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Abstract

Objectives: To investigate if current surgical web based
education provides appropriate learning experiences,
viewed through the frameworks of contemporary pedagogy.
Methods: Using defined exclusion and inclusion criteria, we
searched the medical literature for papers on surgical web
education. We analysed the instructional designs and web
utilities to uncover the pedagogical frameworks underpin-
ning the teaching and learning experiences used.

Results: Twenty five eligible studies were analysed and
descriptive summary statistics were produced. Traditional
teacher-centred behaviourist pedagogy underpinned 52%
(n=12) of the studies. Socio-constructive pedagogy that
fosters dialogue, collaboration and co-construction of
knowledge was seen in 21% (n=5). A humanistic context

was seen in 21% (n=5). Learner generated content was

present in 9% (n=2). Examples of good web implementation
of various pedagogic frameworks are described.
Conclusions: Pedagogic shortcomings and underutilisation
of Web 2.0 technology are revealed in current web surgical
education. Educators must shift away from the traditional
focus on teacher centred content delivery. The web remains
impersonal. Social constructivism, collaboration and two
way communications need more focus. We propose some
recommendations and suggest that these should apply to
any medical education website for pedagogic rigour. These
highlight the exciting opportunities for future research in
assessing educationally balanced web technology as a
solution for consistent ‘out of operating room’ training in
surgery amidst increasing service commitments.

Keywords: Web learning, Internet learning, pedagogy,
surgical education, medical education

Introduction

Our intention in this paper is to investigate how current
surgical web based education utilises established pedagogi-
cal principles.

We believe that the web medium must become an inte-
gral element in the delivery of surgical education in the
future. This necessity arises from major working pattern
changes that doctors have recently faced which restrict the
time available for teaching and learning. Legal limitation of
doctors’ working hours in Europe and the USA, the conse-
quent conflict between training and service delivery and the
constant search for efficient use of resources have become
powerful interlinked forces that demand new ways of
teaching and learning. The deep rooted surgical tradition of
learning by apprenticeship and lectures, embodying the

Halsteadian concept of a hundred years ago, has not
evolved.! Teaching by traditional methods may well prove
less productive for achieving consistently high learning
experiences in the current environment. In a Scottish basic
surgical trainee survey on the 40 hour European working
week, 81% of trainees felt that only 40% or less of their time
was actually spent in surgical training compared to service
provision.” In the 80 hour working week of the American
surgical residency programs, 40% of residents felt that more
than half of their time was spent on pure service delivery.’
In this new environment, there is less trainee-trainer
contact time for education.

In this context, we feel that the web medium offers a
compelling solution. Invented by British scientist Tim
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Berners Lee in 1989, the web has now become a social force
and has changed forever the way people on Earth com-
municate. We believe that the internet holds the promise to
reintegrate the trainer and the trainee across physical and
temporal boundaries, and provides a teaching and learning
‘solution” at either’s convenience. But the Internet has not
integrated effectively with serious education, in comparison
to its widespread use in commercial and social spheres of
human activity.

“Today’s generation of students have been termed mil-
lennial learners or the Net Generation, because they have
been raised in a media-rich environment and live in an
information-centric world. Many of these students have
surfed the Internet since early adolescence, have purchased
clothing and concert tickets on the Internet and communi-
cate with peers via multiple instant messaging windows....”.*

The UK-based committee of inquiry into the changing
learner experience cautions: “The world they (young
people) encounter in higher education has been constructed
on a wholly different set of norms. Characterised broadly, it
is hierarchical, substantially introvert, guarded, careful,
precise and measured. The two worlds are currently coexist-
ing, with present-day students effectively occupying a
position on the cusp of change. They aren’t demanding
different approaches; rather they are making such adapta-
tions as are necessary for the time it takes to gain their
qualifications. Effectively they are managing a disjuncture,
and the situation is feeding the natural inertia of any
established system. It is, however, unlikely to be sustainable
in the long term. The next generation is unlikely to be so
accommodating and some rapprochement will be necessary
if higher education is to continue to provide a learning
experience that is recognised as stimulating, challenging
and relevant”.’

This combination of changes in surgical working times
and the revolutionary influences of the web is making web
based surgical education increasingly attractive. The intro-
duction of the European Working Time Directive (EWTD)
is an opportunity to modernise services. It provides an
opportunity to emphasise the need for strong clinical
leadership and involvement in medical education.® We
believe that traditional onsite surgical training must be
critically re-examined to separate the ‘cognitive phase’ from
the ‘performance phase’. To increase the efficiency and
value of the limited training time in hospital we believe
‘training’ in the first phase must be conducted by innovative
means such as the web.

However, we realise that effective web education must
be based on the principles of contemporary pedagogy. This
forms the basis of our investigation, which is to evaluate
web based surgical education from a pedagogical perspec-
tive. We are not aware of any previous reviews on this
aspect of surgical web education. Contemporary pedagogy
has evolved over the last few decades towards a learner
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centred approach including ‘active learning’.” No longer can
learners be considered passive recipients of knowledge and
skills, but instead should be seen as active participants in the
learning process. Learning is such a complex human en-
deavour that it defies any single unifying theory. Neverthe-
less, we will use a range of learning theories to provide us
with a vocabulary and a conceptual framework for inter-
preting the examples of learning that we observe on surgical
web sites.”

We will be primarily focussing on the ability of web ed-
ucation to deliver Miller’s ‘knows’ and ‘knows-how’ stages.’
This covers theoretical foundations, patient assessment,
decision making and prioritising, procedural steps with
pitfalls and complications, including their management. We
are excluding the hands-on learning of the ‘shows’ and
‘does’ stages because that involves an additional and entirely
distinct set of technology beyond the scope of pure web
platforms. Moreover only a firm grounding in the first two
stages will allow junior to mid-level surgical trainees to
acquire a strong specialist knowledge base to make the
transition into the advanced levels of surgery with confi-
dence.

To sum up the above threads, therefore, our research
aim is to investigate and understand how web based surgical
learning uses contemporary pedagogy. For this, our re-
search objectives are:

1. What are the underlying pedagogical frameworks that
can be observed in current examples of surgical web based
education?

2. How do the types of these pedagogies compare to those
recommended in contemporary educational principles?

3. How are available web technology utilities being used to
produce desirable educational outcomes and what examples
can be described?

4. What recommendations can be proposed to improve
the use of web technology for surgical education?

Methods

A literature search was used to gather the evidence for this
project and hence ethical approval was not required. The
literature search was limited to studies published from 2000
onwards (to June 2010). The Internet and web based
technology came ‘of age’ only in the late 1990s. We believe
that earlier data sets would not be generalisable to 2010 and
for modelling the near future. We used the search engines
of Pub Med and ISI Web of Science. We used only those
available as full text articles.

The initial raw sample search used the following key-
words. For web based sites, the keywords included: e-
learning, online learning, internet learning, web learning,
Web 2.0, computer, information technology, and virtual
learning. For surgical and medical education, the keywords
included: surgery, surgical, medical education, and health



education. To broaden the search, we also used “education”
alone. For pedagogy, the keywords included: pedagogy,
pedagogical, and constructivism.

The following primary exclusion criteria were used to
enrich and focus the material for the primary research
question: computer simulators (other than 2D-multimedia
and animation for simulating realism); 3D environments
and virtual reality such as Second Life; synchronous use of
Internet technology (the European Working Time Directive
with variable off-duty periods make surgical e- learning
more suited to an asynchronous approach); issues of
accessibility (the web is becoming a way of life globally and
this should not be a decisive factor); Learning management
systems such as Moodle, Blackboard, FirstClass, WebCT,
etc. (These are technical delivery and organisational issues
rather than pedagogical issues); reusable learning object
(RLO) models, SCORM, etc - (RLOs represent the next
stage in standardisation of pedagogical ideals, ‘massifica-
tion’, and resource optimisation).

Secondary inclusion and exclusion criteria were used to
further refine the search sample and improve applicability
and generalisation. The inclusion criteria used are surgical
specialities, institutional studies, academic bodies, learning /
teaching model & method investigations, focus on design of
online learning environment, focus on learner participation,
focus on learning styles, discussion of pedagogy, and in
general a fuller educational package focus via the web. The
exclusion criteria used are non-surgical (medical) speciali-
ties (unless it has strong web message), very small numbers
of learners<20, Allied health professionals including Nurs-
ing, weak description of web design and utilities with main
focus on results, main focus on online assessment/MCQs,
or a unilateral focus on a specific web tool such as wiki, pod
casts, forum, etc.

A secondary search of ‘multimedia’ in surgical educa-
tion was also done, using the additional keyword -
multimedia. This was undertaken as, we feel, multimedia is
pivotal to understanding surgical anatomy for surgical
procedures. Guided by Mayer and Moreno' who defined
the theory of cognitive overload in multimedia learning, a
theoretical framework that best explains the full pedagogic
potential of any multimedia material, we felt that the web’s
increasing ability to deliver rich multimedia deserved
further focussed analysis.

Web pedagogy mapping and analysis

The description in each paper was then critically analysed,
against a set of contemporary pedagogical frameworks, to
evaluate the web design and uncover the educational
approaches that currently support web based surgical
education. ‘Pedagogic data’ was thus generated by mapping
the pedagogy found in the identified web-sites to the
following learning theories: traditional didactic (behaviour-
ist), cognitive constructivist, social constructivist, situated,
humanistic. This data was tabulated under ‘manifested web
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pedagogy’ within Table 1. The data thus acquired was then
analysed and summary statistics produced.

The following description of distinct pedagogical per-
spectives gave us the objectivity to critically analyse the
educational environment(s) in each of the papers.

Behaviourist perspective

Here, observable behaviour rather than internal thought
process is the locus of learning. The environment, not the
individual learner, shapes behaviour. Behaviourist instruc-
tional strategies rely on the development of a set of instruc-
tional sequences (content) with predetermined outcomes,
and have been the primary approach to teaching since the
mid- sixties. Seels and Glasgow described the process as
“defining what is to be learned, designing and refining (and
reinforcing) the instruction until the objectives (assessment)
are met”."" This behaviourist stimulus-response orientation
has dominated much of the traditional teacher-centred
Instructional design. Pedagogically, this propagates a
‘passive’ and arguably superficial learning approach.

Cognitive constructivist perspective

Cognitive constructivism is based on learning from internal
cognitive processes rather than by absorption of infor-
mation from the external world (behaviourism). Here the
learner is the most active component of the learning process
and builds their knowledge and understand on the basis of
previously acquired material. Teachers facilitate awakening
of understanding in the learner, and do not simply transmit
it. This requires varied active learning strategies and facilita-
tion of authentic and interactive activities of exploration,
questioning, experimentation, examining mistakes, use of
autonomy and creative problem solving, etc. The eventual
meaning is constructed actively by the individual learner,
and he/she then makes sense of the experience. It focuses on
concept development, deep understanding, and creativity.

Social constructivist perspective

This is rooted in Vygotsky’s emphasis on the importance of
social interaction and dialogue for the development of
higher cognitive functions.” Here knowledge is co-
constructed when individuals engage socially in talk and
activity about a shared task. Learning occurs through
engaging, incorporating, and critically exploring the views
of others, and new possibilities of interpretation are opened
through the interaction.”’ Here learning is a cooperative as
well as a collaborative social dialectic process.

Situated learning perspective

One cannot separate the learning process from the situation
in which learning is presented. Barab and Duffy suggest a
socio-psychological view where every effort is made to make
the learning activity as authentic to the social context in
which the knowledge or skill is normally embedded.* Such
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situations include case based learning; problem based

learning and cognitive apprenticeships."

Humanistic theory

This is based on the unlimited human potential for growth
and the desire to achieve ‘self-actualisation’. Abraham
Maslow focuses on human motivation as a hierarchy of
needs that include belonging, self-esteem, and self-

actualization.'®

Carl Rogers’ characteristics of person-
centred learning include personal involvement, self-

initiative, self -valuation and meaningful engagement."”

Andragogy

Malcolm Knowles introduced the term: the art and science
of adult learning."® Adult learners are self-directing and
capable of determining their own needs. Andragogy is
firmly rooted in Humanistic Theory. It may tend to ‘mini-
mize’ or rather refocus the dominating role of the teacher.

Web pedagogy exemplars

We will highlight the web methods that successfully illus-
trate how to provide these learning experiences. These serve
to provide meaningful practical insight to the various
pedagogical perspectives.

Web-learning tools analysis

Each paper was also analysed in terms of the following web-
learning tools made available in its design; static
text/images, rich multimedia, video/animation/audio,
asynchronous discussion boards, Web 2.0, wiki, blogs,
podcast, just in time' links, links to resources, mobile
learning,  cognitive/learning  style  options,  topic
search/content mapping, and non MCQ assessment/Script
concordance. These qualitative details are also tabulated in

Table 1.

Results

Initial raw search using the keywords ‘web learning’,
‘internet learning’ and ‘online learning’ yielded about 1805
results. This was narrowed to 664 studies with the keywords
‘medical education’ or ‘health education’. When further
focused to ‘surgery’ and °‘pedagogy’, it yielded about
70 results. Applying our inclusion and exclusion criteria,
our search protocol resulted in 25 final studies that qualified
for inclusion in our research project. These studies are
detailed in Table 1. Eight randomised controlled trials are
included.”””* Four publications from surgical professional
bodies are found.****** Table 1 gives the breakdown of
sample size in individual papers within our study popula-
tion. Sample size information was present in 17 studies, to
give a total of 1474 predominantly surgical professionals.
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3031 were the

One meta-analysis and one systematic review
only two significant studies of this type to be found in
medical education (Table 1). These studies included all
medical and allied health professionals. The focus was
mainly on concrete outcomes using the knowledge gain
measures from test results of web based medical education.
The predominant tool was the multiple choice question.
Cook found that though web based instruction is undoubt-
edly effective for knowledge learning, it is neither superior
nor inferior to traditional teaching methods.” The review
by Chumley-Jones” also demonstrated no significant
differences in knowledge gains by web based interventions.

Using the defined pedagogic frameworks, the ‘pedagogic
data’ breakdown is shown within columns 5 to 9 of Table 1.
Analysis of pedagogic data revealed the following summary
statistics that are displayed in Table 2. It is evident that
overlapping pedagogical styles in the delivery of learning are
apparent in web-sites. Fifty two percent of studies were
clearly dominated by the traditional didactic approach
where content delivery was the focus. The design of ‘pack-
aged lecture/content’, followed by MCQ was the most
common. Forty three percent of the studies met the cogni-
tive constructivist pedagogy criteria in which participants
build up their understanding by interacting with authentic
case-based clinical situations and are able to work through
the clinical cycle receiving suggestions and feedback as they
progress.

Twenty one per cent of the studies had a social con-
structivist flavour, in which there were opportunities for on-
line discussion either with peers or instructors or both.
Elements of Maslow’s humanistic perspective'*were seen in

these studies™*”'""

comprising 21% of the group. Efforts at
self-directed learning were evident in 13% while learner
generated content was seen in 9%.

The data for specific web tools employed in creating the
learning environment are shown in Table 1. This data
analysis yielded the results that are as shown in Table 2. The
use of wikis, blogs and podcasts were found to be non-
existent despite the fact that most of these tools have been
available since 2004. There is a 17% prevalence of discussion
board use. Certainly text and static image based web tech-
nology, echoing its humble origins, still persists in as much
as 48% of web screens. The more bandwidth demanding
rich multimedia is present in about 52% of web learning
sites.

In our analysis, cognitive and learning styles options
were seen in 22% of sites. Topic search and index maps
were available in 13% of the study population. This reflects
the prevalence of ‘adaptive design’ within a humanistic or
learner-centred pedagogy.



Table 1. Pedagogic breakdown of surgery web sites (25 eligible studies)

Author, Participant Study type, size Manifested web pedagogy Learner
year, . . >7"7 Approach, web tools and materials adaptive
speciality duration L Cognitive Social .
country Behaviourist . . Others design
constructivism constructivism
Peska Osteopathic RCT Discussion board with patient care scenarios. No N/A Yes Authentic, No
2010 medicine, 63 Text based assignments and group collaboration and Discussion board contextual,
USA® gen surgery, 8 weeks summation adult learning
orthopaedics
Fordis Primary care RCT Web Video CME (Multiple sessions) versus single No Minimal Yes / limited Spaced vs bolus Yes
2010 physicians, CME 97 lecture. Optional 45min web learning (cognitive Multimedia
USAY on 2 weeks Email for feedback, multimedia combination options conference with polling instructional theory) options,
heart disease (video, audio, text, slides) slides (synchronous) reference
links
Pugh Surgical educa-  Review ANGEL learning management system. curriculum Yes No Yes - Discussion board ~Contextual and No
2009 tors US surgical with textbook and journal All pre- post at least once during humanistic (with ward
USAY committee on residency links, videos, link to other websites, quiz, prescribed rotation — moderated  issues)
education discussion board content discussion of issues that
arise during ward care
Larvin UK Surgical Review e-STEP : RCS England No Yes Yes Humanistic, Yes
2009 e-Education BeST : RCS Glasgow Discussion board with  pastoral support, Search
UK?* Royal Colleges of BST Online : RCS Edinburgh Salmon e-moderation,  learner generated facility in
Surgeons (RCS) case based studies, multimedia (AV, animation), anonymity of posts. content e-STEP
digital mobile media, topic search,
image bank, MCQs
Wu Senior residents  Prospective Practise based, self-assessment, accuracy of initial No Yes No Reflective practice, N/A
2009 gen surgery 7 clinical impression and final worked up diagnosis. self-directed learning,
USA* All consults logged, text only. Accuracy scores learner generated
calculated
Kerfoot Surgery - RCT Bolus versus Spaced web education. Text based case ~ Yes Minimal No Cognitive processes & No
2008 urology 211 scenarios. Spaced education initiated by emails, with a memory retention
USA® 10 weeks link to web material.

MCQ, feedback answers.

Int ] Med Educ. 2012;3:21-36
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- ) Manifested web pedagogy Learner
Author, Partfa%) ant Study. type, size, Approach, web tools & materials adaptive
year, speciality duration L. Cognitive Social desi
Behaviourist L. . Others esign
country constructivism constructivism
Risucci Surgical residents Observational. Web curriculum. Case based interactive scenarios. No Yes No Adult learning No
2008 Yr 1, via surgical 31of 250 available Toolbar access to charts, reports. Embedded just in (motivation- just in
USA% program time refs. time ref links).
directors History taking, ‘perform’ physical exam,” order’ tests, Humanistic: ability to
‘recommend’ treatment. ‘restart’/‘tensions’ as
All text based feedback available for actions and case progressed.
choices made.
Chenkin Emergency RCT Procedural skill teaching. Yes No No None None
2008 medicine Non inferjority ~ Web module versus didactic teaching.
Canada®! residents and 21 (Ultrasound guided vascular access — central line,
staff physicians arterial line and peripheral iv).
Video, animation, text, MCQ
Corrigan Medicine Trial SURGENT - problem based clinical scenarios with ~ No Yes No Situated None
2008 final year Non realism in approach. Long and short cases. Access to
Ireland” randomised labs, radiology. Clinical photos. Interpret and
115 manage. Interactive — results vary per actions.
1 year Feedback
Bevea Family practice 3 group non RCT  Skill learning - Particle repositioning manoeuvrein ~ Yes No None None No
2008 residents on ENT 25 vertigo. Web module vs classroom lecture vs small in web module
Canada™ skill 15min web group clinical instruction.
module Slides, images, text. No audio-video. quiz
Maddaus Surgery residents Observational WebCT / Vista: Re-integrating and de-constructing ~ Yes Yes No online discussion Humanistic: No
2008 (Thoracic, 2 years clinical rotation competencies into web course Partial board. Residents feedback
USA* bariatrics, modules. Multimedia (not clearly specified), mainly But instead uses collabo- used to alter the design
oncology, text based, Online lectures PDF, cases, resource links, ration via hybrid face to - learners as co-
pediatrics, critical assignments - Pre — Post MCQ / Oral exam face discussions oppor-  developers and
care) tunistically during ward / reviewers
theatre encounters.
Smolle Medical students. Observational Interactive content, diagrammatic animated simula-  No Yes No None Yes
2007 Thoracic trauma 41 tion for enhanced case based scenarios. System responds to Cases can go wrongor 4 content
Austria® 4 modes of presentation — physiology, injuries details, treatments selected right presentation
treatment effects, random injuries for management styles
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Manifested web pedagogy

Author, Participant Study type, size. Learner
year, . . > > Approach, web tools & materials . i adaptive
speciality duration L. Cognitive Social kK
country Behaviourist . . Others design
constructivism constructivism
Dance Medical students, Observational Web cased case discussion. Alternative to fear of No None Yes Humanistic No
2007 Surgery rotation. ‘evaluation” on ward rounds. Case discussion, less apprehension
USA® 28 3 groups, 9 students each with 2 facilitators interlaced with inpatient
2weeks issues
Kallet Surgery Randomised WISE-MD. No Yes No ? Web equivalent to No
2007 93 Realistic video & animations for learning on a Script concordance Cognitive Apprentice-
USA* 8 weeks ‘surgical bloodless field’. Intra-operative video clips, testing ship
resource links, text, script concordance testing.
Kerfoot Medical Students RCT Web vs clinical teaching Yes No No None None
2006 in 286 Text based clinical scenarios.
USA* Urology, 4 2 weeks MCQ on management with
medical schools. feedback
Friedl Medical students RCT La Medica. Yes Yes No None Situated
2006 and junior 126 Rich web multimedia vs printed text/image. Complex partially Interactive multime- cognition
Germany* residents. spatial anatomy learning in surgery. structured dia
Cardiac surgery Video, audio, animation, images, 2D/3D model, MCQ instruction
Friedl Junior residents. RCT La Medica. Yes Yes No None Situated in
2006 Cardiac surgery 3 groups Differing multimedia instructional methods & In structured  In interactive
Germany® 195 constant amount of content. Interactive with animate multimedia interactive multimedia
or mark on Images vs structured multimedia vs multimedia (realism)
text/image in print
Ferguson Surgical residents Retrospective BeST Resident Yes No No None None
2006 Year 1 & 2 control study multimedia, presumed text
USA** 19 (tools not clearly explained)
1 year Influence of web learning on ABSITE surgical board
exams
Servais Medical students Observational Case based realistic adaptive testing. 25-35 web pages No Yes No Situated Yes
2006 surgery clerkship per case scenario. Multimedia, text, images, radiology, Realism. Topic index
USA* labs. Topic index available, resource links. MCQs Humanistic for depth of
presented as per responses. Text feedback prompts (Non-threatening learning

and links.

environment for
complex issues)

Int ] Med Educ. 2012;3:21-36
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Author, Particioant Study t ) Manifested web pedagogy Learner
year, ar fc1¥)an " y, VB, S126 Approach, web tools & materials adaptive
speciality duration L Cognitive Social .
country Behaviourist . . Others design
constructivism constructivism
Gold Thoracic surgery RCT CD-ROM (videos)/ web hybrid. No Yes No Situated Yes
2005 directors 138 Content presentation & selection options for depth (Case scenarios with Cognitive
USA* association 3 years or breadth. 75 learning modules in 13 textbook like videos) and Learn-
curriculum sections. AV narration, radiology, ref links. ing styles
project. or as 12 clinical scenarios catered
Residents
Healy Medical students, Observational iCAL-SURG. Yes No No None No
2005 Surgery rotation 148 Lectures notes on web as PowerPoint, word, pdf.
Ireland® 14 week per Questions and answers.
group, 2 years Pictorial OSCE and questions. Correct answers for
assignments posted a day after
Meier Year 1 Observational Learning common postop complications (MI, Sepsis, Yes No No None No
2005 residents 16 Pulmonary edema).
USA%* general surgery 4 months Web content to complement simulator learning. ?Text
based (web tools poorly described)
Bernado Medical students Observational CD web hybrid. Yes No Yes - rudimentary None No
2004 surgery 56 Videos, text reading, images. Messages are posted on a
Brazil* 5 weeks Questions and quiz. discussion blackboard.
Feedback answers Reply from tutor posted
on FAQ.
Cook Multi Systematic review Web arm vs no web (traditional). Variable Variable Variable Variable Variable
2008 institutional & meta-analysis.  Various web utilities.
USA* Multi specialities 201 eligible Focus on knowledge gain effectiveness via web
in medicine and  studies from 1990 education. Satisfaction & behaviour modification also
surgery in USA  to 2008 era looked at.
Jones Medical and Review and Web utilities not individually described N/A N/A N/A N/A N/A
2002 surgical. meta-analysis knowledge gain assessed
USA¥ Multi 76 eligible studies
institutional from 1996
to 2002 era
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Pedagogical mapping

We will not qualitatively elaborate further on those studies
and web-sites that we have identified as using a traditional
didactic pedagogy of text, static images and assessment
other than to positively acknowledge that this method of
learning may be suitable for individuals with particular
‘learning styles’.”*® We will qualitatively elaborate next on
studies and web-sites that manifest the other more contem-
porary pedagogies. Table 1 has specific details under mani-
fested web pedagogy and learner adaptive design.

Table 2. Pedagogy in surgical websites

Pedagogy n (%)

Learning theories

Traditional didactic (behaviourist) 12 (52)
Cognitive constructivism 10 (43)
Social constructivism 5(21)
Humanistic 5(21)
Situated 14 (61)
Self-directed learning 3(13)
Learner generated content 2(9)
Web tools

Static text / images 11 (48)
Rich multimedia - video , audio, animation 12 (52)
Asynchronous discussion board 4(17)
Web 2.0, wiki, blogs 0
Podcasts 0
‘Just in time’ links 3(13)
Link to resources 6 (26)
Mobile learning 1(4)
Cognitive or learning style options 5(22)
Topic search / content mapping 3(13)
Non MCQ assessment / script concordance 1(4)

Cognitive constructivist design
The web learning site by Risucci® provides an exemplar for
using an interactive case based approach. The learner’s web
journey is embedded in a real life situation on the ward
where the learner interacts with patient scenarios proceed-
ing through the clinical cycle of history taking, physical
exam, ordering tests, reviewing of results and recommend-
ing treatment. The scenarios have ‘just-in-time’ reference
links for feedback and guidance, in addition to other static
links to learning materials. The progress of the case varies
depending on learner inputs. This creates an authentic and
situated context in addition to being cognitively supported
by timely feedback and suggestions for further reading and
reflection. The whole scenario is further enveloped in a
Humanistic context in that if the case management is going
wrong, the learner has the option to ‘re-set’ and start again,
without the fear of summative assessment.

The web design by Corrigan”” and Servais® operate on
similar lines. The WISE-MD e-learning environment by
Kalet” expands on this theme by adding the situational

Int ] Med Educ. 2012;3:21-36

realism of surgery by using rich multimedia. Here video and
animation are added to the case scenarios to create a
‘bloodless’ operative scene. This resulted in an improve-
ment in ‘self-efficacy’ and led to increased comfort in
interacting with the consultant surgeons in real operating
rooms in about 38% of students. The La Medica e-learning
site by Friedl* is an exemplar of the kind of research that
investigates the advantages of good pedagogy. Here the use
of rich interactive multimedia with 3D animations allows
the spatial relationships of surgical anatomy to be better
understood, leading to significantly increased procedural
task and knowledge competence as a second assistant in
theatre, as assessed by the consultant operating surgeon.
Here, multimedia was compared to exactly similar content
given as print media and pictures.

The design by Smolle” provided learning on chest
trauma using interactive complex diagrammatic anima-
tions. Themed modules (chest and lung physiology, treat-
ment options, injury patterns and treatment effects, random
cases) were available to the learner to select from. This
caters to different learning styles. Learner satisfaction was
82.9%. 17% expressed the importance of the trial and error
process of getting to understanding how to manage an acute
surgical scenario.

Social constructivist pedagogy

A closer look at social constructivist pedagogy, character-
ised by co-operation and collaboration, reveals pedagogic
nuances. The innovative study by Peska and Lewis* uses a
discussion board with 5 groups of 3-5 students each. These
surgical students interact and come up with a final written
report of a case scenario solution within 8 weeks although
the amount of student-student interaction, critical analysis
of ‘knowledge’ and modification of learning achieved were
not available from the data published. However, the study
by Pugh® revealed that the surgical program directors felt
that the time and effort needed for the discussion board was
not a ‘time-saver’ and was rarely used. On the other hand
the e-STEP website of the Royal College of Surgeons of
England®™ was exemplary in that it followed Salmon’s 5
stage model of e-moderation.” Their website statistics also
showed the common phenomenon of the ‘lurkers’, those
who prefer to read and reflect on others’ posts without
actively contributing themselves. This complicates social
constructivist issues and raises the importance of differing
learning styles.

Humanistic pedagogy

Some studies provide some examples of humanistic peda-
gogy where individual learner’s needs are emphasised.”***>
* Pugh” describe web environments that allowed surgical
residents to post issues that arose during routine ward care
for a moderated discussion. This was an extra facility in
addition to their site’s otherwise didactic aspect. Larvin®®

refers to the availability of pastoral support on a discussion
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board. Maddaus* describes surgical residents who were
involved in expressing their learning needs and actively
participating in the design of their own e-learning web site.
This approach led to a distinct change in the resident
population behaviour with almost all fully utilizing and
engaging with the e-learning environment. Non-threatening
learning environments of acute surgical scenarios, such as
those exemplified by Ricussi” and Smolle” provide the
humanistic blanket to learners and allow better assimilation
of learning.

Self-directed learning
42-44

The following studies illustrate examples of learner
motivation and sites that encourage self-directed learning.
Surgical residents in the design by Wu" used their
e-learning site to log data of initial diagnostic impressions
and later final proven diagnoses, to reflect, learn and
improve clinical practice. In the study of Maddaus,” resi-
dents themselves helped align the e-site to resident directed
needs. In the study by Dance,” surgical students organized
into groups and posted and discussed case scenarios with
peers and senior residents on a discussion board. 50%
subsequently found that this was beneficial to their learning
experience.

Mobile or m-learning

The only study that took the leap forward into the way of
life of the ‘digital natives’ was the Royal College of Surgeons
of England e-STEP learning site that had information that
could be downloaded into mobile digital devices.”

Situated

The frequency of situated, authentic and contextual content
in web sites was seen in about 61% of the study population
where video and multimedia of surgical processes was
common. For a surgeon, one of the most crucial under-
standings required is that of surgical anatomy. The La

Medica e-learning site by Friedl*

demonstrates the power-
ful nature of multimedia that can be provided on the
internet. Multimedia was defined by Clark and Mayer® as a

medium containing both text and graphics.

Multimedia

Rich multimedia was seen in about 52% of our studies. Our
secondary search result on multimedia in medical education
with a pedagogic focus is detailed in Table 3.

Exploring the pedagogic concepts behind multimedia
use, Dubrowski*® studied how 12 medical students actually
made use of surgical videos to learn surgical knot tying. It
clearly showed a difference in the perceptions of what
teachers felt as the ‘important steps’ compared to the
segments in the video that students felt to be more im-
portant and actually viewed for learning. Students preferred
slow motion sequences rather than real time speed. The
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slow motion was able to better ‘de-construct’ the surgical
steps. Dilullo” studying 260 medical students found that
videos increased self-efficacy in 59% in achieving good
dissections in anatomy. Similar scenario exists when surgi-
cal trainees receive less operating time exposure. Choi*®
reviewed the characteristics of 25 surgical anatomy websites
sites. They found evidence of cognitive constructivism and
interactivity with multimedia in only about 15% of sites.
They concluded that animations, layering, zooming and
rotation of graphics facilitated the understanding of spatial
anatomy. Supplemental clinical photographs and operative
images gave contextual motivation for plain text. Re-
focussing on our research sample, amongst the 12 studies
with multimedia tool provision, only 4 studies™***** (33%)
demonstrated the nuances described by Choi.* The web
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design by Fried]* is an excellent example of this with the
ability to mark on the cardiac surgical image or animation,
which corresponds to an intraoperative step. This later

increased the self-efficacy in theatre.

Finally, we found that in only 2 papers did we see a
combination of pedagogies being synergistically applied.
The study by Maddaus®” used social constructivism in a
hybrid fashion with face to face discussion rather than web
based discussion board. The study by Larvin (e-Step) had a
good combination of pedagogies supporting each other.”®
The study by Pugh made early but uncommitted steps with
implementation of social constructivism.”

Discussion

This study has highlighted the significant variations in the
implementation of web based education within various
surgical programs. A mix of pedagogies exists within these
e- learning environments with a preponderance of the more
traditional didactic methods where content is pre-packaged,

31 to date indicate a

consumed and assessed. Major studies
pre-occupation with recording web learning outcomes in
terms of knowledge gains, and are conspicuous by the
absence of any data on their pedagogical basis. Reassured by
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the web’s ability to secure knowledge gains
other pedagogic considerations must be emphasised in
future. The poor prevalence of social constructivist peda-
gogy is an important starting point to focus our thoughts.
The web medium remains isolated from the ‘human touch’.
Two way communications, with the visual and audio cues of
people concerned are lacking. Heavy emphasis remains on
impersonal content and knowledge transmission (though
an important element) as judged from the high behaviourist
incidence. We believe a multi pedagogic perspective and
sequence should play a pivotal part in giving websites a
chance to become an enduring teaching and learning
medium for trainees. Web education should focus on the
processes of learning instead of just content delivery.



Table 3. Summary of critical papers on multimedia in medical education

Author, . Study type,
Participant | .
Year, L size, Reasons for study/background Outcome assessment Manifested pedagogy
Country speciality duration
Choi Anatomy. Review. Critical review of e-anatomy resources for Only 5 websites (out of possible 34) Cognitive constructivism
2008 for surgical 25 eligible effectiveness for surgical anatomy were classed as most useful for Realism/situated cognition/
New learning ~ websites  learning. learning. contextual.
Zealand*® evaluated  Inclusion: entire body anatomy sites only. Desirable Features : Adult learning. Self-efficacy.
Exclusion: specialist or organ based The ability of computer graphics to Reflection.
anatomy sites. use layering, zoom, and rotation of Cognitive styles - field
To define good website features for 3d models to facilitate spatial dependant and field inde-
learning. anatomy understanding. Accom-  pendent (navigation)
panying succinct notes. Podcast Learning styles — not all are
tutorials and audio-visual lectures. visual learners (audio provi-
Good road map / hierarchical sion).
indexing of contents
Dilullo Medical 260 Ability to perform successful anatomy 75% improved self-efficacy for Pavio’s dual coding effect
2006 students dissections, without damaging structures. dissections Instructional theory
USAY Multimedia effectiveness over lack of time 58% felt text helped clarify video

for personal tutor instruction.

Majority wanted audio narration

Video clips - short <120sec, 2-7 sequences instead of text

per dissection module.
Text only narrative/no voice over

Dubrowski Surgery

2005 for surgical instruction and learning

Canada®®

live patients in operating theatre.

Videos in 2 modes - slow motion &

How to effectively use video instruction

Slow motion preferred over real Instructional theory

time speed.

procedural skills. Instead of ‘practising’ on Trainee and trainer focus did not

agree or match.
(Trainee viewed more ‘looping of

normal speed. Segmented the 240sec clips sutures’ whereas Trainers felt

into 28 bins @10sec each. To look at
which parts of skill the trainees focussed

(and what trainers need to know)

‘suture placement’ and ‘hand
movements’ were more important)

We will summarise our arguments on this very process of
presentation and creation of content. Behaviourist ‘static
content’ predominated in 52% of sites. Between various
surgical websites, similar topics need similar content. If each
institution were to create its own basic content, we believe
this ‘content re-creation’ (especially text and simple image
based) becomes a wasteful effort. It is also resource heavy.
Importantly, web based e-learning environments should not
become a ‘Fast-Food’ service for content. In an era of
instant information access on the web, learners have be-
come more impatient and have a tendency to ‘surf and
‘re- surf the net for readymade information. We believe
that educators should not continue to maintain an undue
focus on content creation driven by a content search engine
mentality. Surgical web sites should be more than just on-
line surgical text books.

Content can be more effectively presented by ‘just-in-
time’ hyperlinks to time honoured textbooks (or access to
electronic subscription of a prescribed textbook), all within
a local curriculum. This would be more resource efficient.
Just in time links were present in only 13% in our study.
Alternatively, content can be accessed via index/topic search
/content maps. This facility was only present in 13%. More
novel types of content should be individually produced.

Int ] Med Educ. 2012;3:21-36

Podcasts, found to be underutilised in this study, are a
powerful method for ‘creative’ and ‘humanising’ content
presentation and imparting a realistic feel to the online
learning environment. The power of the human voice has
been beautifully described by Cambell.”

“There’s also considerable value in what I call the ‘ex-
plaining voice’, the voice that performs understanding. The
explaining voice doesn’t just convey information; it shapes,
out of a shared atmosphere, an intimate drama of cognitive
action in time. The explaining voice conveys micro-cues of
hesitation, pacing, and inflection that demonstrate both
cognition and metacognition. When we hear someone read
with understanding, we participate in that understanding,
almost as if the voice is enacting our own comprehension.
In other words, the explaining voice trains the ear to listen
not just for meaning but for evidence of the thought that
generates meaning. Photographs are undeniably powerful,
and perhaps a picture is worth a thousand words, but a few
words uttered by a dear voice may be worth the most of all”.

Moving on to the visual cues, rich multimedia was pre-
sent in just half of our study population while Interactive
rich multimedia was present even less, at a third of the
multimedia. The latter increases the self-efficacy of the
trainees as shown by Kalet” and Friedl*. Edited multimedia
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of surgical scenarios and procedures should also take
precedence. The multimedia study by Dubrowski'® gives an
educator valuable insight into the needs of the surgical
learner. The learner watching a skill executed at ‘real speed’
by the expert (at his Bloom’s ‘automatic’ level on the psy-
chomotor domain),”® may not be as easily learnable and
transferable, as the experts might imagine. The study
essentially gives valuable insight into critical planning while
designing multimedia, rather than ‘shoot and upload’ raw
image approaches. The exemplars of cognitive constructiv-
ist educational methods (present in less than half of study
population) described in the results section bring out the
more creative use of readily available resources. Well-
designed multimedia content can significantly support the
‘shows how’ phase of skill acquisition. The web holds great
potential for better constructive learning, moving beyond
the conventional ‘see one, do one’ or ‘assist and watch’
approaches of traditional surgery. We believe the conven-
tional is both time consuming, educationally unsound, and
also fails to deal with the problem that ‘the eye does not see
what the mind does not know’.

Next, the arrival of Web 2.0 and social collaborative
tools have not left a significant mark on surgical education,
judging by the 25% prevalence in our study. Discussion
Boards were found in 17%. An equivalent to a Web 2.0
instrument, its prevalence may be related with the fact that
it has existed for more than 2 decades in its alternative mail
based internet platform. Another exciting tool that is non-
existent in our data is the use of wikis. Wikis uphold the
Vygotskian concept of socially constructed knowledge
creation. Blogs are another ‘discussion media’ that are easier
to use. Again it was not in vogue in our surgical study
sample. The Salmon model - Table 4 shows the Salmon’s 5
stage model which provides the much needed and perhaps
unappreciated insight and objectivity to analyse online
social constructivist pedagogy, when presented on the
web."" We feel therefore this needs a brief elaboration here
for the benefit of readers.

Stages 1 to 3 achieve ‘knowledge cooperation’ while
stages 4 to 5 achieve ‘knowledge collaboration’. The latter
stages complete the full social constructivist pedagogy,
which would de-construct to the following: “thinking and
responding to other's ideas, widening own viewpoints and
appreciating differing perspectives, offering ideas, having
them criticised or expanded on, reshaping or abandoning
them, in the light of peer discussion” - Rowntree.” This
higher pedagogy needs dedicated threading and develop-
ment of the posts with e-moderation. This level of detail was
not present in the study by Peska and Lewis.” Also the ‘free
ride seeker’ or ‘lurker’ must be identified and encouraged to
participate. This raises a salient research issue of how to
effectively achieve the intended pedagogy from collabora-
tive web tools, and reminds that the mere provision of a web
tool does not translate to pedagogy. The study by Pugh” is a
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case in point. “It is ironic that what some take to be dehu-
manizing technology (web) may actually need teachers to be
more empathetic and considerate”.”

In general, why is the use of ‘Web 2.0°, which is in vogue
as a social connective technology, not being reflected in
medical educational use of the web? Sandars and Schroter®
and Sandars and Morrison™ give contemporary evidence
from a horizontal survey of medical professionals’ use of
Web 2.0 tools. More than 50% of the e-educators were not
accustomed to these newer web tools educationally, though
more than 50% of Net Generation medical students appre-
ciated their use in learning. This discordance between
‘digital immigrants’ and ‘digital natives’ respectively leaves
us to conclude that ‘education about education’ is more
relevant now than ever before. The role of informed e-
educators is pivotal. Educators need to understand the
dynamics of online social constructivism. Dedicated time is
needed for these web affordances. When appropriately
harnessed, we believe that it leads to more learner satisfac-
tion, understanding and creates a community of participa-
tion that is seeded online and which grows ‘on-ground’ in
the hospital and in theatre.

Recommendations

What we have found therefore is a non-uniform, often
isolated or non-connected means of employing different
pedagogic strategies on the web. The exemplars in our
results section do illuminate the many good web elabora-
tions of specific and different pedagogies. But many of them
lack the provision of ‘conversation or dialogue’ as would
happen in a traditional classroom. Acknowledging and
drawing on Beetham and Sharpe,” we propose that a
combination of different and a logical sequence of contem-
porary pedagogies should be used in surgical web based
environments to create the best possible educationally
sound learning experiences. Otherwise, we believe this can
disenchant the learners from the full potential of achieving
learning via the medium of the web.

Using pedagogy

1. Learners should engage in social constructivist dialogue,
co-construct and create new understanding and bring to the
surface contradictions and ambiguities. Authentic daily
clinical (ward and intensive care), operative, emergency and
on call problems in the learner’s (and/or trainer’s) own
experience can form the substrate of these dialogues via e-
moderated discussion boards and blogs. In addition, non-
clinical but allied training issues can also be addressed
through Web 2.0 tools, providing a supportive humanistic
and non-threatening environment. Learner or trainer
generated regular podcasts are another means to present the
above context in an engaging manner. This will raise the
sense of personal involvement, relevance and collaborative
learning. This is what andragogy'® is based on.



Table 4. Salmon’s 5 stage model - objectivity for online social constructivist pedagogy

. Learning process with
Design . o,
staged aims

e- Moderating
vital aspects

Unique considerations of
‘online talk’

1. Access and motivation

Setting up system and accessing the
web and web tool

Welcoming and Encouraging

Overcoming tech-
nical/computer/ setting up and
connection issues

Provide timely assistance to avoid
frustration and de-motivation

2. Online socialisation

Sending and receiving messages
Familiarising and providing
‘bridges’ between cultural, social
and learning environments
Provision of a ‘Bar’ or ‘Cafe area’ in
Learning environment

virtual third culture

Creating trust Accept ‘Lurkers’ at this stage
opinionators to encourage democratic
participation of the group.

‘Emotional literacy’ vs ‘informational
literacy’

Send ‘private emails’ to strong dominant

Can ask questions without waiting for
turn. Messages are ‘neutral’ and dis-
linked from Appearance (? young or
old), Race or other visual clues.
Encourages everyone to be ‘them-
selves’. Time lag to response allows
more Reflection

3. Information exchange
Searching, personalising software.
Facilitating tasks and conversation
Supporting use of learning
materials

permanently available as text.

Trust/confidence/fear - posting ‘Messiness’ of the Learning environ-

ment.

Group size < 20? Ideal. Need to present
Information volume overload - and link data with regular summary.
not reading all messages, some Acknowledge value of contribution,
read but do not respond, others verification of information provided.
go offline Avoid excessive FAQ - does not inspire
communication. Focus with clear goals.

own ideas and making it

Permanent Record of ‘talk’ - issues
Can pick up or misunderstand threads
Authority and control shifts to
learners for active participation

Easy to ‘Turk’ or ‘browse’ without
contributing - issues with differing
learning styles. Cognitive styles
important — FD can get overwhelmed.

4. Knowledge construction
Conferencing and facilitation
process

viewpoints. Appreciating

Thinking and responding to
others ideas. Widening own

Rise of ‘social clarity’ and co-
construction of knowledge.

Selecting problem based cases where no
differing perspectives.
Vygotsky - offering ideas, a series of ideas.

having them criticised or E-moderator must ask more, challenge,
expanded on, reshaping them in compliment, weave discussions together

light of peer discussion. or provide fresh strand if going off stray.

obvious right answer seen or which need

E-moderator must gradually reduce
dependence of the group on the
moderator.

5. Development Deep constructive learning
Providing links outside closed
conferences

Supporting and Responding

Set up specific tasks to complete

Stages 1, 2, and 3 - a form of
cooperation
Stages 4 and 5 - is true collaboration

2. Having raised the motivation of the learners, the web
environment should take them further. Cognitive Construc-
tivist activities can next assist in reaching the higher ground
of deep learning using a variety of e-learning activities such
as case-based rich multimedia presentations and interactive
scenarios, collaborative assignments via wiki, creating
podcasts on specific issues, blood or radiological investiga-
tions or critical care parameters for diagnosis, computer
aided assessments including script concordance testing.

3. A supportive environment must exist to clarify the facts.
Learners can navigate through ‘ust-in-time’ hyperlinks to
didactic e-learning resources (text, graphics, multimedia,
on-line book chapters, PowerPoint presentations, resource
banks) index and curriculum mapped against appropriate
learning outcomes.

An ideal web learning environment must be seen as a
purposeful journey for deep learning. We emphasize that
the educational principle echoed by William Butler Yeats’
quote from the last century®® remains applicable even for
technology driven education in the twenty first century. The

Int ] Med Educ. 2012;3:21-36

web journey should be one that ‘lights the fire’ in the
learner, and not just fills the pail’.

Using web design

Hence to achieve the above, a seamless combination of all
the following should make the web learning environment
come alive with the human factor.

1. Content is not the start of learning. Contemporary
pedagogy suggests problems and discussions are the foun-
dations of lifelong learning. Focus on e-content instruction
should give way to knowledge construction.

2. A web based e-learning site should not become a content
resource. This would only be akin to recreating summaries
of textbooks. This propagates the inertia of the learners and
promotes behaviourist and superficial learning.

3. ‘Content pre-occupation’ can be reduced by just-in-time
hyperlinks to accepted major textbooks (electronic sub-
scription or hardback) within a curriculum map. This
would be a better use of time and money.

4. There is a need to increase collaborative learning tools on
e-learning sites (discussion boards, wikis, and blogs).
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5. Technology provision cannot be left alone to achieve high
end social constructivist pedagogy. It requires good under-
standing of the dialogue stages and dynamic effort on both
the part of the learner and the educator.

6. Realism and situated learning in surgery can be enhanced
with thoughtfully edited rich multimedia. Such content
increases self-efficacy and cannot be obtained by standard
didactic educational resources.

7. There should be more use of the power of the human
voice. Podcasts are a simple yet powerful and cognitively
enabling technology. Its prevalence is absent in our study
results.

8. A Humanistic pedagogic context should be provided for
better learner motivation and engagement.

9. The role of informed e-educators is vital. Educationally
trained surgeons (and other doctors) have a significant
opportunity here.

The limitations of this study

The study is accurate only as far as the original search
engine results are. There may be publication bias, as not all
existing web education sites may have published data or
evaluations about their site. We did not personally review
the actual web sites as that would need access rights and was
not practically feasible. Our inclusion criteria could be
challenged by others. Our study size of 25 papers is not
large, even though they represent a broad range within the
surgical education community. Our categorization of the
eligible studies into pedagogic types is a qualitative interpre-
tation and is also only as accurate as the information that is
provided in the original article.

Conclusion

Our data derived from the surgical literature would indicate
that a significant portion of current web learning is not yet
functioning as a complete pedagogic package. It may be that
the surgical community is not an exception in this respect
and that this condition may be found in e-medical educa-
tion practices in general. Therefore we would suggest that
our recommendations would apply to any medical specialty
as far as educational principles are concerned. At this point,
we are not aware of any other study on web pedagogy
analysis. We believe the strength of our study is its potential
to elevate awareness and create dialogue about the current
inadequacies of web teaching and learning. We hope our
paper encourages educators to spend more time appreciat-
ing how the next generation of trainees is currently educat-
ing itself (with ambient and ubiquitous technology) and
how educators have the responsibility to learn to incorpo-
rate these media into the curricula. We hope the web will be
used with scientific rigour and become an essential part of
learning and training, rather than as an optional or second-
ary method. We believe the web can increase the efficiency
of the time spent in training, and provide a more uniform
and equally rich experience to all trainees, irrespective of the
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educational inconsistencies in the traditional hospital
service-pressured environment.

Our results thus open up the opportunity for more ex-
perimentation and research in the field of pedagogically
sound medical e-learning. When appropriate pedagogies are
integrated with the social and technological revolutions of
the digital age, the following questions need answering. Will
it lead to a more satisfying and genuinely acceptable
e-learning environment? Can it provide the consistent
continuity, better value for time and effort and will it
emerge as the main training solution not competing with
service commitments? What are the demands imposed on
finances, resources and training the trainer commitments in
the route to a more rounded pedagogic approach? We are
also left with further thoughts. What should be the ideal mix
of the many pedagogical approaches made available? How
much does this mix depend on the different learning styles
as well as self-directed learning abilities, motivation and
methods of learners?

One of the authors of this paper is a cardiac surgeon
who is personally aware of the frustrations with traditional
surgical teaching and learning and who finds the evidence
from this research inspirational and motivating. Over ten
years later, the following extract of a speech given by Bill
Gates to faculty and students of the New York Institute of
Technology in 2000 is still ever more relevant: “The web will
change Generation I's world as much as television trans-
formed our world after World War II. That is why it is so
critical to ensure that new teachers understand how to
incorporate technology into their instruction and that
teachers have the technological training they want and need.
We cannot afford to have any teacher locked out of the
greatest library on earth—the Internet.””

Gorman’s article’s title “From blood and guts to bits and
bytes™ just as well encapsulates the message of this paper. If
everyone shares this conviction developed in this paper, we
hope that web based e-learning in surgery will change the
face of the time honoured ‘face to face’ learning of centuries
past. Educational theory, web technology and surgical
training will then reach a new equilibrium.
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