION

Education in the basic biomedical sciences is an@mponent of health professions
education (HPE). Since the Flexner report, it hasnbargued that the importance of basic
sciences education in HPE lies in its role as andation for clinical reasoning in future
practicel™ Although the value of basic sciences educatioHRE has been extensively
discussed, there has been limited discussion onapipeoaches by which basic sciences
education helps students transfer basic scienamsl&dge to inform their clinical reasonifg.
There have been numerous experimental studiesddaus basic sciences education in HPE.
However, in HPE, we still lack an evidence-basedleustanding of approaches for teaching the
basic sciences in order to optimize knowledge fearie clinical reasonin§in particular, there
is limited evidence regarding the teaching methaixd in basic sciences education, the types
of outcomes assessed, and most importantly, whdthsic sciences education has been
successful in helping students transfer their basiences knowledge to clinical reasoning.
Identifying educational practices that enhance tthasfer of basic sciences knowledge to
clinical reasoning is critical in helping educatasvelop conceptual frameworks and best
practices for HPE basic sciences curricula and aduc It is vital for the field of HPE to
identify studies which provide insights regarditgdents’ transfer of basic sciences knowledge
to the activity of clinical reasoning. This will lpeboth teachers and researchers in developing
guidelines for translational research and expanttiagevidence base for education approaches
supporting the direct transfer of basic scienceswadge to clinical reasoning. This study
contributes to addressing this need, by condudingview of the literature focused on basic
sciences education in HPE and to systematicallyumhent evidence supporting the
understanding of basic sciences education, anttpliary studies documenting the transfer of

basic sciences knowledge to clinical reasoning.



Since the publication of the Flexner repbbasic sciences teaching has become firmly
established as a cornerstone in HPE curricula. fféditional “2+2” medical curriculum,
comprising two years of basic sciences educatidiowwed by two years of clinical
apprenticeship, was implemented widely in the Whi&ate$ and in Canad&Nevertheless,
some scholars have argued that this model of eiducist insufficient to effectively develop
future physiciang?® With an ever-expanding knowledge base in bas&nseis, this sequential
approach to teaching basic and clinical sciencgsnuotfacilitate the importance and relevance
of basic sciences knowledge likely to support clihipractice.1° On the contrary, it has been
argued that the “2+2” curriculum has the unintendaasequence of masking the value of basic
sciences, while emphasizing clinical knowledge axperience as the basis of future medical
practice. In response to these limitations of ta€2” curriculum, the construct of integration
has been developed as a curricular strdtagybetter link basic and clinical sciences educati
and, therefore, support the value and educatiahalaf basic sciences knowledge. Integration
can be defined as a deliberate process to conisarett elementéto serve curricular goals

and may be applied through interventions implentatalifferent levels of the curriculuth.

Multiple approaches aimed at integrating basic afidical sciences have been
described, but identification of optimal formats iategration still challenges the fieté.
Reports from leading educators and education agemeithe United Stat¥sand in Canada
have recently reinforced the importance of achigvietter integration between basic and
clinical sciences education. The Association ofutees of Medicine of Canada (AFMC) stated
that “the physician of the future requires skiliattwill involve further adaptations and reforms
to our medical systems” and asserted that “bothamuamd biological sciences must be learned
in relevant and immediate clinical contexts thramgithe MD education experienc€”’While
the aspiration for a better integration of basid afinical sciences has been identified, it

remains unclear how to effectively enhance existungicula. Each context is unique and each



curriculum may need specific adjustments. Therefdce better support educators and
institutions in achieving these recommendationis, ilnportant to understand the role of basic

sciences in clinical reasoning.

Research in expert problem-solving suggests tleatdle of biomedical knowledge in
clinical reasoning is predominantly tatitBiomedical knowledge can be retrieved by the
medical expert when prompted, but experts do noésearily require conscious role in clinical
reasoning, especially with familiar problefisThe tacit role of biomedical knowledge in
clinical reasoning results from the mental représéns of diseases in which biomedical
knowledge is encapsulated with clinical knowledgeutgh “diagnostic labels or high-level,
simplified causal models that explain signs andgpms”18 In other words, expert physicians
cluster symptoms into meaningful patterns baseadpiicit pathophysiological knowledge and
a repertoire of experienée For example, if a patient presents with feveryasts, sweating,
toxic appearance, prostration and high pulse'faaovice student may independently process
each feature whereas an expert will automaticdligter these features in the biomedical
concept of 'sepsis’ to solve the problem (i.e.tsysc response of the body to an infectibh).
The concept of ‘sepsis’ encapsulates all the featdescribed and presents a way to explain

them simultaneously, thus facilitating problem-sog*°

The value of basic sciences in clinical reasoningsgbeyond development of static
knowledge structures. Rather, basic science kn@el@rovides dynamic mental structures to
support medical problem-solving. For this reasba research and scholarship focused on basic
sciences education must extend beyond the focesimicular integration of basic and clinical
sciences knowledge to explore how basic sciencasatidn can be developed to support
problem-solving in clinical reasoning. In other wsy the value of basic sciences knowledge

lies in its potential to support the applicatiorf'kfiowledge acquired in one context to solve a



new dissimilar problem in another context”, thudirdag transfer of knowledge to support

clinical reasoning.

The problem of optimizing the transfer of basiesces knowledge to clinical reasoning
presents a complex curricular challenge to HAEansfer of knowledge from one context to
another is important, but transfer of knowledgealiso difficult® Successful retrieval of a
previously learned concept to solve new problempedds on the problem mental
representatidh described by Feltovich et al. as a cognitivecitme using knowledge and its
organization as the bagiin order to use a concept in clinical reasonihg,ttainee must first
effectively characterize the problem; and whenapyglication of the concept to the problem is
completed, the problem is essentially sol®ddhe difficulty in identifying the applicability of
the concept to the problem comes from the fact ‘tinat similarity must be identified at the
level of the deep (conceptual) structérég.g., laminar-turbulent flow in fluid dynamicsrche
identified in both the cardiovascular and the nespry systents). The ability to identify deep
conceptual structures in clinical problems is laditn novices, because they represent problems
by surface structures, whereas experts “see tHg#gmoas an underlying principlé€’ln other
words, when encountering a new problem, a novicengge likely to build his mental
representation of the problem based on contextuglsaperficial cues (i.e., what is visible).
The superficial representation of the problem camisleading as it hampers identification of
the correct basic science concepts to solve thielgaro Conversely, an expert will build his
representation of the problem by abstracting traetging concept that lies below the surface
details, thus facilitating the correct retrievaltb& appropriate basic science knowletfgeor
example, in a physics problem, experts identifi@aservation of the momentum while novices

focused on contextual details such as inclinedgitan

The development of deep (conceptual) structuressfaséer transfer of basic sciences

knowledge to clinical reasoning should thereforalpeimary goal of basic sciences education.



The literature on basic sciences education in HBRecially those interventions that focus on
transfer of basic science knowledge to clinicabogéng, might shed some much needed light
on the education, teaching and learning approatttatamight best support transfer of basic
sciences knowledge to clinical reasoning. Thusyrahesis of what is currently known is

needed to improve our understanding of effectivieruentions that support teachers in
encouraging transfer of basic science knowledgdiniacal reasoning and to aid researchers in

guiding their scholarship in basic sciences edanati

In this paper, we conducted a review of the liten@to identify education interventions
designed to develop basic sciences knowledge in &tfdEdescribe their contexts, approaches
and outcomes. We also sought to explore the availabidence regarding the interventions
fostering our understanding of basic sciences doiugaand particularly the studies

documenting transfer of basic sciences knowledgdinaal reasoning.



2. METHODS

Evidence synthesis constitutes an important cayegioknowledge translation in HPE
research. This study used an integrative reviewgdther evidence from the literature.
Traditional Cochrane-like systematic reviews aresigigeed to answer focused research
questions by collecting and analyzing “all evidetiwat fits pre-specified eligibility criteria®
Moreover, systematic reviews have largely been tsddcument evidence on a wide range of
topics2* but they may not be the most appropriate methmdaliftypes of evidence synthesis.

27 Systematic reviews are designed to provide an ansaevant to a single, empirical, focused
guestion, but are less appropriate if the purpose & the review is to provide a richer
understanding of a phenomenon such as a concepgéntion. Therefore, we conducted an

integrative review.

2.1 Conceptual Framework: Integrative Review
An integrative review is a synthesis methodologt summarizes previous empirical

or theoretical evidence to provide a greater undedsng of a specific phenomenon or
healthcare problerff.Integrative reviews present the current evidesgpport theory building,

and directly apply to practice and poli€y.Integrative reviews have the potential to
comprehensively portray concepts, theories, ortheale problems by the ability to capture the

context, processes and subjective elements oophe t°

2.2 Sear ch Strategy

PubMed, EMBASE, PsycINFO, ERIC, Web of Science, EBBost’s Professional
Development Collection, and CINAHL were used todwxct the literature search based on a

comprehensive search strategy developed collakehaivith a medical informationist.



The search strategy was designed to retrieve an@tirom the intersection of two
concept sets: 1) the basic sciences disciplings @natomy, physiology) together with 2) HPE
categories associated with medicine, dentistrysingr pharmacy and psychology. Filters were
applied to limit citations to those articles pubksl in English or French between 1980 and

2015.

Targeted articles were peer-reviewed original Esicelated to the teaching of basic
sciences at the “undergraduate level” in the hgaibfiessions and including the assessment of
at least one learning outcorffeAdditional inclusion criteria included a comparisgroup, an
explicit randomization of groups, and an interventihat would typically fit within the normal
curriculum (i.e., excluding interventions designixd explore alternative formats such as
intensive trainings or boot camps). Additional esobn criteria comprised of correlational
studies, historical control group, control groupaabther institution, and interventions based
on assessment strategies (e.g., formative testing).

2.3 Selection and Appraisal of Documents
Following the initial database search, the titled abstracts of retrieved article citations

were screened to identify those potentially desegiban intervention in basic sciences
instruction and measures of educational outcomd€ (MDC). Then, selected articles were
evaluated for eligibility and study inclusion bypair of reviewers based on full-text readings

(JMC, MDC). Inter-rater agreement was 91%; disagesds were resolved by discussion.

2.4 Data Extraction and Analysis
Pairs of trained reviewers extracted data for aed\by category (JMC, MDC, JJC,

LS). Any disagreements were resolved by discussioaach consensus.
The context of interventions included the discipline studied (e.g., biochemistthe

profession, and the students’ level in the curdoule.g., first year medical school).



Approaches to teach basic sciences knowledge ves@itded according to the characteristics
of the education intervention and the research agketémployed. Characteristics of the
education intervention were further described l®ywhay to teach the basic sciences learning
concept, and the topic explored in the study (88gdimensional teaching, problem-based
learning). Instructional method used to teach @m@dsciences learning concept was classified
using a rubric that characterized the diverse esfiatelements that support the process of
learning a concept (e.g., laminar-turbulent floWlind dynamicsf, These elements of learning
strategy included: 1) how the concept is introdu@dhe use of concept examples, and 3) the
practice of multiple problems associated with tbacept. Each element of learning strategy
was further subdivided into specific strategiesoading to the rubri€. How the concept is
introduced included the use of analogies, the effemultimedia learning (including the effect
of a medium, single versus multimedia, and contygproximity effect), and the exploration
of the relation between the problem context anctmeept. The use of teaching examples was
divided in single versus multiple examples; andiekgomparison and contrast of the teaching
examples versus no such active process. The praaftimultiple problems was subdivided in
blocked (i.e., one single learning concept) versused practice (i.e., multiple concepts
simultaneously), and massed versus distributedipead-inally, thetopic of the intervention
explored in each study was extracted and mappéuetstudy’s theoretical framework or its

practical aim (Table II).

The type of research method was characterized tas&lokes’ model (Figure $).Stokes’
model classifies research into two axes: applicatmpractice (X-axis) and advancement of
knowledge (Y-axis). The model describes four quaidrancluding pure basic research (i.e.,
theory-based research), pure applied researchfractice-based research), and use-inspired

basic research (i.e., understanding and improviagtjge) also known as Pasteur’s quadrant.



Figure 1. Stokes’ model of science

Adapted from Donald E. Stokes, Pasteur's QuadraBasic Science and Technological

Innovation, Brookings Institution Press, 1997.

Belevance for the advancement of knowledge

t

Use-inspired
Pure basic basic research
research (Pasteur s
quadrant)

Pure applied
research

-

Relevance for immediate application

Outcomes were categorized using Bloom'’s revised taxondfiljhe taxonomy includes
six cognitive domain objectives: remember, undetapply, analyze, evaluate, and create.
Taking into account the lack of unique consenstitien of the concept of transf& we
classified outcomes as assessing transfer of kilg@l® use in clinical reasoning, or not, based

on the cognitive domain objectives. We decideddngtoutcomes in the “remember” cognitive
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domain was not labeled as investigating transfdiereas any other cognitive domain
objectives were labeled as potentially useful f@ansfer of knowledge (e.g., use of facts
acquired in one context to understand or solvenapreblem).

2.5 Ethics

The institutional review board of the University iifnois at Chicago approved this

study.



3. RESULTS

A total of 9,803 studies were identified (after lexting duplicate articles); 627 studies
were retrieved for full text evaluation; and 78@es were finally selected for analysis (see
Figure 2 and detailed table in supplemental mdgdriarhe interventions took place
predominantly in medical schools (83%), especidllying the early years of the curriculum
(Year 1: 55%, and Year 2: 32%), in anatomy (59%) iarphysiology courses (23%) (Table I).
In terms of characteristics of the education irgation, 98% of identified studies explored the
influence of how the concept was introduced as anmef teaching the basic sciences learning
concept, including investigation of the effect ahadium (e.g., text versus video) (51%), and
the relationship between the problem context aedctincept (41%). One study explored the
influence of practicing with multiple problems whiearning a concepftand none specifically
explored teaching examples (TableDutcomesincluded in the recall category (i.e., remember)
were investigated in 91% of the studies (Tablddansfer was studied in 35% of the articles,
and cognitive domain objectives were understandamgl application (12% and 23%
respectively). Practice-based research was repor&so of the articles and the most frequent
topics explored in the interventions were threeatisional technology (24%), computerized
modules (15%), and problem-based learning (6%)-ikkg@red basic research was reported in
15% of the articles and was predominantly assatiatth interventions focused on conceptual
coherence (5%) and transfer (3%) theories. No ssudiere identified as pure basic research
(see Tables | and Il). Based on the review of tipegeers, the following recurring concepts and

inferences were identified as enhancing the unaledstg of basic sciences teaching.

11
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Figure 2. Flow chart

Potentially relevant studies identified from tharsd and

screened for retrieval: n=31,192

> Duplicates: n=21,389

Potentially relevant studies remaining after exols of

duplicates: n=9,803

Studies excluded after screening titles and

A 4

abstracts: n=9,176.

Studies retrieved for full-text evaluation: n=627

Studies excluded: n=549

A 4

Studies included in the review: n=78
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TABLE I

CONTEXT, APPROACHES AND OUTCOMES OF THE 78 ARTICLESCLUDED IN

THE REVIEW
CONTEXT
Discipline Y ear Profession
Anatomy 59% 1 55% Medicine 83%
Physiology 23% 2 32% Dentistry 13%
Pharmacology 9% 3 15% Psychiatry 5%
Biochemistry 6% 4 9% Physical Therapy 3%
Histology/Pathology| 6% 5 4% Physician assistant 3%
Microbiology 4% 6 1% Sciences 3%
Embryology 3% NA 6% Nursing 1%
Genetics 1% Pharmacy 1%
Immunology 1% Veterinary 1%
APPROACHES
Way to teach the basic sciences lear ning concept
How to introduce the concept - Use of analogy 1%
How to introduce the concept - Multimedia: effettlee medium 51%
How to introduce the concept - Multimedia: multrses single media 4%
How to introduce the concept - Multimedia: Contigleffect 1%
How to introduce the concept - Relation betweerbi@m context and concept 41%
Teaching examples - Single versus multiple examples 0%
Teaching examples - Comparison and contrast veisus 0%
Problems practice - Blocked versus mixed practice % 1
Problems practice - Massed versus distributed ipeact 0%
Type of research involved:
Pure basic research 0%
Pure applied research 85%
Use-inspired basic research 15%
OUTCOMES
Remember 91%
Understand 12%
Apply 23%
Analyze 0%
Evaluate 0%
Create 0%




FOCUS OF THE 78 ARTICLES INCLUDED IN THE REVIEW

TABLE I

3 Dimensional technology 24%
Computerized modules 15%
Problem-based learning 6%
Concept maps 5%
Conceptual coherence 5%
Images 5%
Integration of basic and clinical sciences 5%
Simulation 5%
Experiential learning 4%
Drawing 3%
Gaming 3%
Supervision 3%
Transfer 3%
Videos 3%
Body-painting 1%
Constructivism 1%
Cooperative learning 1%
Dissection 1%
Information delivery 1%
Inquiry-based learning 1%
Personalized instruction 1%
Preparation for future learning 1%
Self-directed learning 1%

14
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3.1 How the Concept | s Introduced

3.1.1 Threedimensional teaching
Several studies explored and developed our undelisig of the value of three-

dimensional (3D) models to teach 3D structuremdly seem intuitive that students learn 3D
structures better when taught with 3D models. H@re@arg et al. explored whether viewing
of computers models from many different perspesti(iee., 3D presentation) hampers the
learning of spatial relationships in anatoffyThey demonstrated that multiple views in
presentation of concepts had no overall instrueli@avantage over a simple presentation of
key views to develop short-term knowledge of thepahbones anatomy tested immediately
after a 90-minute learning session. After contooldpatial ability, Garg et al. demonstrated that
the key views presentation (i.e., anterior andgramt views) showed an overall advantage over
the multiple views presentation (i.e., views auvagaby rotation at 10° intervals) to teach the
concept of carpal bones anatomy. Furthermore téatesits with low spatial ability, the use of
multiple views presentation was detrimental to rthist performances on knowledge
objectives. In order to explain these results aiors argued that the mental models built by
the students when learning the carpal bones comoepd only include the key views of the
carpal bones anatomy. The authors suggested theat sthidents needed a view of the carpal
bones anatomy that was different from the key vjatwsy constructed the needed view from
the key views stored in their mental models ofdagpal bones anatomy. In another study, Garg
et al. explored the potential benefits of a mudtiplews presentation (i.e. views available by
rotation at 10° intervals, total of 36 views) owekey views presentation (i.e., anterior and
posterior) to learn the concept of carpal bonesoama The authors compared short-term
factual recall of anatomical knowledge of the chhmmes between two groups. The first group
was taught carpal bones anatomy using a multiglevipresentation including the whole set
of views available (i.e., 36 views with 10° intekvatations). The second group was taught the

same anatomical concept using the key views éreerior and posterior) and a limited number
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of views located immediately around the key views.,(plus or minus 10° views around the
key views) to detect the depth of the structdfesfter control for spatial ability, there was no
difference in the short-term factual recall of amaical knowledge of carpal bones anatomy
between groups. In the study, the authors alsadrtbtd students in the first group (i.e., access
to the multiple views presentation) spent the migjaf their time looking at the key views
(i.e., anterior and posterior) with some small atoins around these views (i.e., limited
rotations around the anterior and posterior vieWsg authors concluded that certain key views
of an object are “critically important for spatlehrning” and that multiple views provided “no
particular advantage over access to orientationsecto the key view® One limitation
identified by Garg et al. regarding their study wzet carpal bones anatomy “fall naturally into
two planes” and may have limited the educationfevaf the multiple views presentatiéh.
Levinson addressed this potential limitation bylexpg a more complex 3D structure , the
surface anatomy of the braihLevinson also expanded our understanding of tegatoncepts
using 3D by exploring the effects of learner cohtneer the e-learning environment. A two-
by-two factorial design was used. The first fach@s the type of presentation: key views
presentation or multiple views presentation. In kieg views presentation groups, the brain
surface anatomy was presented using four key viewserior, inferior, lateral, and anterior. In
the multiple views presentation groups, the saneoamcal concept was presented using
multiple views including the key views and viewsiated every 30° around the key views. The
second factor was the control over the presentaiaif of the groups had the control over the
presentation of brain surface anatomy. The secalfdbhthe groups had no control over the
presentation of the anatomical concept, and the spent on each view was controlled by a
computerized program. The group combining key vieargrolled by the program had the best
factual recall anatomical knowledge test perforneamdhereas the group with multiple views

controlled by the program had the worst performancethe factual recall anatomical
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knowledge test. Groups with multiple or key viewstrolled by the students had intermediate
performances. Similarly to previous studies, stislemith low spatial ability had scores
significantly lower when assigned to learn a conedgth multiple views. While these studies
enhance our understanding of teaching concepts3ithnone of them specifically explored
transfer of basic sciences knowledge to clinicalsoming and additional investigations are
required to deepen our understanding of the traradfdasic sciences concepts to clinical

reasoning.

3.1.2 Presentation of causal mechanisms of clinical features
Among studies of interventions fostering transfidnasic science knowledge to clinical

reasoning (i.e., use inspired basic researchustdody of evidence supported the conceptual
coherence theor§?. The conceptual coherence theory posits that legrabout the underlying
causal mechanisms provides students with a cohenental representation of the clinical
features of problems, thus enhancing long-term nmgrand transfer by making sense of the
features of each diagnostic categdrywVoods et al. explored the role of basic sciences
knowledge, specifically the knowledge of causal In@edsms (e.g., what underlying
pathophysiological process leads to the clinicafifee) in novice diagnosticiad$The authors
demonstrated that students who learned the undgrbausal mechanism for each feature of
endocrine disorders had similar immediate diagonastcuracy to students who were taught
only about the clinical features without any causgplanations. After a one-week delay,
students in the causal learning condition improveeir diagnostic accuracy scores and

outperformed the other group.

Baghdady et al. demonstrated that dental studewight about basic sciences with
causal mechanisms outperformed students taughfeathres lists or structured algorithms on
an oral radiology initial diagnostic t€$tThe drop in the diagnostic performance was less in

the group taught with causal mechanisms after avasd delay. In another study, a significant
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effect of learning conditions was found in favor thie causal mechanisms group when
compared with a segregated features group (i.si¢ Isaiences explanations first followed by
clinical features) on both immediate and delayedjdostic accuracy testifgKulasegaram et
al. compared four learning conditions for simil@&urology and rheumatology disorders. The
integrated causal mechanisms group received thealifeatures of the diseases, and each
feature was immediately explained with the undedypathophysiological mechanism. A
second group received all basic sciences mechah@lmaed by all clinical features for each
disease. A third group received all clinical feagifollowed by all basic sciences mechanisms
for each disease. Finally, a fourth group recemeld lists of clinical features corresponding to
the disease®. No differences between groups were found in thi&gnostic performance
immediately; but after a one-week delay, diagnoaticuracy was greater for the integrated

causal mechanisms group.

Some points in the articles are critical to furtber understanding of the transfer of
basic sciences concepts to clinical reasoning. @tfect on diagnostic accuracy of the
integration of causal mechanisms with clinical fiees was identified only after a delay in
assessment. Also, the differences in transfer sicbscience knowledge to yield diagnostic
accuracy was not captured in memory test performalncthese studie$;*?>no group effect
was observed in performance on memory or recab-tggts on immediate or delayed testing.
If authors had focused solely on factual recalldifterence would have been captured in the

transfer of basic sciences knowledge to clinicaboming.

Mylopoulos et al. further documented the value edirhing basic sciences causal
mechanisms by exploring their impact on learning nelated content (preparation for future
learning)® Students had to learn four broad categories ofahegical disorders and were
divided in two groups: learning clinical features €ach category, or learning clinical features

plus the causal mechanisms. Subsequently, studadt® learn four specific examples based
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exclusively on the clinical signs and symptoms.dgb@astic accuracy was similar for the two
groups after the initial phase of training (categ®y, but students in the causal group scored
higher in the diagnostic test after the learninggghof the specific diseases. Learning basic
sciences causal mechanisms supported “preparatioriufure learning” and thereby the
application of diagnostic reasoning to “novel rethtontent™3 Again, there were no difference

in groups with the two different learning conditsoin factual recall memory test performances.

3.1.3 Cognitive meshing
Prakash explored the influence of explicitly prapilearners’ prior knowledge and

subsequently delivering related content througlerges of logical questions to help students
construct their knowledge (“constructivist lecti)e¥ When compared with students
participating in “typical lectures”, students iretfconstructivist lectures” group outperformed
their counterparts on immediate testing of facteahll. No differences in performance of the
two groups were found on testing four months latéhile the study had potential limitations
(e.g., increased teaching time in the “construstil@ctures”), it is interesting to note that,
similarly to the studies described previod$t§? the explicit linkage between logical questions
to help students construct their knowledge mayesgmt a promising approach to teach basic
sciences concepts. Nonetheless, approaches toamdiné effect of explicit linkage between
basic sciences facts over time is unclear. SimgildHe results do not allow for inferences
regarding a potential gain due to the explicit éigk of basic sciences facts to the transfer of

basic sciences learning to clinical reasoning.

3.1.4 Useof analogies
Analogies may be used to support understandingefktructure of abstract concepts

that lie below surface details of clinical disepsesentation$! Kulasegaram et al. investigated
the effect of using analogies and context familyafor transfer of learning physiological
concepts to clinical reasoniky.The control group read standard explanations withite

intervention group read an additional analogy. Wimediate testing of the explanation of
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clinical presentations, the analogy group perfornseghificantly better in explaining the

clinical reasoning related to the cases comparedeaontrol group. When testing one week
later, the analogy group still performed bettenttfze control group, although the differences
were not statistically significant. The differenckstween analogy and control groups at
immediate testing were statistically significant‘fiar transfer” cases (i.e., novel organ system)

but not for “near transfer” cases (i.e., similagam system).

3.1.5 Sequence between theory and problem
Boreham et al. explored the effect of the sequehuestruction on pre-clinical students’

cognitive preferences and recall in the context pfoblem-based method of teachfhgVithin

a biochemistry course, the authors tested two piatesequences to introduce a concept: theory
followed by clinical application, or clinical appétion followed by theory. The results
demonstrated the contrast between students’ prefeseand effective recall. Students who
started with the clinical application of the conclpd a greater preference for being taught
specific facts of basic sciences knowledge, bupldied significantly lower scores on
theoretical knowledge recall tests when comparethéogroup that started with the theory
followed by clinical applications. The sequenciregvizeen clinical application and theory may
be an important point to consider when the focuge#&ning outcomes and not students’
preferences. Further investigations are be needeskplore whether differences occur in
relation to sequence of learning theory and clingggplications in terms of transfer of basic

sciences knowledge to clinical reasoning.

3.2 Problems Practice

3.21 |Influence of multiple contexts
Kulasegaram et al. explored the effect of contexiation on transfer of basic science

knowledge to clinical reasoning in multiple probkemf practice. The effect of single and

multiple practice contexts were compared for botbcked and mixed practice (i.e.,
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respectively a single or multiple concepts togetbfeStudents were asked to classify and
explain near and far transfer cases (i.e., resmdgtiamiliar and unfamiliar contexts). Practice
with a single context showed lower far transferesdhan near transfer compared to multiple
contexts which had similar far and near transferes. Practicing with multiple contexts
significantly improved far transfer regardless aked or blocked practice. Using only one
practice context during practice significantly loweperformance even in mixed practice.
Scores on knowledge testing did not differ in ielato practice mode or context, and did not

correlate with performance with near or far transfeses.



4 DISCUSSION

The purpose of this literature review was to examirierventions designed to develop
basic sciences knowledge in HPE and, subsequéatéxplore the evidence that support the
understanding of basic sciences education and,amticplar, transfer of basic sciences

knowledge to clinical reasoning.

Our results demonstrated the limited attentionrémdfer to clinical reasoning as a
learning outcome of basic sciences education in @B%). This study is the first to effectively
show the lack of focus on transfer to clinical m@sg. Several hypotheses may explain these
findings. First, transfer can be a psychologicalaapt that may be poorly investigated by prior
studies. While these studies might agree that Isasgnces knowledge is important for future
clinical practice, the understanding that the matt@uld be transfer might be less explicit. The
limited identification of transfer as a criticalndénsion of basic sciences education might
subsequently result in the lack of focus on trangfeclinical reasoning in teaching and
assessment strategies. Second, the lack of attgpdidl to transfer may also result from the
potentially numerous objectives associated withicbasiences education. Basic sciences
education has value to improve clinical reasoning practice. Basic sciences education also
has value to develop scientific reasoning and rekegbilities. These different perspectives in
regard to basic sciences education might shifhtesls, expectations and therefore outcomes.
Third, in order to teach and assess the transteasit sciences knowledge to clinical reasoning,
educators must know what is relevant for practitet, not every basic sciences educator has
clinical experience. Relevant knowledge requine®tand expertise to be identified. Moreover,
the relevance of a basic sciences learning comoigtt evolve with students’ advancement in
the curriculum. The identification of relevant cepts presupposes temporal and human

resources. If these resources are missing, basitcss learning concepts cannot be taught and
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assessed in light of their transfer to clinical s@@ng. Lastly, the emphasis on
integration of basic and clinical sciences in therdture might have shifted our attention away
from the critical dimension of transfer to clinia@asoning. A large body of literature about
basic sciences education focused on integratidrasic and clinical sciences, and especially
description of such interventions, to the coshefévaluation of these interventions in terms of
learning outcome$’ Integration of basic and clinical sciences represa curricular strategy
not a goal in itself! The creation of dynamic mental structures to suppansfer of basic
sciences knowledge to clinical reasoning definegitlirpose of basic sciences education. If the
difference between the strategy and the educatmrniabme does not stand clearly in educators

minds then the focus on transfer might suffer.

Moving practices forward requires a multi-facetpgr@ach. First, faculty development
is paramount to improve the knowledge and the wtdeding of the concept of transfer. The
distinction between available curricular strategaasd teaching goals and learning outcomes
should also be a part of the training. These faadtvelopment activities should aim to serve
first basic sciences teachers who are the cormersibundergraduate HPE curricula. The role
of basic sciences teachers is critical to the ssoé interventions aimed at enhancing the
transfer of basic sciences knowledge to clinicatpce!**® The need to pay more attention to
the individuals and their development is a shaded within the field of HPES* Yet, it would
be misleading to believe that only basic scieneastters would benefit from these activities.
Clinical sciences educators also need to betteenstmhd their practices and especially the
predominantly tacit role of basic sciences in clahireasoning® A better understanding of
transfer would also help clinical teachers to melgre explicitly on basic sciences knowledge
to bridge basic sciences and clinical conceptsthedefore, foster the development of students’
dynamic mental structures supportive of transfenr8¥, the belief that basic and clinical

sciences educators do not have common needs waothef emphasize the dichotomy between
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these groups of educators while they need to wgnrergistically. A close collaboration
between basic and clinical sciences teachers msifational to understand meaningful practical
basic sciences knowledge, and relevant dimensiocigw@al reasoning to investigate transfer.
A fruitful collaboration should involve the identétion and agreement upon the purpose,
content and assessment of basic sciences teabbiyad knowledge and assessment of factual
recall. The second major facet to improve practreggrding transfer is institutional support.
Directly consequential to the need for an improgetlaboration between basic and clinical
sciences educators, institutions should create desth@mand human resources to foster this
collaboration. Institutions also have a role topapand reward committed educators that will
effectively engage in virtuous practices. Thesenatenew ideas in the field. The development
of incentives and promotions for basic sciencesaidus who engage in integration of basic
and clinical sciences has already been votéatkt, how to implement such ideas, supporting
effective transfer of basic sciences to clinicas@ning, remains to be developed. Finally,
institutions should engage in a reflective prodesslarify the expectations associated with
basic sciences education. Educators need to b@xdagdpn their educational endeavors with a
clear identification of the goals and objectivesaasated with basic sciences education. The
role of basic sciences education should be made#xpspecially beyond the transfer of basic
sciences knowledge to clinical reasoning. The dgrakent of scientific reasoning, or of
research skills, as a learning goal should be readkcit. The space for these specific trainings
should also be detailed, within the core curriculamwithin electives allowing a depth of

content for example.

We called for more attention to transfer of basitersces knowledge to clinical
reasoning. Yet, most learning outcomes were limitedactual recall and not transfer. This
deliberate choice was made despite the observiizdperformances on factual recall memory

tests did not appear to be correlated with tranisfs. The search strategy was not constructed



25

to judge the optimal articulation between factealall memory tests and transfer tests. It would
seem premature to state that factual recall merntestg should be abandoned. Furthermore, a
more recent study compared a group provided witgiated basic and clinical sciences to a
group provided only with clinical featuré$Performances on diagnostic accuracy tests were
significantly higher in the integrated group bothimmediate testing and after one week.
Memory tests scores were also greater in the iatedrgroup but only at immediate testing.
These results call for caution about the use ddlremtcomes. Similarly, how factual recall
memory tests may subsequently trigger further legrnprocesses supportive of the
development of transfer of basic sciences knowlebgelinical reasoning remains to be
elucidated. At this point, assessment of factuavdedge should not be prohibited but rather
envisioned as an element of a more comprehensp®agh including assessment of transfer
to clinical reasoning. Optimized approaches needhén scholarship to be adequately

determined.

Our results demonstrated that most articles regqmtactice-based research focusing on
how to improve practice (85%), but did not addiemaelopment of conceptual frameworks for
effective education for helping students transésit sciences knowledge to clinical reasoning.
Among studies fostering our understanding abouisfe (i.e., use inspired basic research), a
small number of controlled experiments demonstréted integration in education of basic
sciences causal mechanisms with clinical featwstefed diagnostic reasoning and preparation
for future learning®“® Also, instruction using concept analodgfesand the practice with
multiple problems in multiple conteXfsdemonstrated increased scores on far transfer (i.e
transfer of basic science knowledge to new clinicablems). The high prevalence of practice-
based research was an important finding to illuteineesearchers’ future directions of
scholarship. The prominence of practice-based relseappeared as a limiting factor to a

greater understanding of the transfer of basicnseie knowledge to clinical reasoning in the
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field of HPE. The focus on practical context-bouadgearch that lacked theoretical grounding
limited the development of knowledge based on pstieg knowledge. The lack of theory is
recognized as a limiting factor to the developnadra collective understanding of educational
interventions implemented in the field of HF¥° Theories help researchers “understand what
makes a particular intervention effective or inefifiee”?® and the materials’ characteristics that
support learning®®! The lack of identification of such elements harsgle understanding of
what elements should be replicated across setéingsinterventions. Theoretical grounding
will help focus on clarification rather than effeeness studies asking “why and how it did
work?” rather than “did it work?®? Theories are complementary to practical needswalhd
serve both practice and scholarly knowledge bujjdjine., use inspired basic resedfth
Lastly, theories represent an opportunity to explmore comprehensively a problem. In the
present study, the vast majority of interventioxglered the influence of how a basic sciences
learning concept is introduced on learning outcorf®396). This observation was closely
related to opportunities generated by evolving netbgies despite a general limited
understanding of the phenomenon underpinning ietdgrons and their potential benefits.
Conversely, ways to introduce the basic scienca®ileg concept such as the use of teaching
examples or the practice of multiple problems #nattraditionally widespread in HPE curricula
benefited from a limited attention. A more thearaly-grounded approach to the study of basic
sciences education would open potentially promisitigrnatives to support basic sciences

education in general, and transfer in particBilar.

There are some limitations to this study. We fecusur search of the literature on
carefully controlled, randomized designs. This cid@ of literature could be narrow in scope,
but was appropriate to describe the current sthtéhe literature in terms of contexts,
approaches, and outcomes among these studies) analy the interventions that fostered our

understanding of basic sciences education, paatigtdtudies documenting education methods



27

to help students transfer basic science knowledlgértical reasoning. There are advantages to
limit our study to such experimental studies totdoghe understanding of basic sciences
education. Nonetheless, some points benefited fimited attention in the selected studies
such as long-term learning and interventions impleted in a traditional classroom setting by
contrast to a controlled experimental setting;Hertevidence is needed to be able to generalize
the nature of inferences observed in the selediadies to long term learning and to the
classroom settingt Similarly, the focus on experimental studies prégd us to access other
types or research methodologies, and especiallltagisge studies, traditionally used to gain
deeper understanding of phenomena. Future studiakivioenefit from a focused qualitative
literature review within the same study contextse Tocus on undergraduate HPE trainees may
limit the generalizability of findings; addition&vidence is required for post-graduate and
continuing medical education. The present work dal explore either the potential for
alternative venues to teach basic sciences concEgfecially, it would be particularly
interesting to deepen our understanding about bssiences education displayed in a
practically oriented clinical context. Finally, odefinition of basic sciences, especially basic
biomedical sciences, deeply influenced our seat@tegy and, therefore, our findings. The
inclusion of social sciences or human scienceféndefinition of basic sciences disciplines

might have impacted the nature of the findings.

Effectively teaching basic sciences concepts regquihat transfer of basic sciences
knowledge to clinical reasoning is recognized asagor educational goal of HPE curricula.
Transfer can be a challenging process to measatedéserves a greater attention to be
explained, clarified, and promoted. Fostering basiences knowledge transfer to clinical
reasoning requires a thoughtful theoretically-gaeohscholarship to durably contribute to the

field of HPE. Theoretical-grounding is critical momprehensively study transfer and to
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understand causal elements that are essentiagpbydenpact future practices in basic sciences

education.



APPENDIX

DETAILED TABLE INCLUDING THE CONTEXT, APPROACHES AW OUTCOMES OF THE 78 ARTICLES INCLUDED IN THE

REVIEW

ARTICLE CONTEXT APPROACHES OUTCOMES
Fist Author Y ear Discipline Y ear Clinical Way to teach the basic sciences Research | Topic explored Learning
profession lear ning concept method inthe outcomes
intervention
Abid®® 2010 | Embryology 2 Medicine How the concept isddticed - | Pure applied| 3 Dimensional | Remember,
Multimedia: effect of the medium research technology Understand
Adibi® 2007 | Anatomy 2 Medicine How the concept is intrmelli- | Pure applied| Integration of | Remember
Relation between problem research basic and
context and concept clinical
sciences
Al-Khalili 5 2014 | Anatomy 1 Veterinary| How the concept is idtroed - | Pure applied| 3 Dimensional | Remember
Multimedia: effect of the medium research technology
Allen®® 2006 | Anatomy 1 Dentistry How the concept is introed - | Pure applied| Computerized | Remember,
Multimedia: effect of the medium research modules Apply
Alnassat’ 2012 | Anatomy 1 Medicine How the concept is intrmelli- | Pure applied| Videos Remember
Multimedia: effect of the medium research
Antepohf® 1999 | Pharmacology 3 Medicine How the conceptti®duced - | Pure applied| Problem-based| Remember
Relation between problem research learning
context and concept
Anyanwip® 2014 | Anatomy 2 Medicine, | How the concept is introduced -| Pure applied| Gaming Remember
dentistry Multimedia: effect of the medium research
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Appaji*t 2010 | Anatomy 1 Medicine How the concept is intrmelli- | Pure applied| Integration of | Remember
Relation between problem research basic and
context and concept clinical

sciences

Azer! 2011 | Anatomy 1 Medicine How the concept is intrmell- | Pure applied| Drawing Remember
Relation between problem research
context and concept

Bachmaf¥ 1998 | Anatomy 1 Dentistry How the concept is introgld - | Pure applied| Computerized | Remember
Multimedia: effect of the medium research modules

Baghdads? 2013 | Anatomy NA Dentistry How the concept is intmoed - | Use inspired | Conceptual Remember,
Relation between problem basic coherence Apply
context and concept research

Baghdad$? 2009 | Anatomy 2 Dentistry How the concept is introed - | Use inspired| Conceptual Apply
Relation between problem basic coherence
context and concept research

Baleman¥’ 2015 | Histology 1 Medicine, | How the concept is introduced -| Pure applied| Drawing Remember

sciences Relation between problem research

context and concept

Beermaf¥ 2010 | Anatomy 4-5 Medicine How the concept isadtrced - | Pure applied| 3 Dimensional | Understand
Multimedia: effect of the mediunm research technology

Bogack®® 2004 | Anatomy 1 Dentistry How the concept is introgld - | Pure applied| Computerized | Remember
Multimedia: effect of the medium research modules

Boreham® 1984 | Biochemistry| 2 Medicine How the concept tsdduced - | Use inspired| Problem-based| Remember
Relation between problem basic learning
context and concept research

Brinke®’ 2014 | Anatomy 1-6 Medicine How the concept isddtrced - | Pure applied| Dissection Remember
Relation between problem research

context and concept
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Brynef® 2008 | Anatomy, 1-2 Medicine How the concept is introduced - Pure applied| Computerized | Remember
physiology Multimedia: effect of the medium research modules
Carlsorf® 2014 | Physiology, |2 Medicine How the concept is introduced { Pure applied| Images Apply
histology Multimedia: effect of the medium research
Cendar’ 2011 | Physiology 2 Medicine How the concept isddtrced - | Pure applied| Simulation Remember
Multimedia: Contiguity effect research
Davis? 1994 | Microbiology,| 2 Medicine How the concept is introduced { Pure applied| Supervision Remember
immunology Relation between problem research
context and concept
Devitt’ 1999 | Anatomy, 2 Medicine How the concept is introduced 1 Pure applied| Computerized | Remember
physiology Relation between problem research modules
context and concept
Diaz-PereZ 2014 | Pathology 3 Medicine How the concept is thticed - | Pure applied| Integration of | Apply
Relation between problem research basic and
context and concept clinical
sciences
Donnelly* 2009 | Anatomy 1 Medicine How the concept is introghli- | Pure applied| 3 Dimensional | Remember
Multimedia: effect of the medium research technology
EsteveZ 2010 | Anatomy 1 Medicine How the concept is introetli- | Pure applied| 3 Dimensional | Understand
Relation between problem research technology
context and concept
Finn’ 2011 | Anatomy 1 Medicine How the concept is intreetli- | Pure applied| Body-painting | Remember
Relation between problem research
context and concept
Fritz’’ 2011 | Anatomy 14 Medicine, | How the concept is introduced -| Pure applied| 3 Dimensional | Remember,
dentistry, Multimedia: effect of the medium research technology Understand
physical

therapy
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Garg® 2002 | Anatomy 1 Medicine How the concept is intrmelli- | Use inspired | 3 Dimensional | Remember
Relation between problem basic technology
context and concept research
Garg® 1999 | Anatomy NA Medicine How the concept is intiodd - | Use inspired | 3 Dimensional | Remember
Relation between problem basic technology
context and concept research
Gauthief® 2015 | Anatomy 1 Medicine How the concept is introetli- | Pure applied| Gaming Remember
Multimedia: effect of the medium research
GonzaleZ 2008 | Physiology 2 Medicine How the concept isadtrced - | Pure applied| Concept maps Remember,
Relation between problem research Apply
context and concept
Griksaitis® 2012 | Anatomy 1 Medicine How the concept is introgtli- | Pure applied| Images Remember
Multimedia: effect of the medium research
Hamptor? 2010 | Anatomy, 3-4 Medicine How the concept is introduced - Pure applied| 3 Dimensional | Remember
physiology Multimedia: effect of the medium research technology
Hariri®? 2004 | Anatomy 1 Medicine How the concept is intrmehli- | Pure applied| Simulation Remember,
Multimedia: effect of the medium research Apply
Hisley? 2008 | Anatomy 1 Medicine How the concept is intrmehli- | Pure applied| 3 Dimensional | Remember
Multimedia: effect of the medium research technology
Ho® 2014 | Physiology 1-2 Medicine How the concephisoduced - | Pure applied| Concept maps Remember,
Multimedia: effect of the medium research Understand
Janssefi 2014 | Anatomy 1 Medicine, | How the concept is introduced -| Pure applied| Experiential Remember
physical Relation between problem research learning
therapy, context and concept
physician
assistant
Ketelsef¢ 2007 | Anatomy 2 Medicine How the concept is introghli- | Pure applied| Information Remember,
Multimedia: effect of the medium research delivery Apply
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Knobe’ 2012 | Anatomy Medicine How the concept is intrmelli- | Pure applied| Images Remember,
Multimedia: effect of the medium research Apply
Kockro® 2015 | Anatomy Medicine How the concept is introghli- | Pure applied| 3 Dimensional | Remember
Multimedia: effect of the medium research technology
Kooloos* 2012 | Anatomy Medicine How the concept is introetli- | Pure applied| Supervision Remember
Relation between problem research
context and concept
Kulasegararif 2015 | Physiology Psychology Problems Practicloelgd Use inspired | Transfer Remember,
versus mixed practice basic Understand,
research Apply
Kulasegarartt 2015| Anatomy, Medicine, | How the concept is introduced -| Use inspired | Conceptual Remember,
physiology nursing, Relation between problem basic coherence Apply
physician | context and concept research
assistant
Kulasegarartt 2012 | Physiology Psychology How the conceptti®duced - | Use inspired | Transfer Remember,
Use of analogy basic Understand,
research Apply
Levinsori’ 2007 | Anatomy Psychology How the concept is thiced - | Use inspired | 3 Dimensional | Remember
Relation between problem basic technology
context and concept research
Li®C 2014 | Pharmacology Medicine How the concepttr@duced - | Pure applied| Experiential Remember,
Relation between problem research learning Apply
context and concept
Lim®? 2015 | Anatomy Medicine How the concept is introghli- | Pure applied| 3 Dimensional | Remember
Multimedia: effect of the medium research technology
MacFadyef¥ 1993 | Pharmacology Medicine How the conceptti®ituced - | Pure applied| Computerized | Remember
Multimedia: effect of the medium research modules
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Maggio™ 2012 | Anatomy 1 Dentistry How the concept is introed - | Pure applied| Computerized | Remember
Multimedia: effect of the medium research modules

Marsi 2008 | Embryology 1 Medicine How the concept isddtriced - | Pure applied| 3 Dimensional | Remember
Multimedia: effect of the medium research technology

Miedzybrodzk& | 2001 | Genetics 4 Medicine How the concept is intoedl - | Pure applied| Computerized | Remember,
Multimedia: effect of the medium research modules Understand

Mueller® 2005 | Pharmacology 3 Medicine How the conceptti®@tuced - | Pure applied| Simulation Remember
Multimedia: effect of the medium research

Mylopoulog’ 2014 | Anatomy, 1-2 Medicine How the concept is introduced + Use inspired | Preparation for | Remember,

physiology Relation between problem basic future learning | Apply

context and concept research

Ng®® 2015 | Anatomy 1 Medicine How the concept is introghli- | Pure applied| 3 Dimensional | Remember
Multimedia: effect of the medium research technology

Nicholsorf® 2006 | Anatomy 1 Medicine How the concept is introghli- | Pure applied| 3 Dimensional | Remember
Multimedia: effect of the medium research technology

Nolte!® 1987 | Anatomy 1 Medicine How the concept is introghli- | Pure applied| Computerized | Remember
Multimedia: effect of the medium research modules

Noung® 2012 | Biochemistry, 1-5 Medicine How the concept is introduced - Pure applied| Problem-based| Remember

physiology Relation between problem research learning

context and concept

Paf% 2014 | Physiology 1 Medicine How the concept isadtrced - | Pure applied| Self-directed | Remember,
Multimedia: multi versus single | research learning Apply
media

Prakaslf 2010 | Physiology 2 Medicine How the concept isddtrced - | Use inspired| Constructivism | Understand
Relation between problem basic
context and concept research
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Qadir* 2011 | Pharmacology 2 Dentistry How the conceptti®duced - | Pure applied| Concept maps Remember
Multimedia: effect of the medium research

Richardsot 2013 | Pharmacology 2 Pharmacy How the conceptrisdaced - | Pure applied| 3 Dimensional | Apply
Multimedia: effect of the medium research technology

Robert$® 2005 | Anatomy, 1 Medicine How the concept is introduced t Pure applied| Problem-based| Remember

physiology Relation between problem research learning

context and concept

Roort% 1983 | Biochemistry| 1 Medicine How the concept tsaduced - | Pure applied| Cooperative Remember
Relation between problem research learning
context and concept

Sanprasef{’ 2005 | Microbiology | 3 Medicine How the concept isr@duced - | Pure applied| Computerized | Remember
Multimedia: effect of the medium research modules

Schwart2% 1980 | Biochemistry| 3 Medicine How the concept tsdduced - | Pure applied| Personalized | Remember
Relation between problem research instruction
context and concept

Scovillg* 2007 | Histology 1 Medicine How the concept is idwoed - | Pure applied| Images Remember
Multimedia: effect of the medium research

Seixas-Mikelu§'“ | 2010 | Anatomy NA Medicine How the concept is iniodd - | Pure applied| 3 Dimensional | Remember
Multimedia: effect of the medium research technology

Sheret!! 2014 | Physiology, | 1-2 Medicine How the concept is introduced + Pure applied| Integration of | Remember

histology Relation between problem research basic and
context and concept clinical
sciences

Singht* 2009 | Microbiology | NA Medicine How the conceptidroduced - | Pure applied| Inquiry-based | Remember
Relation between problem research learning
context and concept

Solyat® 2008 | Anatomy 1 Medicine How the concept is introghli- | Pure applied| 3 Dimensional | Remember
Multimedia: effect of the medium research technology
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Stanford! 1994 | Anatomy 1 Medicine How the concept is intrmelli- | Pure applied| Computerized | Remember
Multimedia: multi versus single | research modules
media

Stirling!** 2014 | Anatomy 1 Medicine How the concept is introghli- | Pure applied| Computerized | Remember
Multimedia: effect of the medium research modules

Sultana¢ 2001 | Anatomy 3 Medicine How the concept is introetli- | Pure applied| Videos Remember
Multimedia: effect of the medium research

Surapanent’ 2013 | Biochemistry| 1 Medicine How the concept tsaduced - | Pure applied| Concept maps Remember
Multimedia: effect of the medium research

Takkunentt 2011 | Anatomy 1 Medicine, | How the concept is introduced -| Pure applied| Problem-based| Remember

dentistry Multimedia: multi versus single | research learning

media

Vollebregt!® 2005 | Pharmacology 3 Medicine How the conceptti®ituced - | Pure applied| Experiential Remember,
Relation between problem research learning Apply
context and concept

Wong* 2007 | Physiology 2 Medicine How the concept isadticed - | Pure applied| Simulation Remember
Multimedia: effect of the medium research

Woods* 2007 | Physiology NA Psychology,How the concept is introduced -| Use inspired | Conceptual Remember,

sciences Relation between problem basic coherence Apply

context and concept research
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