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A Review of e-Learning Practices for Undergraduate
Medical Education

Francis Lau®? and Joanna Bates?

This paper describes the findings of a literature review conducted on the current usage,
lessons, and limitations of e-learning for undergraduate medical education with an em-
phasis on synchronous delivery in the first 2 years. The review was conducted as part of
an initiative to expand the UBC undergraduate medical program in British Columbia,
Canada. The 50 e-learning articles included in the review described the deployment
of various types of e-learning technology and content in different settings. The seven
videoconferencing articles provided product information, health education examples,
and innovative approaches. The six review articles provided general guidelines and
trends on e-learning in undergraduate medical education in United States and Europe.
Overall, while the literature is informative, there are few reported studies that address
distributed synchronous learning in these undergraduate programs.
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INTRODUCTION

Purpose of Review

An initiative is underway in the Faculty of Medicine at the University of British
Columbia (UBC) in Canada to expand into a distributed undergraduate medical
program in partnership with the University of Victoria (UVic) and the University
of Northern British Columbia (UNBC).* The design of this distributed model is to
deliver most of the first 2 years of the MD undergraduate program at the collaborat-
ing university campuses supported by information and communications technology
(ICT). Although a common perception is that many medical schools are currently on
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the e-learning® bandwagon, it is not clear to what extent these schools have adopted
such technology, how it is being used, the type of online content being developed,
and the lessons learned. This paper describes the findings of a literature review con-
ducted as part of our expansion initiative to examine the current use, lessons, and
limitations of e-learning for undergraduate medical education with an emphasis on
synchronous delivery in the first 2 years.

Background and Context

Approximately one-third of Canadians live in rural communities of 10,000 peo-
ple or less. However, only 19 % of general practitioners and 4% of specialist physicians
practice in rural areas.(!) Furthermore, the Canadian Medical Association projections
provide scenarios to 2021 that are “frighteningly dismal and predict an aging, shrink-
ing stock of rural physicians.” A realistic estimate of medical graduates heading into
rural practice indicates that numbers will not even keep pace with the current short-
fall, let alone close the access gap between rural and urban communities.? Like
Canada, USA and Australia both experience shortages of physicians in rural remote
and northern areas.

Recently, attention has turned to the potential to increase recruitment to these
understaffed areas by shifting admissions processes and by increasing the exposure
of undergraduate and postgraduate medical students to these underserved areas dur-
ing their education.’®) Common elements of programs that are successful in train-
ing graduates that practice in rural areas include early and sustained contact with
rural communities, and sustained exposure to physician as role models and men-
tors within these communities. Medical schools and undergraduate medical educa-
tion programs located outside urban areas are more likely to succeed in graduating
physicians who choose to practice in rural areas and recruiting graduates to rural
areas.*”7)

For this reason, a number of established medical schools utilize a distributed
model of undergraduate medical education in order to increase undergraduate stu-
dent exposure to rural and remote communities. For example, the WWAMI program
at the University of Washington has a long history of a distributed program with part-
nered universities in other states and distributed core clinical education.® To date
these programs are described as being rooted in rural clinical experience, and the
potential contribution of e-learning to enable distributed undergraduate medical
education into nonurban geographical settings has not been reported.

The aim of the UBC undergraduate medical program expansion in partnership
with UVic and UNBC is to encourage physician graduates to practice in rural com-
munities after their training. The distributed program also allows sharing of faculty
and resources locally as a means of building capacity at partner universities. Al-
though the undergraduate curriculum is centred around problem-based learning,
20-30% of the curriculum is still being delivered as lectures and case presenta-
tions in large group classroom settings. As such, the use of ICT is seen as an es-
sential component of the distributed program with its ability to provide high quality

Se-Learning is broadly defined as the use of ICT to provide online education and training,
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online medical content and synchronous instructional delivery across multiple sites in
real time.

REVIEW APPROACH

Literature Sources

Our search was limited to PubMed and Abstracts of Business Index (ABI)
using common e-learning terms to provide an initial sense of the landscape and au-
thors/institutions for follow up. The PubMed was searched using the terms e-learning,
undergraduate medical education, distance and Internet covering 1997-2002, where
128 articles were returned. A second search with the terms videoconferencing, med-
ical and education for the same period returned 13 other articles. The ABI was
searched using the terms videoconferencing and education, where up to 40 recent
articles were retrieved. Another 12 articles/reports from previous collections and
journal/website scans were included. The search led to a total of 193 articles and
reports.

Methods of Analysis

Only articles aimed at undergraduate medical education were considered. Us-
ing this criterion, 50 primary e-learning articles, 6 e-learning review articles, and
7 videoconference articles were included in the review. An alphabetical listing of
these 63 articles is in Appendix A. The findings in terms of reported current us-
age were categorized by seven themes that we felt were relevant to our expansion
initiative:

e c-Learning by type of study—the research approaches used are grouped by

study design

e c¢-Learning by type of technology—the technologies used are grouped by type

e c-Learning by type of learner—the types of medical students cited in the

articles

e c-Learning by subject area—the topics for which technology/content were

developed

e c¢-Learning by learning activity—the modalities used to deliver the curriculum

e Use of videoconferencing—the use of videoconferencing to deliver the cur-

riculum

e e-Learning guidelines and trends—general technology guidelines and trends

reported.

SUMMARY OF FINDINGS

e-Learning by Type of Study

Of the 50 primary articles, those with details on research design, student subjects,
and evaluation results are considered higher quality and grouped under evaluation
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Table I. Articles Tabulated According to the Type of Study Reported

Type of study Authors (see Appendix for details) Count

Descriptive report Bacro, 1997; Bacro, 2000; Baker, 2001; Baldwin, 26 (52%)
2001; Cameron, 1999; Chen, 1998; Davis, 2001;
Dev, 2000; Dornan, 2001; Eysenbach, 1998;
Gorbis, 1999; Gorby, 2001; Hagdrup, 1999;
Hodgson, 2001; Kaelber, 2001; Konstan, 1997;
Locke and Lun, 1998; Martens, 2001; Parker and
Seifter, 2001; Relan, 2001; Riza, 2001; Sarkowski,
2001; Soula, 2001; Steinberg, 2002; Uijdehaage,
2001; White, 2001

Evaluation study

RCT, control/test groups Baumlin, 2000; Devitt and Palmer, 1999; Gul, 6 (12%)
1999a,b; Mehrabi, 2000; Mehta, 1998

Pre/postcohort groups Grundman, 2000; Kim, 2001; Magee, 2001; 4 (8%)
Swagerty, 2000

Follow-up questionnaire Baer and Chamberlain, 1998; Devitt and Palmer, 4 (8%)
1998; Harris, 2001; Richardson, 1997

Interviews/focus groups Gray, 2000a,b; Hunter, 2000; Teague, 2000 4 (8%)

Usage/observations Lehmann, 1999; Platt, 1999; Schaad, 1999; 4 (8%)
Srinivasan, 2002

Longitudinal surveys Broudo, 1999 1(2%)

Content review Korin, 2001 1(2%)

study, whereas articles lacking such information are labelled as descriptive reports
only. Of the 50 articles, 26 or 52% are descriptive in nature, even though many in-
cluded informal assessment of their content and technology. The lack of study design
details made it difficult to judge the quality of these descriptive reports. The 24 eval-
uation studies used different evaluation methods that consisted of controlled trials,
follow-up questionnaires, pre/postcohort assessment, interviews and focus groups,
system usage and observations, longitudinal surveys, and content review. Evaluation
measures were mostly around user satisfaction, actual usage, subjective feedback, and
student performance. The types of study reported by the articles are summarized in
Table 1. Overall, the evaluation results are generally favorable but not readily com-
parable due to the different technologies, content, subjects, and measures used. Ten
evaluation studies of acceptable quality with the use of controlled or pre/postcohort
groups are included in Appendix B to illustrate the diversity of the design, technol-
ogy, subjects, and results reported. Meta-analysis was not done since most reported
only frequencies and percentages with little statistical data included.

e-Learning by Type of Technology

The types of technology reported include Web-based platforms, Internet con-
nectivity tools, streaming video, interactive CDs, videoconference, and specialized
software. The respective technologies used are summarized in Table II. Thirty-three
of the 50 primary articles (66%) focused on Web-based platforms to provide cur-
riculum related content; some of these platforms included more advanced features
such as digitized images, simulated cases, videos and self-assessment. Seven ar-
ticles reported the use of specialized software such as simulation modeling that
run on PCs or in local computer labs. Four articles focused on establishing Inter-
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Table II. Articles Tabulated According to the Type of Technology Reported

Type of technology Authors (see Appendix for details) Count

Web-based platform Bacro, 1997; Baer and Chamberlain, 1998; Baker, 33 (66%)
2001; Baldwin, 2001; Baumlin, 2000; Broudo,
1999; Dornan, 2001; Eysenbach, 1998; Gray,
2000a,b; Grundman, 2000; Hagdrup, 1999; Harris,
2001; Hodgson, 2001; Hunter, 2000; Kaelber,
2001; Kim, 2001; Konstan, 1997; Korin, 2001;
Locke and Lun, 1998; Magee, 2001; Martens,
2001; Mehta, 1998; Parker and Seifter, 2001;
Relan, 2001; Riza, 2001; Sarkowski, 2001; Schaad,
1999; Soula, 2001; Srinivasan, 2002; Steinberg,
2001; Swagerty, 2000; Uijdehaage, 2001
Specialized software Davis, 2001; Devitt and Palmer, 1999; Devitt and 7 (14%)
Palmer, 1998; Gorby, 2001; Lehmann, 1999;
Mehrabi, 2000; Richardson, 1997

Internet connectivity tools Cameron, 1999; Chen, 1998; Platt, 1999; Teague, 5(10%)
2000; White, 2001

Videos on CD, link to Web Bacro, 2000; Gorbis, 1999 2 (4%)

Videoconference Gul, 1999a,b 2 (4%)

Streaming video Dev, 2000 12%)

Note. The 10 quality evaluation studies with controlled or pre/postcohort groups are italicized.

net connectivity such as e-mail and bulletin boards for students on clinical clerk-
ships. Note that only two articles (4%) described the use of videoconferencing
for synchronous small group teaching; most of the remaining articles (96%) were
aimed at asynchronous delivery of the curriculum through online content to en-
hance self-learning by students or to supplement traditional classroom/lab sessions
by instructors. When sorted by technology, the 10 quality evaluation studies listed in
Appendix B showed favorable user satisfaction and feedback, but variable system
usage and student performance. In particular, the two videoconferencing studies for
surgery demonstrations had much higher satisfaction ratings and preferences by stu-
dents than being physically present at the operating theatres. No improvement in
test/exam scores was found in three of the other seven studies that compared student
performance.

e-Learning by Type of Learner

The 50 primary articles covered medical students in both preclinical and clinical
years. Close to half of the articles (48% ) involved 1st and 2nd year students, 13 articles
(26%) involved clinical clerkship years, and 11 articles (22%) did not identify the
year involved. The types of learner by year are summarized in Table III. With the
10 quality evaluation studies shown in Appendix B, the split between preclinical
and clinical years was fairly even, with two articles in year 1, three in year 2, four
in years 3+, and one unspecified. Of the seven evaluation studies that measured
student performance, five were for preclinical years (years 1 and 2), one for years
3+, and one unspecified. Three of the five preclinical studies showed improvement
in text/exam scores, whereas the one study for year 34+ medical students did not show
any improvement in exam scores.
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Table III. Types of Learner Reported in the Articles

Type of learner Authors (see Appendix for details) Count
Preclinical/basic sciences Baer and Chamberlain, 1998; Broudo, 1999; Davis, 10 (20%)
(year 1) 2001; Grundman, 2000; Hodgson, 2001; Magee,

2001; Platt, 1999; Riza, 2001; Schaad, 1999;
Srinivasan, 2002

Preclinical/basic sciences Cameron, 1999; Devitt and Palmer, 1999; Gorby, 6 (12%)
(year 2) 2001; Kim, 2001; Mehta, 1998; Parker and Seifter,
2001
Preclinical/basic sciences Bacro, 2000; Bacro, 1997; Dev, 2000; Harris, 2001; 8 (16%)
(not specified or both) Kaelber, 2001; Richardson, 1997; Soula, 2001;
Uijdehaage, 2001
Clinical clerkships Baker, 2001; Baldwin, 2001; Baumlin, 2000; Devitt 13 (26%)
(years 3+) and Palmer, 1998; Eysenbach, 1998; Gul, 1999a;

Hunter, 2000; Korin, 2001; Mehrabi, 2000;
Sarkowski, 2001; Swagerty, 2000; Teague, 2000;

White, 2001
Across years Chen, 1998; Steinberg, 2002 2 (4%)
Not specified Dornan, 2001; Gorbis and Hallgren, 1999; Gray, 11 (22%)

2000a,b; Gul, 1999b; Hagdrup, 1999; Konstan,
1997; Lehmann, 1999; Locke and Lun, 1998;
Martens, 2001; Relan, 2001

Note. The 10 quality evaluation studies with controlled or pre/postcohort groups are italicized.

e-Learning by Subject Area

The 50 articles covered a wide range of subject areas from basic sciences, clini-
cal clerkships, informatics skills to problem solving. The specific areas reported are
anatomy, dermatology, emergency medicine, genomics, geriatric medicine, histol-
ogy, human behavior and development, infectious disease, medical microbiology,
musculo-skeletal system, neoplasia, pharmacology, physical diagnosis, physiology,
pathophysiology, surgery, and urinalysis. Some articles covered multiple areas such
as medical treatment knowledge, evidence-based medicine, and common medical
problems. There is no one subject that predominates. The subject areas reported
are listed in Table IV. Of interest is that 3 of the 10 quality evaluation studies in-
volved surgery using synchronous videoconferencing and multimedia self-learning,
which were rated favorable by students even though traditionally it has been mostly
hands-on teaching.

e-Learning by Learning A ctivity

Thirty-seven of the 50 articles (74%) reported the use of some type of e-
learning technology to enhance individualized learning. Twelve of these articles
(24%) included student-student and/or student—tutor interactions through e-mails,
bulletin boards, or face-to-face small groups. Five articles (10%) described the use
of digital images, simulation cases, animation, and self-assessment, etc. to enhance
or replace traditional face-to-face lab classes. The remaining articles covered small
group tutorials, classroom lectures, hospital/clinic rounds, and problem-based learn-
ing. These findings suggested that the focus of e-learning in undergraduate medical
education reported thus far has been on the deployment of online content to enhance
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Table IV. Articles Tabulated According to Subject Area Involved
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Subject area Authors (see Appendix for details) Count
Anatomy Bacro, 1997, 2000; Devitt and Palmer, 1999 3(6%)
Common medical problems Hodgson, 2001; Locke and Lun, 1998 2 (4%)
Dermatology Eysenbach, 1998 1(2%)
Emergency medicine Baumlin, 2000 1(2%)
Evidence-based Medicine Gray, 2000a; Srinivasan, 2002 2 (4%)
Genomics Magee, 2001 1(2%)
Geriatric medicine Swagerty, 2000 1(2%)
Histology Harris, 2001; Lehmann, 1999 2 (4%)
Human behavior and Schaad, 1999 1(2%)

development
Infectious disease and Baer and Chamberlain, 1998; Gorby, 2001 2 (4%)
medical microbiology
Informatics skills, computers, Broudo, 1999; Chen, 1998; Gray, 2000b; Hagdrup, 5(10%)
and IT 1999; Platt, 1999
Medical treatment Martens, 2001 1(2%)
knowledge
Musculo-skeletal system Gorbis and Hallgren, 1999 1(2%)
Neoplasia Mehta, 1998 1(2%)
Pharmacology Konstan, 1997 1(2%)
Physical diagnosis skills Grundman, 2000; Kaelber, 2001 2 (4%)
Physiology/pathophysiology Davis, 2001; Devitt and Palmer, 1999; Parker and 5(10%)
Seifter, 2001; Richardson, 1997; Steinberg, 2002;
Family practice (community, Baker, 2001; Baldwin, 2001; Gray, 2000a; Hunter, 7 (14%)
rural, or primary care) 2000; Korin, 2001; Sarkowski, 2001; Teague, 2000
Surgery Gul, 1999a,b; Mehrabi, 2000 3(6%)
Testing and exams Relan et al., 2001 1(2%)
Urinalysis Kim, 2001 1(2%)
Unspecified or multiple areas Cameron, 1999; Deyv, 2000; Dornan, 2001; Soula, 6(12%)

2001; Uijdehaage, 2001; White, 2001

Note. The 10 quality evaluation studies with controlled or pre/postcohort groups are italicized.

individualized learning to augment or even replace traditional didactic classroom/lab
teaching. There is little on synchronous delivery at the undergraduate program level
across multiple sites in real time using such technologies as videoconference or col-
laborative groupware. The types of learning activity reported in the articles are sum-
marized in Table V.

Use of Videoconferencing

Seven articles from ABI provided product information, innovative approaches,
and health related examples on videoconferencing. Currently, the trend is to shift
from ISDN- to IP-based conferencing with integrated data, voice, and video using
H.323 protocol. IP conferencing in health/medical training is described in five of the
articles for surgical training, web-casting of grand rounds, general communication,
and medical research meetings. Of interest is the virtual room at Duke University
School of Business where a 12-ft video screen is used to portray telepresence with
life-size images. The Trans Texas Videoconferencing Network provides an example of
a state-wide education infrastructure with over 120 dedicated video sites in 40 Texas
cities. A summary of these videoconference related findings is given in Table VI.
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Table V. Types of Learning Activity Reported in Articles

Type of activity

Authors (see Appendix for details) Count

Individualized learning
self-study

Individualized learning
student/tutor interactions

Laboratory

Problem-based tutorial

Classroom lecture

Clinic/hospital rounds
Distributed PBL

Bacro, 1997,2000; Baker, 2001; Baumlin, 2000; Davis, 25 (50%)
2001; Dev, 2000; Devitt and Palmer 1998, 1999;
Eysenbach, 1998; Gray, 2000b; Grundman, 2000;
Hodgson, 2001; Kaelber, 2001; Kim, 2001; Konstan,
1997; Locke and Lun, 1998; Magee, 2001; Mehrabi,
2000; Mehta, 1998; Parker and Seifter, 2001; Relan,
2001; Riza, 2001; Sarkowski, 2001; Swagerty, 2000;
Uijdehaage, 2001
Baldwin, 2001; Broudo, 1999; Chen, 1998; Dornan, 12 (24%)
2001; Gray, 2000a; Hagdrup, 1999; Hunter, 2000;
Korin, 2001; Martens, 2001; Platt, 1999; Teague, 2000;
White, 2001
Harris, 2001; Lehmann, 1999; Richardson, 1997; Soula, 5(10%)
2001; Steinberg, 2002
Baer and Chamberlain, 1998; Schaad, 1999; Srinivasan, 3(6%)

2002
Gorby, 2001; Richardson, 1997 2 (4%)
Gul, 1999a,b 2 (4%)
Cameron, 1999 1(2%)

Note. The 10 quality evaluation studies with controlled or pre/postcohort groups are italicized.

Table VI. Summary of Videoconferencing Related Findings

Source

Information

Blank, 1999

Buyers Guide, 2001

Communications News, 2001

Espitia and Smith, 2002

Hersch, 1999

Merritt, 2002

Whiting, 2002

TTVN

Broadcast of minimal invasive surgery over the Adirondack
Area network, an IP-based H.320 network system, at
Albany Medical Centre

List of conferencing software/hardware vendors including
audio conferencing systems, data-conferencing systems,
document conferencing, electronic whiteboards, hand-held
remote-controls, remote-control systems, videoconferencing
systems

IP videoconferencing used at the University of South Florida
in its three health science colleges: nursing, medicine, and
public health

Use of videoconferencing and asynchronous computer
supported instruction to enhance the veterinary technology
program at Palo Alto College in San Antonio, Texas

Use of voice-and-video-over-IP solution over an H.323-based
IP network at the University of South Florida’s Health
Sciences Centre

Live interactions regardless of locations via e-StudioLive
Web-casting system for physicians-to-be at the University of
North Carolina’s School of Medicine

Use of videoconferencing’s virtual room at Duke University
School of Business

Trans Texas Videoconferencing Network, a statewide
videoconferencing infrastructure for Texas
universities—http:/ttvn.tamu.edu
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Table VII. Trends and Guidelines on Educational Technology for Medical Schools 1st Part

Source Information
Anderson, 2000. Association of Results of the 130 survey reports as part of the Medical School
American Medical Colleges Objectives Project (MSOP); parts relevant to educational
(AAMC) technology are

® 45 of 130 schools require students to have their own
computers upon admission to medical schools; others
provide computer facilities 24 h a day for students

e Some reported significant communication between
faculty and students via e-mail

e Many faculty have developed software used in their
courses Computers used to teach EBM and search
literature; importance of library increased

e Internet used in self-directed learning and research

Mobert and Whitcomb, 1999. MSOP - Report on use of educational technology by US
Association of American medical schools in 1998 revealed the following key findings:

Medical Coll AAMC
edical Colleges ( ) e Limited progress in accomplishing recommended

educational technology goals

e Greater use of technology in basic sciences courses
than in clinical clerkships

e QGreat variability existed across schools in technology
use and its administration

e Use of educational technology in medical schools is
increasing rapidly

e Each school should develop a strategic approach to
meet future needs

e-Learning Guidelines and Trends

The Association of American Medical Colleges (AAMC) initiated the
Medical School Objectives Project (MSOP) in 1996 to assist medical schools in their
efforts to revise their educational programs, improve the quality of medical students’
education, and produce physicians who can meet the changing needs of society and
of the health-care environment. Of particular interest are that 45 of 130 medical
schools require students to have their own computers upon admission, and the need
for a strategic approach by each school to adopting educational technology to meet
future needs. The World Federation for Medical Education Standing Advisory Com-
mittee produced a set of guidelines on use of ICT in medical education that covered a
wide range of topics for considerations by medical schools worldwide. These findings
are highlighted in Tables VII and VIII.

CONCLUSION

Lessons

The review of e-learning practices for undergraduate medical education pro-
vided in this study has led to these observations that are related to our UBC medical
school expansion initiative:
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Table VIII. Trends and Guidelines on Educational Technology for Medical Schools 2nd Part

Source Information
Winding, 1998. Copenhagen, Guidelines for using computers in medical education, 1998
Denmark version on website http://www.med-net.nl/network/

conference/1998-1999/lille-maastr-5-1.htm (see WFME,
2001 below for updated version)

Winding, 1998. Copenhagen, Guidelines for using computers in medical education, 1998
Denmark version presented at Med-Net conference in Maastricht
(see WFME, 2001 below)
Winding, 1998. Copenhagen, Guidelines on use of computers in medical education, 1998
Denmark version from WFME (see WFME, 2001 below)
Winding, 2001. WFME Standing Guidelines on use of ICT in medical education, which cover
Advisory Committee; World considerations of

Federation for Medical

Education (WFME) Appropriate use of ICT

L]

e Development of online learning materials

e Integration of ICT into curriculum

® Provision of access to ICT in medical education

e Appropriate training and planning the migration
from convention learning methods

e Finding information on developments in ICT in
medical education

® Advice on production of electronic learning
materials

e Recommendations on exchange of educational
materials, modules and programs

Synchronous Delivery. Most of the e-learning practices for undergraduate medi-
cal education reported in the literature to date are focused on the deployment
of interactive content to enhance individualized learning, with little attention
to synchronous real-time delivery of basic science lectures, labs, and tutorials.
Even though many medical schools have adopted problem-based learning as the
foundation of their curriculum, there is still the need for large-group interactions
such as plenary lectures and case presentations especially in preclinical years. The
question remains as to whether and how ICT can enhance delivery and learn-
ing in these large-group settings, such as those for the UBC distributed medical
program.

Telehealth Linkage. There is a lack of literature and formal studies on the use and
effects of videoconferencing to enhance real-time synchronous delivery of the
basic sciences curriculum especially involving multiple sites. With the current
trend towards the increased adoption and use of videoconference-based telehealth
applications in medical centres and hospitals in Canada, there is a need to explore
how to make effective use of existing/emerging telehealth infrastructure and ser-
vices as part of an undergraduate medical program that is integrated with the
clinical setting.

Formal Evaluation. While most of the reviewed articles reported favorable results
with the e-learning content and technologies deployed, the lack of methodological
details, small sample size and specific technologies involved in these studies have
made it difficult to generalize their findings to other settings. Assuch, itisimportant
for those involved with the design, implementation, and support of e-learning for
undergraduate medical programs to demonstrate its cost-effectiveness. This may
also be an issue to be addressed as part of the ongoing accreditation of medical
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schools to ensure consistent and effective use of ICT that can lead to comparable
and successful learning outcomes.

Computer Requirement. About 35% of medical schools in United States require
students to have their own computers upon admission. However, it is not clear
what percentage refers to laptop computers, which require a different network ar-
chitecture and support environment than desktop computers. Follow-up studies
should be conducted to determine the impact of having a computer or more specif-
ically a laptop as an entrance requirement for undergraduate medical programs
in Canada.

Limitations

This initial review of the literature has several shortcomings. First, only PubMed
and ABI databases were included using a narrow set of search terms; thus relevant
articles elsewhere with different key terms could have been omitted. Second, the
search did not include any grey literature or personal contacts, so it is possible for
the review to have missed conference presentations, and unreported but highly in-
novative work that the authors are aware of at certain medical schools. Last, most
of the technologies reported are ongoing efforts over time, thus the review is likely
out of date since the studies were originally accepted for publication. Our next steps
should be to contact selected medical schools in North America and Australia where
we are aware of e-learning initiatives at the undergraduate MD program level, and
to expand our search to e-learning practices in other disciplines such as the busi-
ness schools and private sector corporations where communication and training are
practised routinely across multiple locations.
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