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Information technology in
dental education

H. K. Yip,! and I. E. Barnes,2

The use of information technology in dental education is
continually increasing. In this article, IT is defined, and its uses
in teaching and learning explored. Examples of the
appropriateness of multimedia teaching in dental education
are given. Successful multimedia teaching, especially in clinical
settings, relies on the proper use of IT and an implementation
strategy. The applications of IT to curriculum development,
computer-assisted learning (CAL), educational administration,
dental practice, hospital administration, and clinical research

are also considered.

Information technology (IT) comprises
electronic systems that are used to create,
acquire, process, store, retrieve, select,
transform, disseminate and use vocal, pic-
torial, textural and numerical information.
Itis increasingly being used for educational
development, including dentistry.
Following the case made by the Evi-
dence-Based Medicine Working Group of
the American Medical Association,! for
the increased use of evidence-based med-
ical practice there was a similar call by
Richards and Lawrence for evidence-
based dentistry.” There is an equal need
for evidence-based dental education. This
paper reviews the development of IT in
dental education from the early attempts
in the use of instructional technology to
more recent developments in IT. Even
now, there remains a lack of focus and
global collaboration in research into the
proper application of these ever-emerg-
ing instructional technologies. Despite
the lack of a systematic approach to
research in IT relating to dental education
it is possible to identify a number of sig-
nificant advances that have been made.
These include curriculum development,
educational management, dental practice
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and hospital administration, and clinical
research in relation to dental education.

The review aims to identify not only the
advances and successes, but also to gener-
ate a view of the potential barriers and
solutions to the implementation of IT in
dental education.

Methodology

The use of advanced technology in
instructional studies has been evolu-
tionary and it is not possible to cover
every aspect of its development. General
education has a long history of research
into IT and the literature is extensive.
Only the most seminal references are
included here. A CD-Rom MEDLINE
search, and a hand searching followed by
an additional CD-Rom Medline search

In brief

@ There is an increasing use of
information technology in dental
education, for education and
administrative purposes.
Developments require to be further
subjected to trial and evaluation.

® An understanding of the learner and
the process whereby instruction is
organised is critical for the successful
implementation of information-
technology based training and
learning.

@ The development of information
technology can be constrained by
cost, and lack of political will and
support.

were carried out using various keywords
such as information technology, infor-
mation and communication technology,
computer, education, dentistry and den-
tal education. Advice was sought from
the Centre of Advancement of Univer-
sity Teaching (CAUT), the University of
Hong Kong.

IT in dental education

The ultimate aim of learning and teaching
is to produce a creative thinker. The ele-
ments of text, sound and image can be
used for group teaching, as in lecture the-
atre presentations, as part of a laboratory
course, or for individualised learning
where the presentation and manipulation
of information is controlled by the partici-
pant.® Despite advances in IT technology it
remains true that the teacher is the prime.
Teaching influences learning,* and the
exclusive use of computers and videos in
higher education has been found not to
come up to expectations.® So, emphasis is
shifting from asking ‘which medium is
the better teacher’ — to the quest for what
‘attributes’ of various media might com-
bine with learner traits under task condi-
tions and performing demands, to
produce different kinds of learning.®

Until recently there has, in general,
been less emphasis placed upon the devel-
opment and analysis of teaching method,
such as the mastery of critical informa-
tion and problem solving skills.” In times
of diminishing resource, added impetus is
given to the development of IT.® However,
this approach has its own problems in
that the information-base is currently
doubling every 5 years, and will soon
double every 4 years. Unless steps are
taken to marshal and sensibly use this
huge pool of knowledge we are at risk of
being ‘inundated with facts but starved of
understanding’’

Many of the earlier dental applications
of IT were medical protocols modified to
accommodate aspects of dental care, such
as the provision of restorative and surgical
treatments in outpatient settings.'? Medi-
cine has greatly broadened its base, and
computer systems developed for medical
practice increasingly find an application
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in dentistry. While the applications in
dentistry may differ, the concepts, prob-
lems, technologies and training needs are
common to both medicine and
dentistry.'I=13 The application of IT to
dental education, research, administra-
tion, and patient care has been labelled as
dental informatics.!* This paper focuses
primarily on the application of IT in den-
tal education.

IT has moved on rapidly from a time
when the desktop PC was used solely for
word-processing, toward networked sys-
tems with access to shared information
databases and with the capacity to trans-
mit data electronically anywhere in the
world.!? Earlier reports of such sophisti-
cated systems, often linked to the univer-
sity network, came from the UK, US and
Canada.!'>!® The American Association
of Dental Schools started to collate
nation-wide information in dental educa-
tion in 1988 and initiated several
projects.'* Considerable advances have
also been made in respect of national and
international cooperation!” despite the
lack of scientific published papers on the
subject.

Undergraduate curricula
Protocols for problem-based learning
curricula in dentistry, involving inte-
grated instructional technology have
already been developed, trialed and eval-
uated.!® The development of such pro-
grammes demands multi-disciplinary
effort, and are expensive.!® In a review
article, Tobin drew attention to the evi-
dence supporting the effectiveness of
technology-based teaching and learning,
though he stated that there is no ‘best’
medium.29 Rather, understanding the
learner and the process of organising
instruction would seem to be critical.?!
Recently, the World Health Organisa-
tion?? concluded that dental education
should be student-centred, and socially
and culturally relevant. If a global per-
spective of dental education is to be
achieved there must be a sharing of
resources such as a standardised cur-
riculum database which comprises cur-
riculum  scheduling information,

course outline information, and con-
tent keywords. Such a development
would cross territories and traverse cul-
tures. A standardised database would
facilitate the preparation of schedules
and accreditation reports. It would
allow on-line access to all course out-
lines, so enabling collaborative plan-
ning between faculties which teach
related subjects.

Another strategy is to place course mate-
rial, images and text in a networked system
within a dental institution (intranet), pro-
tected from outside access but acting as a
channel to the external internet. Instead of
conventional classroom teaching, course
materials and class notes would be supple-
mented through the intranet, allowing
quick and easy updating.??

Information retrieval
The most comprehensive access to inno-
vation and new knowledge comes from
an examination of the published litera-
ture.”* Following the development of new
software and systems, many undergradu-
ate scholars now undertake their own
electronic searches. Even with limited
training, the novice can retrieve around
60% of that which can be retrieved by an
expert.lo

Electronic mail and conferencing,
extensions of previous technologies,
offer significant benefits.> The use of
such telecommunication technology
has been reported to be useful in under-
graduate medical teaching?® and dental
education.?® All types engage tutor and
student (or student and student) in a
two-way conversation and allow an
audience of other students to listen to,
or observe the discussion, by way of a
telephone bridge, or a network.> In
conjunction with the formal introduc-
tion of a totally integrated problem-
based curriculum (PBL) in the Faculty
of Dentistry, the University of Hong
Kong, in 1998, a centralised netware,
WebCT, is now being used to promote
the use of electronic curriculum in den-
tal education.

Electronic mail, conferences and list-
servers are being used by academic insti-

tutions and dental speciality groups.?’~2°

Electronic resource systems such as DEIR
were constructed and allowed access
through the internet.?” Electronic trans-
mission of information is fast expanding
and will soon supplement more tradi-
tional forms of communication in access-
ing information.?! Various packages are
available on the internet as distance-
learning materials (Table 1).3233

The use of distance education and
telecommunications to support class-
room-based instruction changes the
dynamic between students and teachers,
and the nature and location of the class-
room. The use of these technologies is
simple, once the basic skills have been
learned.”>?> The proliferation of elec-
tronic venues for the exchange of schol-
arly ideas and research in dental
education is challenging the traditional
protocols of publication and review.

Postgraduate training

In recent years, GDPs and academics have
resorted to electronic transmission of
continuing dental education courses.'*
Users will be able to download computer-
assisted instruction programs, some of
which contain simulated cases for clinical
assessment and management. A practi-
tioner’s clinical acumen will, in turn, be
assessed and a score generated together
with a critique of his management
approach. Databases in the UK have been
developed for continuing education and
postgraduate training for GDPs.33° Fur-
ther to critical assessment of the pro-
gram’s structure and content, there is a
need for IT support for GDPs to allow
them best to use the programs for con-
tinuing education.’® Such support
might be used for re-accreditation and
re-certification purposes for GDPs who
require evidence of continuing post-
graduate education.?”

Librarians’ role

Dental librarians have traditionally been
among the earliest adaptors and users of
new information technology in academic
centres. They have used computers for
database searching since early 1970s.38
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Table 1 Various learning packages and useful websites in dentistry32:33

Website address

Descriptions

Organisations
http://www.derweb.ac.uk/bscd/index.html
http://www.derweb.ac.uk/
http://www.dentanet.org.uk/
http://www.pitt.edu/~cbw/dental.html
http://www.sci.lib.uci.edu/~martindale/Dental.html
http://galaxy.einet.net:80/galaxy/Medicine/Dentistry/
janicequinn/dentistry.html

Dental schools

http://bharm.ac./dentistry/hot
http://www.bris.ac.uk/Depts/Dental
http://www.elec.gla.ac.uk/TILT/D-Dentistry. html
http://www.umds.ac.uk/elsewhere/dental /denthome.html
http://ch.nus.sg

http://www.siumed.edu/dept/indes.html

Other sources
http://www.butterworth.heinemann.co.uk/ortho/ortho.html
http://www.signet.com.sg/~jonfntan
http://alumni.nus.sg/dental/main.html

Discussion groups and journals
news.sci.med.dentistry
http://www.priory.co.uk/journals/dent.htm
http://www.tambcd.edu/Dental CE/dsc
http://www.vol.it/dentistry/
http://www.odont.lu.se/projects/ADEE/
http://www.derweb.ac.uk./bscd/bsjour.html

British Society for CAL in Dentistry

DERWeb (Dental Education Resource on the Web)
Dentanet: details of CAL programs

The Dentistry Homepage

Martindales Virtual Dental Centre, USA

Internet Dentistry Resources

School of Dentistry, The University of Birmingham
Bristol University Dental School Home Page
Glasgow University TILT Group in Dentistry

United Medical and Dental Schools home Page
Cyberspace Hospital

Southern lllinois University, Problem Based Learning

Butterworth Heinemann, packages in Orthodontics
OMEFR Dental Resources, Singapore
Singapore based

news

Dentistry On-line

Dental Study Club On-line (Baylor College)
Dentistry Tomorrow

ADEE

Journal of Computer Aided Learning of Dentistry

From using fax machines, to the use of
networked computers for the creation of
large databases (eg online catalogues) and
the development of sophisticated teach-
ing learning centres, librarians have been
among the leaders of academic dental
centres in the adoption of IT. Given their
knowledge and expertise in IT, librarians
can make important contributions to the
design and development of an integrated
system for dental education.

The administration and
management of dental education
The academic setting, with its variety of
teaching, research and outreach experts is
an ideal context in which to test and fur-
ther develop continuous improvement
processes in management.>® IT holds
considerable promise of dealing with
these problems in a comprehensive, reli-
able and efficient manner.43 Such
information-based management plans
have been shown by a number of workers

to be effective in tertiary institutions.*1=43

Clinical management systems can be used
to record and analyse students’ clinical
performance with a greater degree of
sophistication than has previously been
possible. Performance criteria can be
incorporated, as can the rater’s calibra-
tion and the student’s self evaluation.*4

IT and patient-care in dental
institutions

IT offers the opportunity to evaluate and
improve dental care in relation to dental
education.'®*3 An ideal patient adminis-
tration system should be capable of pro-
ducing returns quickly and accurately, at
the very least, offering clinical audit, qual-
ity assurance and resource management.
An example of the successful implementa-
tion of IT in patient administration is the
DELPHI (Dental Education Logistics and
Patient Health Information) system
adopted by the Prince Philip Dental Hos-
pital, of the University of Hong Kong. IT

was implemented at the planning stage of
the Faculty between 1978 and 1982. The
system was the same as that used since
1978 by the School of Dentistry in West
Virginia, being transferred to the Hong
Kong Dental Teaching Hospital in 1981.4>
This real-time system is called Odontics
(Omnibus Dental On-line Treatment and
Information Control System) and is pri-
marily concerned with patient-manage-
ment and the supervision of dental
students. It is linked to a network of termi-
nals in the clinics and reception desks. All
stages of a patient’s progress through the
hospital are recorded, from registration,
through screening and placement on a
suitable waiting list, to assignment to a stu-
dent. Thereafter, every appointment is
recorded, as are all treatments given on
each visit. Regular reports allow teachers to
monitor the progress of students; and stu-
dent achievement can be compared with
predetermined goals. This is one of the
most advanced dental hospital systems
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available at present. The system is similar
to many of those in use in UK hospitals.*>
Another commonly-used management
system is DIANE (Dental Institute Area
Network). The benefits of this system are
that each operator has his or her subfiles,
and valuable resources are controlled by
the appointment system. The interested
reader is referred to the paper on the sub-
ject by Smales.*> A third system namely
UCPA, has recently been favourably evalu-
ated by staff and students of the Depart-
ment of Child Dental Health at the Dental
School in Cardiff.*® Although computer
systems for dental hospitals have steadily
developed during the past few decades,
there still remain problems to be solved if
performance indicators and clinical bud-
geting are to be ideally achieved.

Barriers and solutions to the
implementation of IT teaching and
learning in dental education

The implementation of IT teaching and
learning can be problematical for a num-
ber of reasons.

Computer software

Currently, there is a deficit of good educa-
tional software in dentistry and that
which does exist is not indexed on the net-
works in the same way as journal articles
or books. There is no effective distribu-
tion mechanism for much of the software,
and there is no efficient means of finding
reliable descriptive or evaluative accounts
of the software. These problems have been
identified in the report of the Computers
in Teaching Initiative (CTI) of the UK.#
There is also a vast amount of informa-
tion available on the internet, but to be
efficiently used good management sys-
tems require to be developed.

Knowledge

In reviewing the literature, Goddy*’
found evidence that knowledge of, and a
proficiency in, the use of computers
favourably influenced teachers’ attitudes
toward their use in teaching practice. Stu-
dents’ attitudes to computer-aided learn-
ing are also influenced by their computing
confidence.*8 The trend is, encouragingly,

for students entering university increas-
ingly to have more computing knowledge
and skill than their predecessors.*® Never-
theless, the need to teach basic computer
literacy is increasing.*>! It has been sug-
gested that specific information on IT
should be incorporated into undergradu-
ate curricula,®? and a course on IT is now
recommended for new undergraduates
by many universities, including the Uni-
versity of Hong Kong.

Limitation of space and time

Many dental institutions were not
planned to accommodate the use of IT,
and shortage of space restricts the range
of IT that can be used.” The problem can
be overcome to some extent by using cen-
tralised university facilities in the early
years of undergraduate study. A recent
initiative of the University of Hong Kong
has been to encourage every student to
own a laptop computer, the cost of which
is partly offset centrally. Considerably less
space is required than for desktop com-
puters. In the study area, network ports
are available for the students to access the
networks and download information.
The information that is available includes
course calendars, course contents, course
tools, reading notes, glossaries, bulletin
boards, frequently asked questions, stu-
dent assessments and course evaluations.
The system has popularised the use of the
network among students, and faculties
are adapting to the challenge of harness-
ing the huge potential of IT with web-
based teaching and learning.

Lack of resources and funding

The cost in time and money that has to
be committed in order to produce
material for new technologies can be
significant and a barrier to progress,
especially if new technologies are to be
widely used and properly integrated.>*
However, this must be balanced against
the advantages of the reduced instruc-
tion time required and the ability to dis-
tribute information easily to several
locations.” In order to overcome the
problem of cost, it may be necessary to
‘start small’. Also, savings can be made

by sharing ideas and programmes
between interest groups at institutional,
national and international levels.

Perception and attitude

In his review, Goddy reported that in the
1970s, teachers had a more negative atti-
tude toward computers than did the gen-
eral public.47 More recently, most, though
not all of the same types of educator have
expressed enthusiasm for, and have been
positive about, the introduction of com-
puter technologies into teaching and
learning processes.

The production of good IT teaching
material takes a great deal of time, and
also often requires computing skills not
possessed by the average clinician. Conse-
quently, there remains a dearth of virtual
reality instruction material for clinical
techniques. It has been suggested that a
positive step to encourage the develop-
ment of IT might be to offer software
developers and educational technologists
the academic credits necessary for tenure
and promotion on a par with basic sci-
ence researchers.*®

Staff training
The integration of IT into dental curric-
ula requires a body of teachers who can
expose students to the full breadth of
computer applications.”” In an analysis of
technology in Australian universities, it
was suggested that many educators in the
tertiary system think that they only have
to purchase the equipment, put it in the
schools and it will work.>8

In the absence of personal technical
expertise, heavy reliance is placed upon
technical back-up for the development
and delivery of courseware.® Such
resource is often scarce. A useful approach
is for computer science and media
resources departments within the univer-
sity to undertake the responsibility for
staff training in computer competence.>?
In Hong Kong University, the Centre for
Advancement of University Teaching
(CAUT) coordinates seminars and work-
shops throughout the year. It also sets up
interest groups and publicises new IT
techniques and technologies.
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Planning and policy making

Within an institution, the application of
IT may vary between disciplines and
departments. Not withstanding, it is help-
ful to define a general faculty policy.

In line with the goals that have been
recommended by Cameron®? to encour-
age the creation of departments or divi-
sions of dental informatics in all dental
schools, the University of Hong Kong
has recently made a similar set of recom-
mendations in relation to IT. The dental
school has formed a Committee on
Information Technology and Educa-
tional Resources to draw up and imple-
ment I'T within the faculty.

Strategy for using IT
Technical prowess does not ensure suc-
cessful IT teaching. Two further elements
are essential: First, a central policy; seek-
ing funds, providing academic vision, and
coordinating departmental connections;
and second, sufficient hardware.
In respect of I'T, Oblinger®-%2 has pro-
posed the following strategies:
+ Place pedagogy before the wizardry
of IT
+ Decide what types of media need to be
incorporated into the programme
+ Talk to those who are experienced in IT
development
+ Seek advice on the hardware and soft-
ware that best meets needs and resource
+ Understand the technical authoring
skills and time requirements necessary
for the achievement of goals, and
+ Plan for staff and faculty training.
A cost benefit analysis will also help to
design, implement and evaluate the use of
IT (Table 2).

The future of IT in dentistry

IT will increasingly be used in dental edu-

cation to:

+ Build career technology skills

+ Improve information gathering skills
and opportunities

+ Expand learning opportunities

¢ Increase communications
teachers and students

+ Encourage more active and collabora-
tive learning.%*

between

Table 2 Cost benefit analysis of the use of IT

Benefits

1 CAL can be carried out at the user’s own
pace, rather than dictated by someone else
leg a lecturer)33

2 Potential saving of time when using CAL
based teaching materials®3

3 Assist the faculty members in improving
their instruction and at the same time, to
keep the unit cost of instruction reasonable
and constant®3

Cost

1 Can be time consuming as well as costly33

2 Startup cost can be high3

3 Users and producers of teaching materials
in this form need to develop a different
approach in order to use CAL effectively

4 It can take time to see efforts rewarded by
appearing in the curriculum®3

The sharing of resource through the
internet and world-wide web will enable
the wide and rapid spread of teaching and
research technologies, and global collabo-
ration.®> The dental education environ-
ment should serve as a laboratory for
testing and evaluating hypotheses about
learning transfer, understanding, acquisi-
tion of conceptual linkages, and the com-
puter-based technologies for teaching
cognitive, perceptual and psychomotor
skills. Strategic plans and guidelines for
consortia require to be developed, IT con-
ferences organised, research grants for
future development earmarked, and
awareness increased.’® Similarly, new
guidelines will need to be formulated in
respect of IT for peer review and evalua-
tion of teaching, scholarship, and service.

Conclusions

The use of IT in classroom-based instruc-
tion changes the dynamics between stu-
dents and teachers, so improving effective
learning. Successful multimedia teaching,
especially in clinical settings, relies on the
proper use of IT and an implementation
strategy, including the consideration of
such factors as computer literacy, staff
training, awareness, incentives, planning,
and policy making. Despite the several
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constraints to its adoption there can be
little doubt that IT in tertiary education
will continue to increase as a result of
increased exposure to the international
network and incentives for overcoming
the barriers. International collaboration
encourages the sharing of ideas and the
development of consensus. In the Univer-
sity of Hong Kong, the laptop initiative
has popularised the use of network
among students, while faculties are adapt-
ing to the challenge of harnessing the huge
potential of IT with web-based teaching
and learning. Consortia are also being set
up to audit, review, and report on IT, so as
to ensure progress in evidence-based
learning in the new implemented prob-
lem-based learning curriculum. The
future of IT in dental education will be of
increasing importance.
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