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Abstract

The abstract should summarize the contents of the pa-
per and should not exceed 250 words. Authors are re-
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Methods, Results, Conclusions.
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Introduction

Authors are kindly requested to carefully follow all in-
structions on how to write a paper. In cases where the
instructions are not followed, the paper will be returned
immediately with a request for changes, and the editorial
review process will only start when the paper has been
resubmitted in the correct style.

Authors are responsible for obtaining permission to
reproduce any copyrighted material and this permission
should be acknowledged in the paper.

Authors should not use the names of patients. Patients
should not be recognizable from photographs unless their

written permission has first been obtained. This permis-
sion should be acknowledged in the paper.

In general the manuscript text (excluding sum-
mary, references, figures, and tables) should not exceed
5 000 words.

Kindly send the final and checked source and PDF files
of your paper to manuscripts@ejbi.org. You should make
sure that the LATEX and the PDF files are identical and
correct and that only one version of your paper is sent.
Please note that we do not need the printed paper.

Checking the PDF File

Kindly assure that the Contact Volume Editor is given
the name and email address of the contact author for your
paper. The contact author is asked to check through the
final PDF files to make sure that no errors have crept in
during the transfer or preparation of the files. Only er-
rors introduced during the preparation of the files will be
corrected.

If we do not receive a reply from a particular contact
author, within the timeframe given, then it is presumed
that the author has found no errors in the paper.

Copyright Transfer Agreement

The copyright form may be downloaded from the "For
Authors" section of the EJBI Website: www.ejbi.org.
Please send your signed copyright form to the Contact
Volume Editor, either as a scanned pdf or by fax or by
courier. One author may sign on behalf of all the other
authors of a particular paper. Digital signatures are ac-
ceptable.

Manuscript Preparation

You are strongly encouraged to use LATEX2ε for the
preparation of your manuscript. Only if you use LATEX2ε
can hyperlinks be generated in the online version of your
manuscript. The LATEX source of this instruction file for
LATEX users may be used as a template.

When you are not able to use LATEX, please use MS
Word or OO Writer and send us the unformatted text.
Kindly follow just instructions about preparing figures,
tables and references. These instructions are explained
for you in the included MS Word document. We are go-
ing to convert your text into LATEX instead of you.

If you use LATEX together with our template file,
ejbi_template.tex, your text is typeset automatically.
Please do not change the preset fonts. Do not use your
own macros, or styles.

Please use the commands \label and \ref for cross-
references and the commands \bibitem and \cite for
references to the bibliography, to enable us to create hy-
perlinks at these places.

Headings Headings should be capitalized (i.e. nouns,
verbs, and all other words except articles, prepositions,
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and conjunctions should be set with an initial capital) and
should be aligned to the left. Words joined by a hyphen
are subject to a special rule. If the first word can stand
alone, the second word should be capitalized.

Lemmas, Propositions, and Theorems The num-
bers accorded to lemmas, propositions, and theorems, etc.
appear in consecutive order, starting with Lemma 1, and
not, for example, with Lemma 11.

Figures and Tables

Attach figures and tables as separate files. Do not in-
tegrate them into the text. Do not save your table as
an image file or insert a table into your manuscript text
document as an image.

Basics of Graphic Composition Less is more! Avoid
tables with columns of numbers. Summarise the main
conclusion in a figure.

• Annotations belong in a (self-)explanatory legend,
do not use headings in the figure, explain abbrevia-
tions in the legend.

• Label all axes.

• Use a uniform type size (we recommend Arial 10
point), and avoid borders around tables and figures.

Data Formats

• Submit graphics as a sharp printout as well as a file.
The printout and the file must be identical.

• Submit the image file with clear labelling (e.g.
Fig_1 instead of joint_ap).

Image Resolution Image resolution is the number of
dots per width of 1 inch, the "dots per inch" (dpi). Print-
ing images require a resolution of 800 dpi for graphics and
300 dpi for photographics.

Vector graphics have no resolution problems. Some
programs produce images not with a limited number of
dots but as a vector graphic. Vectorisation eliminates the
problem of resolution. However, if halftone images ("pho-
tos") are copied into such a program, these images retain
their low resolution.

If screenshots are necessary, please make sure that you
are happy with the print quality before you send the files.

Figures and Tables in LATEX For LATEX users, we rec-
ommend using the ejbi-figure environment (Figure 1 shows
an example). The lettering in figures should have a height
of 2 mm (10-point type). Figures should be numbered and
should have a caption which should always be positioned

under the figures, in contrast to the caption belonging to
a table, which should always appear above the table (see
an example in Table 1). Short captions are centred by
default between the margins and typeset automatically in
a smaller font.

Table 1: Age, period, cohort modelling of coronary heart mor-
tality, men, 30-74 yrs., Czech Republic, 1980-2004.

No. Model D df p-value
0 Interception 355388.0 44 <0.001
1 Age 15148.0 36 <0.001
2 Age-Drift 3255.5 35 <0.001
3a Age-Age*Drift 2922.5 27 <0.001
3b Age-Period 388.2 32 <0.001
3c Age-Cohort 1872.6 24 <0.001
4 Age-Period-Cohort 28.7 21 0.121

Remark 1. In the printed volumes, illustrations are
generally black and white (halftones), and only in excep-
tional cases, and if the author is prepared to cover the
extra cost for colour reproduction, are coloured pictures
accepted. Coloured pictures are welcome in the electronic
version free of charge. If you send coloured figures that
are to be printed in black and white, please make sure that
they really are legible in black and white. Some colours
as well as the contrast of converted colours show up very
poorly when printed in black and white.

Formulas

Displayed equations or formulas are centred and set on
a separate line (with an extra line or halfline space above
and below). Displayed expressions should be numbered
for reference. The numbers should be consecutive within
each section or within the contribution, with numbers en-
closed in parentheses and set on the right margin – which
is the default if you use the equation environment, e.g.

ψ(u) =

∫ T

o

[
1

2

(
Λ−1
o u, u

)
+N∗(−u)

]
dt . (1)

Please punctuate a displayed equation in the same way
as the ordinary text but with a small space before the end
punctuation.

Footnotes

The superscript numeral used to refer to a footnote
appears in the text either directly after the word to be
discussed or – in relation to a phrase or a sentence – fol-
lowing the punctuation sign (comma, semicolon, or pe-
riod). Footnotes should appear at the bottom of the nor-
mal text area, with a line of about 2 cm set immediately
above them.1

1The footnote numeral is set flush left and the text follows with
the usual word spacing.
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Figure 1: Construction, coding and use of GLIKREM.

Program Code

Program listings or program commands in the text
are normally set in a typewriter font, e.g. CMTT10 or
Courier.

Citations

The list of references is headed "References" and is not
assigned a number. The list should be set in small print
and placed at the end of your contribution, in front of the
appendix, if one exists. Please do not insert a pagebreak
before the list of references if the page is not completely
filled. An example is given at the end of this information
sheet.

For citations in the text please use square brackets and
consecutive numbers: [1], [2, 3, 4]. . .

In the text number the references consecutively in
the order in which they first appear. Use the style,
which is based on the formats used by the US National
Library of Medicine in MEDLINE (sometimes called
the "Vancouver style"). For details see the guidelines
from the International Committee of Medical Journal
Editors (http://www.nlm.nih.gov/bsd/uniform_require
ments.html).

Page Numbering and Running Heads

Please do not set running heads or page numbers.
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Education in Medical Informatics and Bioinformatics

J. Mantas1, A. Hasman2

1 Health Informatics Laboratory, National and Kapodistrian University of Athens, Athens, Greece
2 Dept. of Medical Informatics, AMC-UvA, Amsterdam, the Netherlands

Healthcare professionals are increasingly confronted in
their work practice with computer-based applications, like
the EPR and clinical decision support systems. The use of
such systems may sometimes provide problems to clinicians
but training in the use of these systems usually is enough to
use the system without problems. But being able to use an
information system does not imply that no problems will be
encountered anymore. Problems can occur when the use of
the system does not fit with the workflow of clinicians. When
developing information systems clinicians should play a role.
However, clinicians only can contribute when they also have
enough knowledge about biomedical and health informatics
(BMHI). So at least some of the clinicians should get edu-
cation in this field. But it becomes increasingly clear that
all clinicians should be introduced to BMHI. Since medical
informatics is sometimes considered to be about computer
technology the conclusion was that clinicians do not need
such an education. Martin-Sanches and Gray [1] correctly
state that this interpretation of BMHI devalues the academic
discipline. Clinicians need to be taught medical informatics,
but medical informatics interpreted as the science of infor-
mation, information being data plus meaning. The question
then is what subjects should be taught to medical students.

IMIA, the International Medical Informatics Association,
has recently published the first Revision of the Recommen-
dations on Education in Biomedical and Health Informatics
[2]. It supersedes the original Recommendations that were
published 11 years ago. BMHI has changed so rapidly that
the Revision was badly needed. The IMIA recommendations
focus on educational needs for health care professionals to
acquire knowledge and skills in information processing and
information and communication technology. The IMIA rec-
ommendations describe the educational needs using a three
dimensional framework. What needs to be taught depends
on

1. which type of professionals in healthcare (e.g. physi-
cians, nurses, medical informaticians) one wants to
produce,

2. which type of specialization one wants to attain (e.g.
IT users, medical informatics specialists) and

3. in which stage of their career (bachelor, master, doc-
torate) the students are.

Recommendations are given for courses/course tracks in
biomedical and health informatics as part of educational pro-
grams in medicine, nursing, healthcare management, den-
tistry, pharmacy, public health, health record administration

and informatics/computer science as well as for dedicated
programs in BMHI.

This special issue on Education in Medical Informatics
contains a number of articles discussing and evaluating BMHI
curricula in different countries. Most contributions deal with
the medical informatics education for medical students.

In the first contribution Gray et al [3] focus on the educa-
tion of health professionals in BMHI. They review how clini-
cal informatics education has worked in the past and provide
future directions. They conclude that the peer-reviewed lit-
erature offers a variety of recommendations on what to teach
and why to teach it. However, there is a paucity of literature
that goes beyond learning needs, competency specifications
and content outlines. According to them more should be
published about what is involved in making such education
a reality and on the experience of staff and students who
participate in it.

Martin-Sanches and Gray [1] propose a definition of
BMHI as the science of information applied to or studied
in the context of biomedicine. The authors describe several
misconceptions about this scientific and professional disci-
pline. They describe the current international situation of
BMHI with respect to education and research. Then they
analyse the situation in Spain and Australia.

Behrends et al [4] describe the problems they encountered
when they tried to integrate the topic of medical informat-
ics in the third year of a new medical curriculum. Medical
students appeared to have misconceptions about the role of
medical informatics and did not understand why they had to
deal with this subject. To alleviate the situation they used
the feedback given by students to improve the way medical
informatics was taught. The evaluation of the education by
the students improved to a satisfactory level.

Kern et al [5] describe the medical informatics program
and training at the School of Medicine of the University of
Zagreb, Croatia. They conclude that medical students are
starting to recognize the role of information in their future
profession.

Zvarova et al [6] describe undergraduate and doctoral
degree studies in biomedical informatics at the Faculties of
Medicine of the Charles University in Prague, Czech Repub-
lic. They also describe e-learning tools like interactive books,
wiki teaching material, Web 2.0-based e-learning tools and
tools for assessing knowledge.

c©2011 EuroMISE s.r.o. EJBI – Volume 7 (2011), Issue 2
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Bari et al [7] describe the most important factors influ-
encing medical informatics education in general, in Hungary
and at their faculty in particular. They emphasize that even
with limited resources it is possible to create and maintain
valuable training programs especially when trans-border co-
operation is possible.

Borycki et al [8] describe a new double degree graduate
program in health informatics and nursing. The program was
designed to prepare nurses with graduate level competencies
in both nursing and health informatics.

Adoption of SNOMED CT has not been as quick and easy
as many people had hoped or expected. One reason is lack
of education and hence understanding of what SNOMED
CT does and how it works. Conley and Benson [9] set out
to answer the question “who needs to know what” about
SNOMED CT to help establish priorities for UK higher edu-
cation.

The contributions are well written and we hope that this
special issue will provide readers with more insight in the way
BMHI education is organized in various countries and what
the problems and opportunities in setting up programs are.

The editors of this issue would like to acknowledge and
thank the Editor-in-Chief of EJBI for overseeing the process
of preparing this special issue.
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Recommendations of the International Medical Informatics

Association (IMIA) on Education in Biomedical and Health

Informatics – First Revision

J. Mantas; E. Ammenwerth; G. Demiris; A. Hasman; R. Haux; W. Hersh; E. Hovenga; K. C. Lun; H. Marin; F. Martin-Sanchez;

G. Wright

(IMIA Recommendations on Education Task Force) Copyright c© by IMIA

Reprinted from Methods Inf Med 2010; 49: 105–120

Abstract

Objective: The International Medical Informatics Associ-
ation (IMIA) agreed on revising the existing international
recommendations in health informatics /medical informa-
tics education. These should help to establish courses,
course tracks or even complete programs in this field, to
further develop existing educational activities in the various
nations and to support international initiatives concerning
education in biomedical and health informatics (BMHI),
particularly international activities in educating BMHI spe-
cialists and the sharing of courseware.
Method: An IMIA task force, nominated in 2006, worked
on updating the recommendations’ first version. These up-
dates have been broadly discussed and refined by members
of IMIA’s National Member Societies, IMIA’s Academic In-
stitutional Members and by members of IMIA’s Working
Group on Health and Medical Informatics Education.
Results and Conclusions: The IMIA recommendations
center on educational needs for health care professio-
nals to acquire knowledge and skills in information pro-
cessing and information and communication technology.
The educational needs are described as a threedimensional
framework. The dimensions are: 1) professionals in health

care (e.g. physicians, nurses, BMHI professionals), 2)
type of specialization in BMHI (IT users, BMHI special-
ists), and 3) stage of career progression (bachelor, mas-
ter, doctorate). Learning outcomes are defined in terms
of knowledge and practical skills for health care professio-
nals in their role a) as IT user and b) as BMHI specialist.
Recommendations are given for courses /course tracks in
BMHI as part of educational programs in medicine, nurs-
ing, health care management, dentistry, pharmacy, pub-
lic health, health record administration, and informatics
/computer science as well as for dedicated programs in
BMHI (with bachelor, master or doctor degree).
To support education in BMHI, IMIA offers to award a
certificate for high-quality BMHI education. It supports
information exchange on programs and courses in BMHI
through its Working Group on Health and Medical Informa-
tics Education.

Keywords

Medical informatics, health informatics, biomedical
informatics, education, recommendations, International
Medical Informatics Association, IMIA

Correspondence to:

John Mantas
Health Informatics Lab, University of Athens
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1 Introduction

The first version of the “Recommendations of the
International Medical Informatics Association (IMIA) on
education in health and medical informatics” [1] has been
widely used. Because of the tremendous progress in and
the evolution of the field of health and biomedical informa-
tics, the contents of those recommendations were, how-

ever, not fully uptodate. As there is still a continuous
need for such recommendations, a revision was necessary.

The revised version, presented here, is based on the
original recommendations and the fundamental work fol-
lowing those recommendations ([1, 3, 4, 5, 6, 7, 8, 9] and
Table 1 in Section 1.2).

There is increasing evidence that health information
technology (HIT) improves health, health care, public

c©2011 EuroMISE s.r.o. EJBI – Volume 7 (2011), Issue 2
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health, and biomedical research. A number of recent sys-
tematic reviews have documented the evidence in favor of
clinical decision support [10], information and communi-
cation technology (IT) interventions [11], and telemedicine
[12]. This has led to widespread adoption of HIT around
the world [13]. In addition to a growing range of research
and application fields in biomedical and health informa-
tics (BMHI) [14, 15], there is also growth in related areas
of BMHI, such as clinical research informatics [16, 17, 18]
and bioinformatics [19]. The growth of HIT has also led
to the recognition of the need for educational programs
to train professionals to develop, implement, and evalu-
ate these systems. While this need has been recognized
worldwide [20], there have been few international efforts
with some notable exceptions [21, 22].

1.1 Why Do We Need Biomedical and
Health Informatics Education?

Despite the documented benefits, there are still barri-
ers to HIT in clinical settings, including a mismatch of re-
turn on investment between those who pay and those who
benefit, challenges to ameliorate workflow in clinical set-
tings, lack of standards and interoperability, and concerns
about privacy and confidentiality [23, 24, 25]. Another
barrier, lesser studied and quantified but increasingly rec-
ognized, is the lack of characterization of the workforce
and its training needed to most effectively implement HIT
systems [26, 27].

An additional challenge is that there are various de-
finitions of the field of BMHI [26, 28, 29]. Furthermore,
the field has difficulty agreeing on the adjective in front
of the word informatics (i.e., medical, biomedical, and/or
health) as well as whether a practitioner should be called
an informaticist or informatician (this paper uses the lat-
ter). We also do not know where pure IT ends and
informatics begins. For example, the individual who in-
stalls applications on a desktop computer in a hospital
probably does not need formal training in informatics, al-
though the CIO and his or her project leaders certainly do.
This has led to calls for BMHI to become a professional
discipline [30] and for it to acquire the attributes of a pro-
fession, such as a welldefined set of competencies, certifi-
cation of fitness to practice, shared professional identity,
life-long commitment, and a code of ethics [31].

A number of efforts to establish formal certification
have been and are underway. For example, in Germany,
medical informatics courses are mandatory for medical
students since the 1970s [32]. In the US, certification in
nursing informatics has been available for over a decade
[33]. More recently, the American Medical Informatics
Association (AMIA) has proposed a plan for a physician
board sub-specialization, which will be followed for other
nonphysician doctorally prepared individuals [34, 35].

Despite these challenges, a number of organizations
have deemed competence in BMHI to be important.
Competencies in the field have been developed for a va-

riety of disciplines within BMHI. In Table 1 some major
publications on the development of such competencies are
listed as examples.

1.2 IMIA Recommendations for Biomedical
and Health Informatics Education

There are many opportunities worldwide for obtaining
education in this field. In some countries, there are exten-
sive educational components in BMHI at different levels of
education and for the different health care professions. In-
creasingly dedicated BMHI programs exist (i.e. organized,
structured sets of course offerings aimed at preparing par-
ticipants for specific career paths and culminating in a
BMHI degree, diploma or leaving certificate). Many other
countries have not, or at least not sufficiently, established
such opportunities until now, with all the consequences
concerning the quality and effectiveness of health care.
Lists of educational programs have been made available
at a variety of websites, e.g.:

• BMHI programs world wide [73] (University of
Freiburg, Germany),

• BMHI programs in [74] and outside [75] North
America (AMIA).

In 2007 IMIA, the International Medical Informatics
Association [76], endorsed and published its strategic
plan “Towards IMIA 2015” [77, 78, 79, 80]. Education
in BMHI was listed among its six core-subject- focused
‘sectors’. Recognizing that the original version of the
IMIA recommendations for education had become out-
dated, in 2006 a task force was established under the
auspices of IMIA’s Working Group on Health and Medi-
cal Informatics Education “to consider and undertake any
necessary work to update the IMIA Recommendations on
Education in Health and Medical Informatics” [81]. These
recommendations will continue to stimulate the further
development of existing educational activities in the var-
ious nations and to support international initiatives con-
cerning education in BMHI.

Because a variety of educational and health care sys-
tems exist all over the world, programs, courses and
course tracks in BMHI may vary in different countries.
In spite of this variability, basic similarities in BMHI
education can be identified and used as a framework for
recommendations. Such recommendations are also nec-
essary for enabling an international exchange of students
and teachers and for establishing international programs.

The IMIA recommendations, presented here, should
be regarded as a framework for national initiatives in
BMHI education, and for constituting international pro-
grams and exchange of students and teachers in this field.
They shall also encourage and support the sharing of
courseware.
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Table 1: Some major publications on competencies in biomedical and health informatics.

Organization (Reference) Year Discipline
University of Heidelberg and the University of Applied Sciences Heilbronn medi-
cal informatics program [36, 37]

1972 dedicated BMHI programs

German Association for Medical Informatics, Biometry and Epidemiology (gmds)
and German Society for Computer Science (Reisensburg Conference) [38, 39]

1973 BMHI and computer science

Association for Computing Machinery [40] 1978 BMHI and computer science
Association of the Medical Colleges [41] 1984 BMHI and medicine
gmds [42] 1992 BMHI in general
Concerted Action on Education and Training in Health Care Informatics (EDUC-
TRA) [43]

1992 BMHI for health professionals

Council of Europe Committee of Ministers [44] 1995 BMHI for health professionals
NIGHTINGALE project [45, 46] 1996 nursing informatics
IT-EDUCTRA project [43] 1996 BMHI for health professionals
English National Board for Nursing, Midwifery and Health Visiting [47] 1996 BMHI for nurses, midwives and health

visitors
National Advisory Council on Nurse Education and Practice [48] 1996 midwives and health visitors
Association of American Medical Colleges [49] 1999 BMHI and medicine
International Medical Informatics Association [1] 1999 BMHI in general
Schleyer [50] 1999 dental informatics
UK National Health Service [51] 2001 BMHI in general
Staggers et al. [52] 2001 nursing informatics
Covvey et al. [53] 2001 BMHI in general
Mantas and Hasman [54] 2001 nursing informatics
O‘Caroll et al. [55] 2002 BMHI for public health (PH) professio-

nals
Curran [56] 2003 nursing informatics
American College of Medical Informatics [57] 2004 bioinformatics
American Health Information Management Association (AHIMA) [58] 2004 health information management
Hovenga and Mantas [20] 2004 BMHI in general
Hovenga and Garde [59] 2006 health informatics
Ivanitskaya et al. [60] 2006 health information literacy
AHIMA [61] 2007 health information management
Canadian Health Informatics Association [62] 2007 health informatics
Medical Library Association [63] 2007 health science librarians
Pigott et al. [64] 2007 health informatics
Huang [65] 2008 BMHI in general
AMIA and AHIMA [66] 2008 EHR Clinical users
Gassert [67] 2008 Nursing informatics
Karras et al. [68] 2008 PH informatics
AMIA [69] 2009 clinical informatics
AMIA-OHSU 10 x 10 Course [70] 2009 BMHI in general
TIGER Nursing Informatics [71] 2009 Nursing Informatics
Office of the National Coordinator for Health IT [72] 2009 EHR adoption

2 General Considerations

2.1 Key Principles of the IMIA
Recommendations

In order to provide good-quality health care, training
and education in biomedical and health medical informa-
tics is needed:

H for various Health care professions,

E in different modes of Education,

A with different, Alternate types of specialization in
BMHI, and

L at various Levels of education, corresponding to re-
spective stages of career progression. There must
be

T qualified Teachers to provide BMHI courses, which
lead to

H recognized qualifications for biomedical and Health
informatics positions.

In more detail, ‘HEALTH’ means:

H Practically all professionals in health care should,
during their studies, be confronted with BMHI
education: e.g. physicians, nurses, pharmacists,
dentists, health care managers, health record ad-
ministrators, and also health and medical informati-
cians who are graduates from specialized programs
in BMHI. Computer scientists/informaticians and
other scientists (e.g. engineers), who intend to work
in the fields of medicine and health care, also need
BMHI education.
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Figure 1: Structural outline of the IMIA recommendations on education in biomedical and health informatics (BMHI): know-
ledge and skills needed in BMHI by students in health care, to get a specialization in BMHI and to reach a career progression
lead to learning outcomes in programs, and have to be transformed into educational components with appropriate depth and
breadth.

E Various education methodologies are needed to pro-
vide the required theoretical knowledge, practical
skills and mature attitudes. In addition to tradi-
tional classroom-based models, there are many diffe-
rent models of flexible, distance and supported open
learning to be considered. The explosive growth of
the Internet and World Wide Web, videoconferenc-
ing, document sharing and social networking plat-
forms and applications are additionally having great
impacts on all educational methodologies, and in
particular will favor flexible and distance learning
including both synchronous and asynchronous com-
munication between instructors and students. Inter-
university collaborations might also facilitate curric-
ular choice.

A Alternate routes to different types of specialization
in BMHI will depend on career choice. The ma-
jority of health care professionals (e.g. physicians,
nurses) need to know how to efficiently and responsi-
bly use information and communication technology,
but only a few will choose to have accredited spe-
cialization in this field. They should, however, also
be able to acquire an additional specialist qualifi-
cation in BMHI as part of their chosen career de-
velopment. BMHI specializations may be different
to suit the various types of health care professio-

nals. Finally, it should also be possible to acquire
specialist qualifications in BMHI via specific BMHI
programs leading to accreditation at different levels,
e.g. master or PhD.

L Every profession in health care even at an early stage
needs some core BMHI knowledge. Different levels
of education, respectively stages of career progres-
sion, (bachelor, master, and doctor) have different
BMHI education needs according to experience, pro-
fessional role and responsibility. A junior profes-
sional uses information differently compared to a se-
nior professional. There are specialized BMHI uni-
versity programs but BMHI instruction could also
be integrated within other professional educational
programs (medicine, nursing, informatics /computer
science, etc.). Thus educational components will
vary in depth and breadth to suit specific student
groups. Subsequent continuous education programs
in BMHI also need to be available.

T The content and delivery of BMHI courses and pro-
grams must be of good quality. Teachers of BMHI
courses must have adequate and specific competence
in this field.

H There must be recognized qualifications in BMHI for
positions in this field. Accreditation of educational
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Figure 2: Biomedical and health informatics and related fields. Overlapping areas: A – medical information science, B –
medical chemoinformatics, C – clinical informatics, D – medical (translational) bioinformatics, E – public health informatics,
F – medical nanoinformatics, G – medical imaging and devices.

content and competence is required, to eventually
have recognition on an international basis.

2.2 Structural Outline of the IMIA
Recommendations

The IMIA recommendations center on educational
needs for health care professionals to acquire knowledge
and skills in information processing and information and
communication technology as it is needed and used in
medicine and health care. The educational needs are
described as a three-dimensional framework with dimen-
sions ‘professional in health care’, ‘type of specialization
in BMHI’ and ‘stage of career progression’ (Fig. 1).

Figure 1 points out that if one is studying a certain dis-
cipline (e.g. medicine to receive a bachelor degree), then
the IMIA recommendations suggest that in their study,
all these students should get a minimum of education in
BMHI, so that they are able to efficiently use information
and communication technology (IT users).

On the other side, candidates may want to prepare for
careers as BMHI specialists. The study of BMHI for these
specialists is somewhat different. Here we have to inter-

pret Figure 1 in the sense that learning outcomes (also
being given in Table 2 and further explained in Sections
4 and 5) are defined to get a bachelor, master or doctor
degree in BMHI. Per definition this predefines a BMHI
specialist. There are obviously different ways to become
a qualified BMHI specialist.

3 Recommendations for Learning
Outcomes in Biomedical and
Health Informatics

Interesting differences exist both within and between
countries and programs with regard to structures of cur-
ricula and expected learning outcomes. Several initiatives
have been launched in the last years to define some stan-
dardized content of BMHI curricula, aiming at developing
sample informatics curricula.

A clear trend in curriculum design is the integration
of disciplines closely related to the core field of BMHI,
such as biomedical engineering, medical information sci-
ences, molecular biology or nanosciences. Those fields
share knowledge, methods and tools with BMHI. Figure 2
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highlights and describes the most important related dis-
ciplines. For further discussion of this issue, see e.g. also
[82, 83, 84].

The learning outcomes, presented in Section 3, will in-
tegrate those overlapping areas as optional elements, de-
pending on the focus of the respective program. This as-

Table 2: Recommended and optional learning outcomes in terms of levels of knowledge and skills for professionals in health care
either in their role as IT users or as BMHI specialists. Additional recommendations, specific for a certain educational program,
will be added in Sections 4 and 5. Recommended level of knowledge and skills: + = introductory. ++ = intermediate. +++
= advanced.

Knowledge/Skill – Domain – Level
IT user BMHI

specialist
(1) Biomedical and Health Informatics Core Knowledge and Skills
1.1 Evolution of informatics as a discipline and as a profession + +
1.2 Need for systematic information processing in health care, benefits and constraints of infor-

mation technology in health care
++ ++

1.3 Efficient and responsible use of information processing tools, to support health care professio-
nals’ practice and their decision making

++ ++

1.4 Use of personal application software for documentation, personal communication including
Internet access, for publication and basic statistics

++ ++

1.5 Information literacy: library classification and systematic health related terminologies and
their coding, literature retrieval methods, research methods and research paradigms

++ ++

1.6 Characteristics, functionalities and examples of information systems in health care (e.g. cli-
nical information systems, primary care information systems, etc.)

+ +++

1.7 Architectures of information systems in health care; approaches and standards for commu-
nication and cooperation and for interfacing and integration of component, architectural
paradigms (e.g. service-oriented architectures)

++

1.8 Management of information systems in health care (health information management, strate-
gic and tactic information management, IT governance, IT service management, legal and
regulatory issues)

+ +++

1.9 Characteristics, functionalities and examples of information systems to support patients and
the public (e.g. patient-oriented information system architectures and applications, personal
health records, sensor-enhanced information systems)

+ ++

1.10 Methods and approaches to regional networking and shared care (eHealth, health telematics
applications and inter-organizational information exchange)

+ ++

1.11 Appropriate documentation and health data management principles including ability to use
health and medical coding systems, construction of health and medical coding systems

+ +++

1.12 Structure, design and analysis principles of the health record including notions of data
quality, minimum data sets, architecture and general applications of the electronic patient
record/electronic health record

+ +++

1.13 Socio-organizational and socio-technical issues, including workflow/process modelling and
reorganization

+ ++

1.14 Principles of data representation and data analysis using primary and secondary data sources,
principles of data mining, data warehouses, knowledge management

+ ++

1.15 Biomedical modelling and simulation +
1.16 Ethical and security issues including accountability of health care providers and managers

and BMHI specialists and the confidentiality, privacy and security of patient data
+ ++

1.17 Nomenclatures, vocabularies, terminologies, ontologies and taxonomies in BMHI + ++
1.18 Informatics methods and tools to support education (incl. flexible and distance learning),

use of relevant educational technologies, incl. Internet and World Wide Web
+

1.19 Evaluation and assessment of information systems, including study design, selection and tri-
angulation of (quantitative and qualitative) methods, outcome and impact evaluation, eco-
nomic evaluation, unintended consequences, systematic reviews and meta-analysis, evidence-
based health informatics

++

(2) Medicine, Health and Biosciences, Health System Organization
2.1 Fundamentals of human functioning and biosciences (anatomy, physiology, microbiology, ge-

nomics, and clinical disciplines such as internal medicine, surgery, etc.)
+ +

2.2 Fundamentals of what constitutes health, from physiological, sociological, psychological, nu-
tritional, emotional, environmental, cultural, spiritual perspectives and its assessment

+ +

2.3 Principles of clinical/medical decision making and diagnostic and therapeutic strategies + ++
2.4 Organisation of health institutions and of the overall health system, interorganizational as-

pects, shared care
+ +++

2.5 Policy and regulatory frameworks for information handling in health care +
2.6 Principles of evidence-based practice (evidence-based medicine, evidence-based nursing, . . . ) + +
2.7 Health administration, health economics, health quality management and resource ma-

nagement, patient safety initiatives, public health services and outcome measurement
+ ++

continued on next page
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continued from previous page
Knowledge/Skill – Domain – Level

IT user BMHI
specialist

(3) Informatics/Computer Science, Mathematics, Biometry (continued)
3.1 Basic informatics terminology like data, information, knowledge, hardware, software, com-

puter, networks, information systems, information systems management
+ +++

3.2 Ability to use personal computers, text processing and spread sheet software, easy-to-use
database management systems

++ +++

3.3 Ability to communicate electronically, including electronic data exchange, with other health
care professionals, internet/intranet use

++ +++

3.4 Methods of practical informatics/computer science, especially on programming languages,
software engineering, data structures, database management systems, information and system
modelling tools, information systems theory and practice, knowledge engineering, (concept)
representation and acquisition, software architectures

+++

3.5 Methods of theoretical informatics/computer science, e.g. complexity theory, encryp-
tion/security

++

3.6 Methods of technical informatics/computer science, e.g. network architectures and topolo-
gies, telecommunications, wireless technology, virtual reality, multimedia

++

3.7 Methods of interfacing and integration of information system components in health care,
interfacing standards, dealing with multiple patient identifiers

++

3.8 Handling of the information system life cycle: analysis, requirement specification, implemen-
tation and/or selection of information systems, risk management, user training

+ +++

3.9 Methods of project management and change management (i.e. project planning, resource
management, team management, conflict management, collaboration and motivation, change
theories, change strategies)

+ +++

3.10 Mathematics: algebra, analysis, logic, numerical mathematics, probability theory and statis-
tics, cryptography

++

3.11 Biometry, epidemiology, and health research methods, including study design ++
3.12 Methods for decision support and their application to patient management, acquisition, rep-

resentation and engineering of medical knowledge; construction and use of clinical pathways
and guidelines

+ +++

3.13 Basic concepts and applications of ubiquitous computing (e.g. pervasive, sensor-based and
ambient technologies in health care, health enabling technologies, ubiquitous health systems
and ambient assisted-living)

+

3.14 Usability engineering, human-computer interaction, usability evaluation, cognitive aspects of
information processing

++

(4) Optional Modules in BHMI and from Related Fields
4.1 Biomedical imaging and signal processing + – +++
4.2 Clinical/Medical bioinformatics and computational biology + – +++
4.3 Health-enabling technologies, ubiquitous health systems and ambient-assisted living + – +++
4.4 Health information sciences + – +++
4.5 Medical chemoinformatics + – +++
4.6 Medical nanoinformatics + – +++
4.7 Medical robotics + – +++
4.8 Public health informatics + – +++

sures that graduates from BMHI programs know at least
the basics of those related disciplines, and to give vari-
ous programs the flexibility to focus on one or more of
those overlapping areas, depending on the cultural, scien-
tific and technical context of the institution.

For education in BMHI two kinds of major learning
outcomes can be identified. They specify the

1. Learning outcomes for all health care professionals
in their role as IT users: Enabling health care
professionals to efficiently and responsibly use infor-
mation and knowledge processing methodology and
information and communication technology. These
learning outcomes need to be included in all under-
graduate curricula, leading to a health care profes-
sional qualification.
On the other hand there are:

2. Learning outcomes for BMHI specialists: Preparing
graduates for careers in BMHI in academic, health
care (e.g. hospital, primary care), government or in-
dustrial settings. These learning outcomes need to
be included in all curricula, leading to a qualification
as specialist in BMHI.

Obviously, between the specialization of a health care
professional as IT user and a health care professional as
a BMHI specialist, various levels concerning depth and
breadth of learning outcomes exist. Some programs may
focus on either health care professionals or on health
informatics specialists.

Other programs may focus on a kind of intermediary
level, where students are educated to communicate with
physicians and nurses as IT users on one side and health
informatics specialists on the other side.
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The learning outcomes define the levels of knowledge
and skills needed. The desired outcomes determine the
educational components either in courses/course tracks in
BMHI as part of educational programs or as dedicated
programs in BMHI.

Table 2 contains the list of learning outcomes, re-
commended by IMIA. The knowledge and skill levels are
classified into the domain areas:

1. BMHI core knowledge and skills,

2. medicine, health and biosciences, health system or-
ganization,

3. informatics/computer science, mathematics, biome-
try,

4. optional modules in BMHI and from related fields.

In order to achieve the learning outcomes mentioned
above, their educational components should be considered
for inclusion into the respective educational programs.
Knowledge and skills, which are described in part 4, are
optional and are recommended, e.g. if the research profile
of the university/school offering a program includes these
fields and if it fits well into the program.

All health care professional graduates should, in their
role as IT users, have the levels of knowledge and skills
mentioned for IT users. Analogously, those professionals
in health care, being BMHI specialists, should have the
levels of knowledge and skills specified for them.

The levels of knowledge and skills mentioned may par-
ticularly work well for developed, industrialized countries,
with high levels of access to, and use of, information tech-
nology, and which have highly developed health care in-
frastructures. Countries in transition may at the begin-
ning have the need to adapt them with regard to the level
of technology. The principles of BMHI, however, can still
be taught, developed and applied in the absence of high
levels of information and communication technology.

Recommendations, either specific for certain courses
or course tracks in BMHI as part of educational programs
or specific for dedicated educational programs in BMHI
are mentioned in Sections 4 and 5.

4 Recommendations for
Courses/Course Tracks in
Biomedical and Health
Informatics as Part of
Educational Programs

4.1 General Remarks

Educational course components in BMHI should be
tailored to the student’s advancement and where possible
be made relevant for and used to support a given stage of

student progression. For example, teaching about the pa-
tient record for students of medicine should be introduced
after the student has gained some clinical experience, but
not too late so that students can benefit from this know-
ledge in the latter stages of their clinical training.

Due to the aforementioned large variety, there exist
different perspectives for BMHI education. For BMHI
specialists we especially can distinguish between a more
informatics-based and a more health carebased approach
to BMHI education, with a variety of combinations in-
between. It is important to recognize the need for team-
work as all health informatics projects require input from
more than one person each with their own unique skill set,
so that the team as whole is able to address all project as-
pects in a cohesive and coordinated manner.

The objective of an informatics-based approach to
BMHI is to focus on the machine processing of data, infor-
mation and knowledge in health care and medicine with a
strong emphasis on the need for advanced knowledge and
skills of BMHI, of workflow, people and organizational as-
pects, of mathematics, as well as of theoretical, practical
and technical informatics/computer science, especially se-
mantic interoperability, ontology-based software engineer-
ing and its relationship with effective and safe data, in-
formation and knowledge processing and representation.
Health care problems, however, can be treated coopera-
tively with physicians and other health care professionals.
In such an approach to BMHI education, knowledge and
skills of informatics/computer science predominate, but
must be applied with a sound knowledge of the business
of providing healthcare services.

The objective of a health care-based approach to
BMHI is again to focus on the machine processing of data,
information and knowledge in health care and medicine re-
quiring, apart from knowledge in BMHI, also knowledge in
medicine or other health sciences to such an extent that
can only be imparted within the scope of a medical or
health science education. In such an approach to BMHI
education, clinical knowledge and skills predominate but
these must be applied within the BMHI context.

The recommendations given in Sections 4.2 and 4.3 for
BMHI specialists are for health care-based approaches to
BMHI. The recommendations in Sections 4.4 and 5.2 are
oriented towards an informatics-based approach. With re-
spect to educa tional progression, especially for a bachelor,
master, and doctoral degree, the general distinctions in
depth and breadth should be considered as mentioned in
Section 5.

For specifying a student’s workload, the European
Credit Transfer and Accumulation System (ECTS) is used
[85]. In ECTS a full academic year’s student workload
corresponds to 60 ECTS credits.
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4.2 Recommendations for Biomedical and
Health Informatics Courses as Part of
Medical, Nursing, Health Care
Management, Dentistry, Pharmacy,
and Public Health Programs

4.2.1 Courses/Course Tracks for IT Users

In order to achieve the levels of knowledge and skills in
BMHI as recommended in Section 3 for IT users, the to-
tal student workload for educational components in BMHI
should comprise at least four ECTS credits. Four ECTS
credits can correspond, e.g., to approx. 40 hours of lec-
tures, exercises and practical training at universities. A
course, charged with four ECTS credits, may e.g. con-
sist of a 3-hour/week lecture, given in one semester with
14 weeks of lecturing.

Specific examples from the work of the respective
health professionals should be used. Emphasis should par-
ticularly be given to practical and simulated training.

The additional recommendations of this Section 4 may
also apply to the programs of other professions in health
care such as medical laboratory technicians, medical li-
brarians, radiology technicians, dieticians, occupational
therapists, etc., or for the programs allied health/clinical
researchers studied. These people also need to know about
the potentials and the risks of information processing in
health care and should be able to efficiently use methods
and tools of information processing and information and
communication technology.

4.2.2 Courses/Course Tracks for BMHI Specialists

In order to achieve the levels of knowledge and skills
in BMHI, as recommended in Section 3 for specialists, the
student workload associated with these educational com-
ponents in BMHI should be at least 60 ECTS credits, i.e.
one year of full-time studies. This is similar to dedicated
master programs in BMHI.

In addition to the ‘core’ knowledge and skills obtained
in each program, the relative amount of student work-
load for the three knowledge and skills areas inside the
health/medical informatics course track should approxi-
mately be as indicated in Table 3.

For all health care professionals domain area (2) should
focus on health system organization, area (3) on practical
informatics and project management. For nurses it should
be possible that specialization can be included in a post-
graduate nursing curriculum. For health care managers,
knowledge and practical skills of information systems ar-
chitectures, incl. characteristics required to achieve se-
mantic interoperability and information systems/network
management should particularly comprise work and in-
formation flow supporting enterprise functions for admin-
istration, controlling, quality management and executive
decision making.

4.3 Recommendations for Biomedical and
Health Informatics Courses as Part of
Health Record Administration
Programs

Within the past decade the discipline of health record
administration (also denoted as health information ma-
nagement) has often enhanced its scope from document
handling to managing health care information. Also the
scope of practice has changed considerably.

For educating health record administrators, two diffe-
rent levels of education are recommended:

• A first level should cover introductory concepts and
principles and assumes an introductory skill level.
Students at this level take e.g. a two- or three-year
course of study at a college level resulting (e.g. in
the U.S.) in an associate’s degree. The focus for
these students needs to be on data, meta-data, cod-
ing rules, classification systems and their relation-
ship with health informatics.

• At a second level a deeper understanding of know-
ledge and more advanced terminology skills, prob-
lem solving and critical thinking skills in more depth
is assumed. Students at this level take e.g. a three-
or four-year course of study resulting in a bachelor
degree where health information management skills
and knowledge is integrated with more advanced
informatics knowledge and skills. Further studies
may follow.

Table 3: Recommended student workload in ECTS credits for
the three knowledge and skill areas of health/medical informa-
tics course tracks inside programs of medicine and other health
sciences.
Knowledge/Skill Area Program

Medicine, Nursing,
Health Care Ma-
nagement, Dentistry,
Pharmacy, Public
Health

(1) BMHI core knowledge and
skills

40

(2) Medicine, health and bio-
sciences, health system organi-
sation

5

(3) Informatics/computer science,
mathematics, biometry

15∑
60

4.3.1 Courses/Course Tracks for IT Users

Health record administration students at the men-
tioned first level can be regarded as IT users. The re-
commendations on levels of knowledge and skills are the
same as for IT users mentioned in Section 4.2. Partic-
ular emphasis should be given to information literacy,
health terminology, coding and classification systems, the
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electronic health record, and evaluation methodology.
There should be introductory knowledge and skills in the
knowledge/skill-domain medicine, health and biosciences,
health systems organization.

4.3.2 Courses/Course Tracks for Biomedical and
Health Informatics Specialists

Students of health record administration programs,
respectively health information management programs,
which lead to bachelor and master degrees should have the
knowledge and skills of BMHI specialists, as mentioned in
Section 4.2. Again, special emphasis should be given to in-
formation literacy, meta-data, health terminology, coding
and classification systems, the electronic health record,
and evaluation methodology and to the relationship be-
tween these concepts and the use of various informatics
technologies.

Table 4: Recommended student workload in ECTS credits for
the three knowledge and skill areas of a BMHI course track
inside informatics/computer science programs.
Knowledge/Skill Area Program

Informatics/Computer
Science

(1) BMHI core knowledge and
skills

40

(2) Medicine, health and bio-
sciences, health system organi-
sation

15

(3) Informatics/computer science,
mathematics, biometry

5∑
60

4.4 Recommendations for Biomedical and
Health Informatics Courses as Part of
Informatics/Computer Science
Programs

4.4.1 Courses/Course Tracks for Biomedical and
Health Informatics Specialists

In order to achieve the levels of knowledge and skills
in BMHI, recommended in Section 3 for specialists, the
length of studies for educational components in BMHI
should be at least 60 ECTS credits, i.e. one year of full-
time studies.

In addition to the ‘core’ knowledge and skills of
informatics/computer science, the relative amount of stu-
dent workload for the three knowledge and skills areas
inside the BMHI course track should approximately be as
indicated in Table 4.

The student workload in (3) comprises knowledge
and skills in biometry, semantic interoperability and eva-
luation methods. Applying methods and tools of informa-
tics in health care institutions, and for concrete prob-

lems in diagnosis, therapy, nursing and health care ma-
nagement should be emphasized. It is essential to in-
clude ontology-based software engineering and the need
to separate knowledge from system configuration, as
these concepts are fundamental to achieving semantic
interoperability and safe clinical decision support sys-
tems. This assists informatics or computer science stu-
dents to gain more knowledge about the health care envi-
ronment. Health information systems management should
include the development and implementation of software
and hardware components of health information systems.
In medical signal and image processing technical and
informatics aspects should particularly be considered.

5 Recommendations for Dedicated
Educational Programs in
Biomedical and Health
Informatics

The aim of all dedicated programs in BMHI is to pre-
pare graduates for careers in academic/research settings,
health care facilities or organizations, governmental or
international public health entities or industrial settings.

5.1 Recommendations for Bachelor
Programs in Biomedical and Health
Informatics

The curriculum of a program leading to a bachelor
degree in BMHI should be application-related aiming to
prepare students for a professional career in the field. In
addition, the curriculum should offer the background and
theoretical foundation necessary to pursue advanced gra-
duate studies in this or related fields.

The objective of this undergraduate education is to
equip students with specialized knowledge in the field of
BMHI and the skills to apply the acquired knowledge in
a variety of practical situations. The intention is to pro-
vide a deep understanding of the state-of-the-art of the
discipline and the ability to translate expertise gained in
the field into practical application of tools and concepts.
Compared to the comprehensive formal methodological
foundation of a master program, it is the practiceoriented
application that predominates the undergraduate curricu-
lum. Given the diversity of the discipline, students at the
bachelor program level need to understand the breadth of
the field and become familiar with the spectrum of BMHI
(capturing all sub-domains such as bioinformatics, clinical
informatics, public health informatics, etc.). The chal-
lenge herein is to provide knowledge and skills that stu-
dents can apply in practice while recognizing that areas
of interest could be explored further and in more-depth at
the graduate educational level.

In order to achieve the levels of knowledge and skills
recommended in Section 3, and to achieve a broad depth
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and breadth of all educational components, the length of
study for the instructional component of a bachelor pro-
gram in BMHI should be at least three years. This corre-
sponds to a student workload of 180 ECTS credits.

For an informatics-based approach to BMHI, the re-
lative amount of student workload for the four knowledge
and skills areas for the bachelor program should be ap-
proximately as indicated in Table 5. This composition
can be varied from very strong technical IT skill acqui-
sition to less IT skill and a stronger health application
focus, depending on the desired learning outcomes.

Table 5: Recommended student workload in ECTS credits
for the knowledge and skill areas of a biomedical and health
informatics bachelor program.
Knowledge/Skill Area Program

BMHI (bachelor)
(1) BMHI core knowledge and

skills
50

(2) Medicine, health and bio-
sciences, health system organi-
sation

20

(3) Informatics/computer science,
mathematics, biometry

110∑
180

5.2 Recommendations for Master and
Doctoral Programs in Biomedical and
Health Informatics

For programs leading to a master or doctoral degree,
it is the comprehensive formal methodological foundation
for BMHI that dominates the instructional component of
the program.

The objective is to provide scientific education that
captures the theoretical foundations of the field, provides
specialized knowledge and equips students with both prac-
tical skills and analytical approaches that will allow them
to further the knowledge base of the discipline. Gradu-
ates will be able to master both the practical methods
and tools and the leadership of independent research.

Unlike undergraduate bachelor programs, these gra-
duate and post-graduate programs emphasize a formal
penetration into the knowledge and foundation of the dis-
cipline and promote methodological expertise and inde-
pendent analysis. Graduates are expected to contribute
to the field and lead its scientific advancement.

In order to achieve the levels of knowledge and skills
in BMHI as recommended in Section 3, and in order
to achieve the desired broad depth and breadth of the
educational components, the length of study should be at
least one year full time for a master degree, corresponding
to at least 60 ECTS credits. Two years of study, corre-
sponding to 120 ECTS credits, should be preferred. Ph.D.
studies or Ph.D. work should usually last three to four
years.

The relative amount of study time for the three know-
ledge and skills areas for the master program should ap-
proximately be as indicated in Table 6.

Table 6: Recommended student workload in ECTS credits for
the knowledge and skill areas of a two year (one year) biome-
dical and health informatics master program.
Knowledge/Skill Area Program

BMHI (master)
(1) BMHI core knowledge and

skills
80 (40)

(2) Medicine, health and bio-
sciences, health system organi-
sation

20 (10)

(3) Informatics/computer science,
mathematics, biometry

20 (10)∑
180 (60)

It is expected that master students have successfully
finished either a) a bachelor program in BMHI, b) a ba-
chelor or master program in medicine, biology, public
health, health administration or another health science,
or c) in computer science/information science. For cases b
and c additional complementary courses (for b in informa-
tics/computer science and for c in health and biosciences,
health systems) should be offered.

For programs leading to a doctoral degree, indepen-
dent comprehensive research should be carried out by the
student in addition to the instructional requirements al-
ready mentioned. Knowledge and skills should also have
additional depth and breadth and students may choose to
gain additional insight into elective fields that are at the
core of their research.

6 Recommendations for
Continuing Education

6.1 Continuing Education in Biomedical
and Health Informatics

A certificate of ‘Health Informatics’, ‘Medical Informa-
tics’ and/or ‘Biomedical Informatics’ should be offered in
recognition of having acquired sufficient competence in
BMHI from an academic, educational and/or practical
perspective relative to specific tasks or roles within the
health industry. Furthermore, for physicians, who usu-
ally have well-established forms of continuing education,
there should be offered the possibility of receiving, in addi-
tion to their medical degree, the supplementary qualifica-
tion of ‘Health Informatics’, ‘Medical Informatics’ and/or
‘Biomedical Informatics’. This additional qualification
can be issued by any national medical or health profes-
sional association or university. The same holds true for
nurses, for whom various forms of continuing education
are very well-established in many countries.

In order to offer courses in BMHI for continuing
education, it is recommended that specific entities are es-
tablished to provide such courses. These entities might
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be inside universities or, as academies of health/medical
informatics established by any national association in
BMHI or provided by an independent private entity, pro-
vided that in all cases the people responsible for course
curriculum, content and educational delivery are suitably
qualified (see also [89]).

6.2 Life-long Learning

Working in the field of BMHI and even using in-
formation and communication technology requires life-
long learning. Therefore opportunities for continuing
education should be offered for BMHI specialists as well
as IT users of the various health professions. The ability
of ‘learning to learn’ will become of particular importance.

7 Other Recommendations

7.1 How to Commence with Biomedical
and Health Informatics Education

BMHI affects all health care professionals. To com-
mence education in this field, IMIA recommends that
education in BMHI for all types of health care professio-
nals, including the different types of specialization and
levels of education, is considered. The first step is to con-
sider the level of practice of the individual. As noted in
Table 7, work in informatics depends upon whether some-
one has a technical/informatics or clinical background.
Within informatics, one may practice more at the applied
level in operational settings or may be an academic who
teaches and/or performs research. For countries without
formal informatics educational programs, additional steps
are necessary. In this instance, teachers have to be edu-
cated (‘teach the teachers’) first, or, e.g., retiring BMHI
faculty in developed countries could also perform this ser-
vice. Next, courseware has to be prepared (or adapted)
and institutes for health informatics or medical informa-
tics must be established within universities, usually inside
medical or health sciences faculties.

Table 7: Categories of informatics practice, adapted from [53].
Level of
Practice

Type of Work Example Job Titles

Academic Individual who does
research and/or teach-
ing in an academic
center

Professor; Scientist or
Researcher

Applied Individual who works
in an operational
informatics setting for
a majority of his or
her working time

Chief Information Of-
ficer; Chief Medical
or Nursing; Informa-
tion Officer; Project
Manager; Developer;
Trainer

Clinical Clinicians and others
who apply informatics
in their work

Physician; Nurse;
Health administrator

7.2 Modes of Education

The next consideration for informatics educational
programs is (are) the mode(s) of education to be chosen,
considering the specific profile and possibilities of the re-
spective universities. Besides lectures it is of importance
that practical experience within health care institutions
(e.g., in hos pitals) is offered. Besides ‘traditional’ lec-
tures and exercises within universities, different models of
flexible, distance and supported open learning should be
actively pursued. Problemoriented learning might partic-
ularly support the relevance of BMHI as it requires in-
tegration of information and a cross-disciplinary under-
standing [86].

7.3 Qualified Teachers

Courses and programs in BMHI must be of high qua-
lity. Teachers of courses in BMHI must have adequate
and specific qualifications in this field. It must be pos-
sible to obtain such qualifications for lecturing in BMHI
from universities or other institutions of higher education.

7.4 Recognized Qualifications

Education of students in BMHI, which goes beyond
introductory courses in the use of information and com-
munication technology, only makes sense if positions for
these graduates exist or are created. The qualifications
of such BMHI graduates must be recognized and we are
recommending that health care organizations realize the
need of positions as specialists in BMHI.

8 IMIA Support for Programs and
Courses in Biomedical and
Health Informatics

8.1 IMIA Certification

To support education of high quality in the field of
BMHI, IMIA offers help by providing expert advice to per-
sons and institutions in this field, as far as the resources of
IMIA allow. This might especially be needed when com-
mencing with educational activities and when national in-
stitutions are not yet established to do this. IMIA is also
currently establishing services for the accreditation of such
educational programs.

BMHI courses inside programs and specialized pro-
grams in this field can upon request add to the descrip-
tion of their course track or program the phrase ‘endorsed
by the International Medical Informatics Association’ and
can use the IMIA logo in this context. This is condi-
tional to the IMIA recommendations being fulfilled and
once the quality of the program, including organizational
integration and resources, has been assessed by IMIA-
appointed experts. Single courses cannot be considered,
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only course tracks or programs. The fulfilment of the re-
commendations and the assessment of the quality of the
program will be examined by a committee usually consist-
ing of four members of IMIA’s Working Group on Health
and Medical Informatics Education or other persons, ex-
perienced in BMHI education, and will be approved by the
IMIA President and the Chairperson of IMIA’s Working
Group on education.

After approval, a written certificate, signed by the
IMIA President, the Chairperson of IMIA’s Working
Group on Health and Medical Informatics Education, will
be given to the respective organization.

Requests should be submitted to the Executive Direc-
tor of IMIA.

8.2 International Programs, International
Exchange of Students and Teachers

IMIA encourages and recommends international ac-
tivities in educating BMHI specialists. IMIA also re-
commends the international exchange of students and of
teachers in this field. It encourages the establishment of
international programs to support this and to exchange
courseware. Programs should be built up in a modu-
lar way, and international credit transfer systems such as
the European Credit Transfer and Accumulation System
(ECTS [85]) should be used in the respective national pro-
grams to support these international perspectives.

9 Information Exchange on
Programs and Courses in
Biomedical and Health
Informatics Supported by IMIA

IMIA’s Working Group on Health and Medical
Informatics Education is a group devoted to BMHI
education. Its activities include to disseminate and ex-
change information on BMHI programs and courses and
to support BMHI courses and exchange of students and
teachers. The Working Group intends to advance the
knowledge of 1) how informatics is taught in the education
of health care professionals around the world, 2) how in
particular BMHI is taught to students of computer sci-
ence/informatics, and 3) how it is taught within dedicated
curricula in BMHI. Working Group members contribute
to various Web-based catalogues of BMHI programs, in-
cluding those mentioned in Section 1.2.

In addition, IMIA’s Working Group on Health and
Medical Informatics Education operates a mailing list to
facilitate communication between all persons interested
in BMHI education worldwide. For subscription, instruc-
tions on the Working Group’s website should be followed.
IMIA encourages the development and sharing of course-
ware of high quality for courses in BMHI. This will help to
further establish courses in this field. It also encourages

the use of its IMIA Working Group on education’s website
and list server for the dissemination of information about
such courseware.

10 Concluding Remarks

These recommendations provide a framework for in-
dividual curriculum development. Individual countries
may wish to develop more detailed or better defined
curricula guidelines to suit their specific needs and
educational system. This could include specific minimum-
level competencies required for each level and know-
ledge/skill domain. A new professional activity needs to
be officially recognized in the form of a well-established
title linked to a specific salary scale. Such recognition ap-
pears to be a natural complement to a university degree.
For example, in Belgium, a Ministerial Decree established
in 2001 criteria for the certification of physician specialists
in health data management. This official recognition by
one of the member countries of the European Union opens
the way to equivalence of this particular competence in
all other member countries for the content of the teach-
ing programs as well as for employment conditions [87].
Furthermore, the UK has done much work on professio-
nalism and competencies which is published mostly as UK
Council for Health Informatics Professions [88, 89]. Such
national efforts are expected to influence future reviews of
these guidelines.

IMIA, understanding its role as a leader in the sci-
entific progress of the expanding field of BMHI, is also
developing as part of its strategic plan [77] a knowledge
base [90], which can be of real significance for educators
in the field as well as to healthcare professionals.

IMIA’s Working Group on Health and Medical
Informatics Education may in the near future develop
teaching credentialing criteria to serve as a guide for teach-
ers wishing to participate in BMHI education.
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Abstract

Although biomedical informatics lacks a clear and
theoretically-grounded definition, there is a general con-
sensus on its involvement in the training of health profes-
sionals. Since medical education is fully packed with tradi-
tional disciplines (anatomy, physiology, surgery, etc.) and
also with new, challenging subjects like molecular biology
or genetics, it is very difficult to find an appropriate slice
of time in the curriculum for the proper training of me-
dical informatics. Although there are accepted recommen-
dations by professional organizations (e.g.: International
Medical Informatics Association [IMIA]) on what makes
up an informatics curriculum, medical schools teach what
they consider important, what can be financed and what
can be fit into the tight time frame. In this paper, we
describe the most important factors influencing medical
informatics education in general, in Hungary and at our
faculty in particular.

Our department is responsible for teaching medical
informatics for students in medicine, dentistry, pharmacy
and nursing. In addition, we provide courses for post-
graduate students in various PhD programs focusing on
specific aspects of info-communication involved in all
phases of research. We summarize our teaching experience
over the past ten years and explain how we teach biomed-
ical informatics to different groups of health professionals.
We call attention to the need for defined basic skills and
knowledge in informatics at each level of the health care
education. We emphasize that even with limited resources,
it is possible to create and maintain valuable training pro-
grams especially with effective trans-border cooperation.
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1 Introduction

Although there are obvious variations among special-
ties, physicians spend 25-30% of their time on adminis-
trative tasks that require the use of computers and other
information technology devices. Nowadays, with univer-
sal accessibility, internet databases are considered a major
avenue in making medical knowledge available to almost
all medical professionals. The booming field of medical
informatics and e-Health assists physicians and health-
care specialists in diagnosis, follow-up, and treatment of
patients through electronic means over wide geographic

distances. The use of e-Health approaches and systems
in the healthcare sector is becoming a daily practice, as
almost all medical practitioners increasingly use compu-
ters to store patients’ data, assist the patient, and make
decisions via support systems and databases, etc. Ac-
curate diagnosis, better treatment solutions and patient
relationships are increasingly within reach when using e-
Health facilities. It has been accepted widely that the use
of medical informatics creates a hub for medical database
management, and contributes greatly to the evolution of
diagnostic and treatment technologies. As a result, a lot
may be expected of medical informatics with respect to

c©2011 EuroMISE s.r.o. EJBI – Volume 7 (2011), Issue 2



en20 Bari, Forczek, Hantos – E-Health Resources in the Graduate and Postgraduate Medical Education in Hungary

promoting improvement of health conditions throughout
the world, both by contributing to the quality and efficacy
of health care, and accomplishing research in the fields of
innovative biomedical as well as computer, health, and
information sciences.

In 2003, the Institute of Medicine’s Health Professions
Education Summit identified the utilization of informatics
as one of the five domains of core competency for health
care professionals [1]. Additionally, informatics also un-
derpins the other four competency domains, which are to
provide patient centered care, to work in interdisciplinary
teams, to employ evidence-based practice, and to apply
quality improvement [1].

It is also important to point out that, in a draft level
survey of The Tuning Project for Medicine [2] the Use
of information and information technology effectively in a
medical context was ranked 10 among the 12 highest Com-
petences/Learning Outcomes (N.B. preceding Apply sci-
entific principles, method and knowledge to medical prac-
tice and research). In view of the statements above, it is
essential to address

• the current situation of medical informatics training
in Hungary,

• its conformity with international standards, recom-
mendations and trends and

• the potential of establishing cross-border co-
operations in the development of advanced curricula
in the training of medical and other health science
professionals.

According to E-Health indicators, nearly all Hungarian
doctors use a computer at their offices; however, perma-
nent internet access and the use of professional web sites
are still limited and personal web presentation is below
the European average.

Although medical professionals and institutions em-
phasize the need of the continuing medical education
(CME) for maintaining and improving knowledge, skills,
competence and performance, unlike in several countries
[3], there is no existing national CME program that covers
certain specific fields such as medical informatics. With
the overall growth of informatics, the medical education
system should also provide programs at both graduate
and post-graduate levels. While there is a wide consensus
as to the importance of this urgent need, several factors
hamper the construction and operation of a CME system
in medical informatics. In particular:

1. lack of involvement of health informatics in the core
curriculum of most medical schools,

2. limited human and instrumental resources of
educational institutions, including medical and
nursing schools,

3. competence and skill level are not well defined and
measured,

4. there are no comprehensive education programs cur-
rently available.

2 Methods and Results

We have collected relevant information from the
4 Hungarian faculties of medicine (Budapest, Debrecen,
Pécs and Szeged), from the most active partner univer-
sities in Romania (Timisoara and Cluj) and the Univer-
sity of Vienna, Austria. We have been teaching medical
informatics for more than 15 years and collected informa-
tion from colleagues, former and present students, etc. We
have made a critical review of the contents of the courses
taught.

The four Hungarian medical schools have differing
educational strategies and programs for medical informa-
tics.

When we compare the formal description of curric-
ula, we can conclude that in most faculties the medical
informatics is taught early on in the medical studies.
In Hungary, medical studies are divided into 4 parts
(semesters 1-4: basis sciences, semesters 5-6: pre-clinical
studies, semesters 7-10: clinical studies and semesters
11-12: clinical rotation). As Table 1 indicates, medical
informatics is taught explicitly in 3 of the 4 schools. In
all places informatics-related subjects are elective (in the
table "C" can be misleading because it indicates that
the subject is still elective but "strongly recommended").
In other words, 80% of the Hungarian medical students
would currently be able to fulfill the curricular criteria
without taking a course in medical (or any) informatics.
In fact, it has been indicated that 50-80% of the students
attending the medical schools do take courses in informa-
tics. The inhomogeneous course structure summarized in
Table 1 also indicates that while there is a tendency to
create an independent course for medical/bioinformatics
it is far from general. Additionally, although biostatistics
(elementary statistics) is a mandatory subject in the cur-
riculum, in most medical faculties, biostatistics has not
been separated from medical informatics.

Effective use of medical information systems requires
harmonized educational programs in medicine, nurs-
ing, health care management, dentistry, pharmacy, pub-
lic health, health record administration, and informa-
tics/computer science. Because of the diverse structure of
the graduate and postgraduate education, it is almost im-
possible to establish dedicated complementary programs
[4, 5]. At the University of Szeged, our department is res-
ponsible for the teaching of medical informatics for stu-
dents in medicine, dentistry, pharmacy and nursing. It has
always been a complex task to create profession-specific
education programs that are also cohesive with one an-
other [6, 7]. There is an agreement that all curricula
should include some common components (basic concepts
and common software available for higher education in
Hungary) but there is an ongoing debate on what kind of
additional specific tools and resources should be involved.
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Table 1: Components of medical informatics curricula at Hungarian universities (C: Compulsory Subjects; C/E: Compulsory
Elective Subjects; E: Elective Subjects; O: Optional).

Faculty Course Semester Credit Hrs/week Hrs/week C; C/E; O
of Medicine (Theory) (Practice)
Debrecen Medical Informatics 1-2 3 0 2 C/E

Biostatistics 1 2 1 1 C
Budapest Biostatistics and Informatics 1 3 1.5 2 C

Biostatistics II. 7-10 2 1 1 C/E
Medical Informatics 7-10 1 1 0 C/E

Szeged Informatics 2 3 1 2 C/E
Biostatistics 1 1+2 1 2 C C/E
Medical Informatics I. II. 8-10 2/2 1/1 1/1 C/E
Biostatistics II. III. 8-10 2/2 1/1 1/1 C/E

Pécs Biostatistics 1 2 1 1 C
Informatics: I.-II.-III. 8-10 1/1/2 0.5/0.5/1 0.5/0.5/1 C/E O
Informatics of Medical Literature 8-10 2 0 2 O

Our approach is very practical: with close cooperation
with faculty members of the schools of dentistry, phar-
macy and nursing, and via the specialization of our teach-
ing staff we try to define the profession-specific targets.
Specifically, nurses have commonly been regarded to pos-
sess poor IT skills (and are not motivated for the introduc-
tion of IT); it has also been observed that nurses are more
frequently reluctant to use computers than other health-
care staff groups, and have made more statements against
curriculum development in all disciplines. We must make
it clear for them that computers will not disappear from
health care; on the contrary, their increasing use is un-
equivocally predicted. Changing the attitude of nurses is
a particular challenge for our department.

A further question is the phase of medical training
in which medical informatics should be introduced [8].
At the Faculty of Medicine of the University of Szeged,
medical informatics is taught in the second semester of
the first academic year, as an elective subject. Currently,
about 85-90% of the students choose this course. The lec-
tures (1 hr/week for 14-15 weeks) cover the basic concepts
of informatics, its development, the fundamentals of com-
puter architecture, principles and functions of operating
systems and computer networks. Special emphasis is given
to the creation of electronic documents, the characteris-
tics of textual, tabular, graphic and other components of
documents and their unification. The lectures deal with
the possibilities inherent in the Internet, the properties of
databases and data warehouses, and the most significant
medical, biological and bibliographic databases available.
The aim of the practical course (2hr/week in small groups
-less than 16 students in each) is to provide the students
with a basic practical knowledge in electronic communica-
tion and evaluation of biomedical data, and with the tools
and knowledge to create electronic documents.

Even if medical informatics modules obtain some li-
mited niche, they must be adapted to the rigid, weekly-

based, formal and traditional lecture–practice structures.
Innovations such as intensive, course block structures,
in which students learn about problem-driven medical
informatics as a component of diagnosis are very rare.
Such structural changes in the educational system disturb
the traditional composition of a semester and may gener-
ate undesired, contradicting opinions and tension among
professors of other disciplines. Additionally, even with the
implementation of programs proposed above, very limited
skills can be taught within a short period of a week or
so. It is important to recognize medical informatics as a
tool and a skill. Any skill is learned and imprinted most
efficiently when the education is problem-driven and put
into the context of the environment it is to be used within.

For these reasons, we have to be aware of the demands
of other departments and the specific electronic teaching
material they offer when we assemble the material of our
medical informatics course. Developing a wide knowledge
about the nature of medical information and how it may
be obtained from the internet also prompts the depart-
ments of medical informatics to develop their general cur-
riculum accordingly. For students who are interested in
extra-curricular research activity there are elective courses
in the 4th-5th years dealing with specific problems such as
biomedical signal acquisition and processing, or advanced
statistics. The use of statistical packages assumes a ba-
sic knowledge in calculus and applied statistics but the
proper use also requires advanced knowledge in informa-
tics. In order to correspond with the more practical pe-
riod of medical training, some studies suggest that me-
dical informatics courses should be integrated into the
later, more hands on, portion of the education (7th-10th
semester) [8]. On one hand it is a good idea to have train-
ing later on in the program because the technology dis-
cipline changes very quickly and skills learned in the 1st
year may not still be current in the sixth year, on the other
hand informatics knowledge could improve the basic me-
dical studies from the very beginning. Therefore we made
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a compromise, there is a course in the second semester
and there is additional make-up or advanced courses of-
fered later on the studies.

Even with advanced human, methodological and tech-
nical background we have to face to several problems and
answer important questions.

What are the major motivations that could attract me-
dical students to take up medical informatics as an elective
subject? How can these students transform informatics
knowledge and computer skills gained during the mod-
ule into skills that aid in learning fundamental medical
subjects such as anatomy, physiology, surgery or general
medicine more effectively?

As our department teaches medical physics and statis-
tics, we have the unique opportunity to communicate with
students from the very beginning of their university ca-
reers to point out the usefulness of informatics. Our
teaching material is available on internet (www3.dmi.u-
szeged.hu); records of laboratory practices are docu-
mented on intelligent platform, and the calculations in
statistics seminars are also computer-based. Therefore we
can convince the students that they would benefit a lot
by choosing “medical informatics” as an elective course.

Mandatory courses in informatics and statistics are an
essential part of postgraduate university education pro-
grams in Hungary. At our faculty, informatics and statis-
tics are taught in two semesters (30 and 45 hrs, respec-
tively). In contrast to undergraduate courses that concen-
trate on basic skills and everyday medical practice, PhD
courses focus on specific aspects of info-communication
involved in all phases of research: the efficient use of
scientific databases, data organization, processing and
presentation. An important feature of these courses is
that medical PhD programs involve a substantial num-
ber of non-MD participants, such as biologists, pharma-
cists, chemists, physicists, etc.; this necessarily broadens
the scope of the training.

Apart from the proper establishment of a medical
informatics module, it would be very useful for medical
students if they are provided with a detailed picture on the
specific information infrastructure available at their me-
dical school (mailing system, security, e-library, adminis-
trative supports like patient registration, etc.), upon their
admission. This introduction might also increase the fa-
miliarity of medical students with information technology
and electronic facilities at the medical school. At the same
time, this may not necessarily be the task of the medical
informatics departments exclusively, but could preferably
be a joint effort among various departments.

3 Discussion

3.1 Human Resources

With the advent of computing science, computational
resources gradually became available in the environment
of university medical faculties, teaching hospitals, etc.

University computing centres, running mainframes and
providing computational service in the 1970’s and 1980’s,
were particularly helpful for clinical and medical research
teams that needed help in various areas, such as sig-
nal processing, data organisation and analysis, database
building and mathematical modelling; as well, the staff of
these Hungarian university computer centres were often
involved in graduate and postgradual teaching at the uni-
versity. This symbiotic and interactive environment for
the developers and the users of the medical informatics
systems was very fertile in formulating new concepts and
procedures, and it more than offset the limitations inhe-
rent in the computing facilities of that decades. During
the last twenty years many parts of the former system
became independent from the universities. Software de-
velopment, network maintenance and other special tasks
were formed into their own spin-off companies that offer
services to medical schools. Therefore, research and de-
velopment became independent and was no longer deeply
embedded into the university environment. Today, we un-
fortunately experience a gradually increasing distance and
a phase lag between the information created by the in-
dustrial solution providers and what is available to me-
dical teams seeking solutions for their specific informatics
problems in medical research, practice and education. In
addition, if research is not done within the academic en-
vironment there are no financial resources to cover the
costs of conferences and workshops to increases learning
and knowledge. Co-operation of all the parties involved in
the phases of the problem identification, idea formulation,
development of tools and their testing is badly needed.

The increasing need for better and more comprehen-
sive training in informatics is strongly limited by several
factors including teachers. The most crucial point is
how to recruit and maintain staff for teaching medical
(health) informatics. Since there is a general shortage
of well-trained experts, medical schools have to compete
for teachers with informatics companies, which offer far
higher salaries and better career opportunities. Con-
sequently, it is almost impossible to offer such income
or/and promotion opportunities that would attract young
professionals to join informatics departments.

Medical informatics should not be solely the subject
of specific courses or specific departments. It should be a
general approach throughout an entire training program.
Therefore, it seems desirable that education professionals
undergo special training to learn new teaching methods
and utilization of educational aids including information
technology, newer media, interactive learning, group ed-
ucation and individualized teaching. There are obvious
questions to be answered: who trains the trainers, who
sponsors such trainings and how could it fit into the pro-
gram of a faculty? Since countries like Hungary have a
small number of teachers on the field of biomedical-health
informatics we welcome the initiative by the IMIA of es-
tablishing international exchange programs for students
and teachers [9].
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3.2 Structural Barriers

There are many reasons why medical schools are re-
luctant to incorporate medical informatics in their core
curriculum. First of all, medical school professors do not
all fully recognize the importance and meaning of me-
dical informatics. Secondly, the densely packed medical
school curriculum does not leave a suitable time slice for
the proper training of medical informatics [10].

Lack of involvement of health informatics in core cur-
riculum in most medical schools creates artificial barriers
in medical education and slows down information trans-
fer. The lack of formal health informatics training begs
the questions as to whether future doctors will understand
the full capabilities of electronic platforms and technolo-
gies, and whether they will know how to evaluate them
and integrate them into their practices.

A recent paper by Stead et al. [11] discusses the ma-
jor directions and tasks needed for better e-Health educa-
tion. The authors emphasize that medical schools should
have academic units in biomedical informatics in order to
achieve a sufficient knowledge for education and research.
Only this can ensure that clinical information systems are
fully integrated with and support the education and re-
search missions of the medical school. In addition, medical
educators should also be sufficiently trained to model cli-
nical and research IT applications, in order to modernize
curricula appropriately, and evaluate trainees and teach-
ing methods [3].

3.3 Standards and Development

The question asked many years ago, "To what de-
gree are medical schools teaching medical informatics and
how?" has still only partially been answered. Medical
Informatics is a constantly developing field. Some years
ago, topics like literature searching, internet use, com-
puter assisted diagnosis, hospital information systems and
electronic patient records constituted the maximum re-
quirement for a medical graduate. Today telemedicine,
telediagnosis, and patient-support systems also require
more and more attention in a curriculum.

Although there are very good standards (they should
be updated year by year) on what makes up an informatics
curriculum [9], medical schools teach what they consider
important, what can be financed and what can be forced
into the tight time-frame [8].

Despite the European legislative framework requiring
mutual recognition of medical degrees and qualifications,
little has been done to examine the comparability and
standards of such qualifications or to describe them in de-
tail. Responsibility for deciding what should be learned
during that time and what the outcomes of that learning
should be is devolved to individual medical schools.

The challenges faced by medicine today are enormous.
Setting and continuously updating curricula are an ongo-

ing task of all medical schools [6, 9, 12]. Our experience in-
dicates that recommendations by the IMIA are extremely
useful in curriculum development but these recommenda-
tions usually do not reach the appropriate persons with
decision competences. Medicine has always welcomed new
technology; therefore informatics was incorporated into
everyday medical practice decades ago. In fact, the de-
velopment of many fields in informatics was driven by the
demands of health care and occasionally stimulated by the
medical educational system.

3.4 The System Should be Output Driven

Although it is desirable for all kinds of medical pro-
fessionals to graduate with a certain set of computer and
information management skills, there are no general com-
puter skill assessment systems which allow national or in-
ternational comparisons and evaluation of such skill-sets.
It is imperative to define the basic skills and knowledge
requirements for various health care professionals [5]. It
would be a challenging, but worthwhile, project to con-
struct an international evaluation system which would be
accepted by the various faculties teaching health sciences.
Development of an ongoing training program for employ-
ees including the educational staff is a task closely related
to the graduate and postgraduate courses organized for
students.

The lack of formal health informatics training begs the
questions as to whether future doctors will understand
the full capabilities of electronic platforms and technolo-
gies, and whether they will know to evaluate and integrate
them into their practices. Several studies indicate that, al-
though to differing degrees, training problems in E-Health
affect almost all countries [3, 9, 10, 13, 14]. Establish-
ing informal and formal professional networks would help
in constructing and updating curricula, and setting ac-
ceptable competence and skill levels. Therefore, there is
an urgent need for harmonized national and international
programs for better education of the health professionals.

3.5 Cross-Border Projects May Help in
Finding Additional Resources

Common cross-border projects combining the efforts
on specific issues should aim at finding salary supplements
and facilitating common research-development activity.
When we consider effective cross-border collaborations in
education programs of our discipline, it is worth mention-
ing that the terms medical informatics and biomedical
informatics have diverse definitions in distinct geographi-
cal regions and even within the same country [12]. There-
fore intensive discussions and careful exploration of the
various definitions/descriptions in the neighbouring areas
would help in reaching consensus and in finding common
terminology [7]. The artificial political, cultural and eco-
nomical separation during the second half of the previ-
ous century also has forced Hungary to find individual
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solutions for problems in medical informatics training, as
well as all other fields of health care [14]. When glob-
alization incorporated our countries into Western culture,
countries of the former Eastern block had no choice but to
follow international trends, by taking on widely accepted
operation systems, adapting basic documentation meth-
ods and implementing Western-type education systems.
Even though adaptation became a universal routine, the
presence of various backgrounds and former goals resulted
in information systems in the former socialist countries be-
coming disparate and confusing [13]. Now, the necessity
of more intensive regional dialogues and cooperation urges
experts in biomedical informatics to engage in more in-
tensive collaboration, in order to establish joint concepts
and practice for improving the health conditions of our
countries [9, 15, 16]. Consequently, we have to voice our
individual problems, and analyze them in order to find
common solutions. It has been emphasized several times
that human resources are critical in determining the level
of performance of the health care delivery and for the at-
tainment of national health goals in all countries.

4 Conclusions

In summary, an efficient development of partnerships
within the health care system assumes that all profes-
sionals involved must possess strong informatics and in-
terpersonal knowledge, and skills reaching beyond their
own individual fields. There is an emerging need to de-
fine the basic skills and knowledge for each level of the
health care education. A wide range of collaboration in-
cluding trans-border cooperation offers a unique oppor-
tunity for the establishment of common criteria for basic
skills and knowledge, via joint discussions, collaborative
thinking and concerted action.
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Abstract

One of the aims of medical education is teaching the stu-
dents not only theoretical knowledge but also to equip them
with the necessary practical skills. In Germany, a revision
of the federal law on medical education in 2002 had exactly
this aim. In the following years, all around Germany, me-
dical programs tried to reflect this change in paradigm and
in 2005, a new model of teaching medicine was introduced
at the Hannover Medical School. The topic of medical
informatics was integrated in the third year of the model
curriculum. Although medical informatics itself plays an
important role in medical care, it soon became apparent
that the opinion of students does not reflect this impor-
tance, rather, they do not really understand why they have
to deal with this subject at all or they are under various
misconceptions concerning the role of medical informatics
in medicine.

Apparently, the conventional ways that had been in use in
the past to teach medical informatics to medical students
left too many questions unanswered. To alleviate this si-
tuation, we utilized the feedback given by the students –
gathered in evaluations, but also voiced in live discussions
as well as anonymous forums – to improve the way me-
dical informatics is taught. In this paper, we first present a
short appraisal of the situation, backed by the information
gathered from the students, and then move on to give a
more detailed view on the methods used to better convey
the benefits of medical informatics in our classes. The new
approach of teaching is also evaluated using standardized
methods and the results are presented.
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1 Introduction

A common aim of medical education is educating stu-
dents to become practically skilled, scientifically educated
and (self-) reflecting physicians. In Germany, the federal
law on medical education was revised in 2002 to meet this
aim more appropriately. In many medical faculties, more
emphasis was placed on the development of practical abil-
ities and a better integration of preclinical and clinical
aspects into new course concepts was started. In 2005, a
new model curriculum was introduced at Hannover Me-
dical School (MHH) [1].

The principle of HannibaL (=Hannover integrated
adaptive practice-related learning concept) is a patient-
centered, integrated training based on profound scientific
knowledge. Although this approach may work well for
clinical subjects, the real challenge for education in me-

dical informatics is to emphasize its practical relevance in
modern medicine.

In HannibaL, the medical informatics classes are inte-
grated into a module of three weeks duration during the
third year of studies. The students receive 23 hours of
lectures and tutorials in medical informatics. Other non-
clinical subjects taught in this module include epidemiol-
ogy and biometry.

All modules provided for human medicine are regularly
evaluated by the central evaluation unit of the Hannover
Medical School. The evaluation of the module for medical
informatics received in the past made it apparent that a
new approach concerning the didactical design and the
contents was necessary. In the following paragraphs, we
will describe the methods we employed for restructuring
the module during the study year of 2008/09.
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Figure 1: Survey at the beginning of the 1st tertial 2008/2009, n= 75.

2 Background

In the Hannover model curriculum each academic year
is subdivided into three parts, so called tertials [2]. Thus,
the same lessons have to be given three times each aca-
demic year to groups consisting of about 90 students.
Our course covers the basics of medical informatics, i.e.
clinical decision support systems, medical information
systems, healthcare telematics, data privacy protection,
health technologies, medical image processing and biosig-
nal analysis as well as general aspects of using the internet
in medicine.

At the MHH, all courses are evaluated after the cor-
responding final exam using a consistent scheme [3]. In
addition to a summative grade, students evaluate in single
categories teachers, content, learning material, organisa-
tion, exam and patient orientation of the course. Thus,
the evaluation is also performed three times a year. A
positive evaluation is not only of personal interest for the
lecturers. It is also of importance concerning the acqui-
sition of additional, internal funding from the university
that is being distributed depending on the respective eva-
luation.

The evaluation of the module for medical informatics
left much to be desired. Thus, it was necessary to recon-
sider the underlying concept and the orientation of the me-
dical informatics course. Our starting hypothesis was that
medical students are mostly unaware of the importance of
medical informatics within modern medicine. They only

consider the course as an unpopular obligation with little
or no relevance for their future profession.

Since patient orientation is one of the central points in
HannibaL, starting in the academic year of 2008/09, a fic-
titious patient was introduced as a leading figure into all
topics taught in the medical informatics classes, with the
goal of better showing the significance of medical informa-
tics in the various phases of patient care. This patient
and how the methods of medical informatics facilitate the
storage and evaluation of the various data acquisitioned
during his stay in a hospital became the central educa-
tional concept of our classes. For each of the basic topics
in medical informatics, we tried to give practical examples
for our virtual patient to make clear that medical informa-
tics plays an important role in the whole process of pa-
tient care. Nevertheless, while it was not hard to provide
practical examples concerning our “virtual patient” (who
suffered from a shoulder dislocation) when talking about
imaging modalities and image processing, in some cases,
such as clinical decision support systems, it was hard to es-
tablish a relationship between the described case and the
sub-specialty of medical informatics. Thus, our method
of implementing a more patient oriented way of teaching
did not always proceed smoothly.

By asking the students to complete further question-
naires in addition to the standard evaluations, we tried to
get detailed information about the factors playing a role
concerning the dislike many students harbour concerning
the subject of medical informatics.
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Figure 2: Survey at the end of the 1st tertial 2008/2009, n=50.

3 Methods

At the beginning and the end of each medical informa-
tics course, the students were asked to complete a ques-
tionnaire that asked about the perceived importance of
medical informatics within medicine as well as their per-
sonal interest in the topic of medical informatics.

Furthermore, in each tertial, four seminars with 20-
25 participants each took place, where the role of me-
dical informatics within medicine was discussed critically.
For this purpose, an anonymous forum within ILIAS,
the learning management system of the MHH, was used.
During the seminar, the students were first asked to
anonymously answer the questions. Afterwards, the vari-
ous opinions expressed during the anonymous phase were
jointly discussed. In each following tertial, we refined the
questionnaire using insights of the previous cohorts.

In the following sections, based on the results of the
standardized evaluations as well as our additional evalu-
ations, we will describe the overall assessment of the me-
dical students concerning medical informatics and the con-
sequences we drew based on the results. This is mainly
done based on the results of the 1st tertial.

Unfortunately, the response rate for the additional sur-
veys at the end of the 2nd and 3rd tertial was not high
enough to be able drawing significant conclusions from
them.

4 Results

4.1 Students’ Perspectives on Medical
Informatics

The results of the first survey in the 1st tertial of the
academic year of 2008/2009 showed that there is a consi-
derable mismatch between the estimation of the impor-
tance of medical informatics and the students’ personal
interest in medical informatics.

With a scale of 1 representing “irrelevant” to 10 rep-
resenting “very relevant”, the students were supposed to
rate the perceived relevance of medical informatics within
medicine. Again using a scale from 1 to 10, the students
also had to indicate their personal interest in medical
informatics with 1 representing “no interest” to 10 rep-
resenting “high interest”.

The mean of the importance of medical informatics is
6 pts. (sd=2.3), whereas the mean of the estimated per-
sonal interest was only 5 pts. (sd=2.4). The difference is
best illustrated by a graphical illustration of the respec-
tive dispersion of all values (fig. 1). The importance curve
is skewed left, the interest curve is slightly skewed right
and has a flat kurtosis.

The survey at the end of the 1st tertial shows that
the opinion of the students did not change for the better
(fig. 2). In contrast, students’ interest was even lower
with a mean of 5 pts. (sd=2.5). The evaluation of the
importance of medical informatics improved only slightly
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Figure 3: Standard evaluation 1st tertial 2008/2009.

(7 pts./sd=2.3). 50 students (50%) filled in the question-
naire.

To gain a better insight into why students think me-
dical informatics is important for medicine but not impor-
tant for themselves as medical students, we started a more
detailed analysis of the entries given in the anonymous fo-
rum as well as of the comments the students voiced during
the seminars.

4.2 Results from Discussing the Matter
with the Students

Already in the 1st tertial, during the aforementioned
discussions in the critical reflection part of the medical
informatics seminar, it became apparent that many of the
students are hardly interested in dealing with the prin-
ciples and various issues of medical informatics. We col-
lected their arguments for or against the integration of the
subject into the medical curriculum.

Typical statements were: “Why do I have to learn all
this now, the software will certainly have changed when
I am finished”, “Why do I have to learn so many details,
in practice all problems will be solved by experts anyway”
or “Why do I have to learn things now that do not really
help me in my current situation”.

Even though the students generally recognized medical
informatics as relevant for medicine, they were not en-
thusiastic about its integration into the medical curricu-
lum. We wanted to determine why and therefore adapted
the questions posed to the students in the 2nd tertial.

Now, the students were also asked what skills in medical
informatics they deem important for a physician.

It turned out that many medical students have a very
narrow perspective: they hold the opinion that with re-
gard to skills in medical informatics, physicians only have
to be able to correctly operate the software necessary for
medical care. Since software and its handling changes over
time, for the majority of the students it does not make
sense to already have to learn about current software in
their 3rd year of studies since it will be years until they
really have to work with the software; they also think that
the software will look and work completely different until
then.

We were surprised by these statements, since the goal
of our classes in medical informatics was not to train the
students in operating certain software products. When-
ever a program was shown during the lectures or used
during the seminars, it was only mentioned as an example
to show basic principles. The focus rested on the general
principles and methods of medical informatics. Appar-
ently there was a discrepancy between the view of the
teacher and the view of the students regarding the learn-
ing objectives of the class.

4.3 From Patient Orientation to Personal
Learning Objectives

Our attempt to receive better evaluation scores
through integrating a fictitious patient to underline the
relevance of medical informatics for patient care did not
serve to increase the personal interest of the students in
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Figure 4: Standard evaluation for the 1st tertial of 2009/2010.

the subject. The course did not manage to alter student’s
points of view. Results of the standard evaluation for
the same cohort documented the dissatisfaction (fig. 3).
The students are supposed to evaluate the quality of the
teaching staff, the content of the classes, the provided ma-
terials, the patient contact and the final exam as well as
the organizational aspects. In addition, there is an over-
all evaluation of each module using the grading system
also employed by German high schools that is based on
15 points representing exceptional results and 0 points
representing a failing grade.

Despite our efforts to put an emphasis on showing the
importance of medical informatics in medicine, at the end
of the 1st tertial, the overall assessment still left much to
be desired with 6 points. Of the participating students,
79.9% rated the contents of the module as a weakness of
the module. Only the lecturers as well as the organiza-
tional aspects of the module received positive evaluations.

The sobering results of the evaluation as well as the
statements the students made during the critical reflec-
tion seminars made us once again rethink our didactical
concept. A new concept was worked out. Therefore, each
lecturer reflected the students’ perspectives based on the
analysis of their accounts.

Thus, the educational concept of our medical informa-
tics course was revised and learning objectives for each
subtopic were defined. The learning objectives were sup-
posed to give the students a binding concept of the compe-
tencies they were expected to acquire and how these skills
already could be helpful in their present training. In this

way, the students were shown the practical relevance of the
presented lectures. The goal was to give them a distinct
idea about the impact and importance of medical informa-
tics in all phases of medical education. Therefore, at the
beginning of the tertial, a comprehensive introduction to
the course was given. Each topic was presented by one
of the lecturers. During this introduction, each lecturer
gave a personal account of what he or she expected the
students to learn, including some basic examples to pique
the personal interest of the students. Thus, the various
topics of medical informatics became tangible – something
the students could better understand and apply.

It turned out that the new concepts of the class and
especially the presentation of the learning objectives lead
to a significant increase in the standard evaluation results
in the next study year (fig. 4). Apart from the assessment
of the learning contents themselves and the integration of
patients in the syllabus, the other evaluated aspects were
all seen as strengths of the module. Also, the overall as-
sessment rose to 10 points and was thus much better than
in the previous tertial.

The trend of the standard evaluation in 2009/10 was
continued subsequently. Currently the results level off
around 9 points. In the opinion of the students, the strong
points of the module continue to be the lecturers, the or-
ganizational aspects, the learning materials as well as the
written exam.

5 Conclusions

In publications about the skills medical students are
supposed to acquire in medical informatics, there is a focus
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on various topics of epidemiology and biometrics and even
within the medical informatics community; “pure” me-
dical informatics is not really seen as an interesting topic
[4, 5, 6, 7]. In addition to the scientific perspective on me-
dical informatics, we put the emphasis on a competency-
based approach as described by Manta et al. [8]. Aside
from describing the learning outcomes, it also seems im-
portant to implement the learning objectives as individual
learning goals for the students. Of course, clearly defined
learning objectives are important in all educational set-
tings. Nevertheless, a clear definition of the learning goals
becomes even more important when considering the ed-
ucation in medical informatics. The description of the
learning objectives at the beginning of the course was one
of the factors leading to better evaluation results.

Still, the evaluations and the discussions in the semi-
nar showed that some students did not at all fathom why
they had to gain deeper insights into medical informa-
tics. They acknowledge that the topic contributes essen-
tially to the medical field. Yet, it seems to be a domain
that is reserved to experts from outside who provide their
knowledge to physicians and hospitals. Related to their
education, many students reduce medical informatics to
the proper use of software. It is therefore important to
broaden this perspective.

Starting in the academic year of 2009/10, the eva-
luation results finally became satisfactory, although the
exceptional evaluation results of the 1st tertial deterio-
rated a bit in the following tertial and finally levelled off at
an average of 9 points. One of the remaining problems is
that since attendance is during the lectures is not manda-
tory, many students refrain from participating. One of
the main contributing factors is probably the time de-
mands that are placed on the students. Medical informa-
tics still remains a seemingly superfluous subject to many
students. To firmly establish medical informatics as an
important part of medical studies, it would be helpful to
better integrate its various aspects with clinical subjects:
methods of digital image processing could be combined
with radiology, the functions of clinical information sys-

tems could be explained as soon as the students start the
clinical part of their education and diagnosis supporting
systems might better be introduced while the students are
taught diagnostic methods.
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Abstract

This article describes a novel double-degree Master’s pro-
gram in Nursing and Health Informatics. The program was
designed to prepare nurses with graduate level competen-
cies in both nursing and health informatics. Such compe-
tencies are essential for professionals working in the rapidly
expanding fields of nursing and health informatics. There
is an immediate and longer-term need for clinical profes-
sionals with such expertise in Canada. Furthermore, a pro-
gram was needed to provide graduate level credentialing in
nursing and health informatics so graduate students could
develop needed workplace competencies at the intersection
of nursing and health informatics in the international move
towards electronic health records.

The double-degree program described in this paper is the
first of its kind. The design, underlying rationale, and ini-
tial experiences with the program are described in detail in
this paper.
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1 Introduction

There is an increasing need for well qualified health
informatics specialists who possess clinical skills as well
as health informatics knowledge, skills and judgment. In-
deed, in many efforts to deploy complex health informa-
tion systems (HISs) throughout the world, it has been
reported that a major stumbling block has been a lack
of professionals who understand the complexities of HISs
(such as electronic health records - EHRs) and the health-
care settings where they are deployed.

To address these issues, the Schools of Health Infor-
mation Science and Nursing at the University of Victo-
ria collaborated to design a Masters program that allows
students to graduate with two degrees – one in health
informatics and one in nursing. The Masters program
is designed to bridge competencies in the two domains.

The School of Health Information Science is an educa-
tional organization which has offered degree programs in
health informatics for thirty years and is recognized for its
teaching, research and consultancy in health informatics
[1]. The School of Nursing at the University of Victoria
is recognized for its innovative delivery of education, in
particular distance models for delivery of programs.

This paper describes the design of a new double-degree
program in Nursing and Health Informatics. It begins
with a discussion of the background to the program’s de-
velopment followed by related graduate programs. This
discussion is followed by the description of the health and
human resource issues that have influenced this program’s
development, along with a description of the program cur-
riculum and course structure. The paper concludes with
an overview of the experiences to date and lessons learned
in the program’s implementation.
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2 Background to Bridging Nursing
and Health Informatics
Education

Over that last twenty years we have seen a considerable
rise in the implementation and use of health information
systems (HISs) and information and communication tech-
nologies (ICTs) in healthcare globally. Many countries
are currently implementing HISs and ICTs in an effort to
streamline healthcare delivery, reduce medical errors and
improve the overall quality and efficiency of healthcare
services (e.g. United States, countries of the European
Union and Canada) [2, 3, 4, 5]. In Canada, Canada Health
Infoway [6] has been working with federal, provincial and
territorial governments to implement HISs that would lead
to a pan-Canadian EHR, or repository of electronically-
maintained information about a patient’s health status
and healthcare that can be used by patients and health-
care professionals involved in their care [5, 6, 7]. Such a
large scale deployment of HISs and ICTs is not possible
without a substantive, formally educated workforce in the
discipline of health informatics [5, 8, 31].

In Canada, health informatics is considered to be the
field that deals with information processing (including
computers) and communication in healthcare practice,
disease prevention, education and research [8]. This in-
cludes not only access to health related information elec-
tronically by healthcare workers, but also by the gen-
eral public and patients (e.g. use of Web-based health
information resources to access health information) [7].
The sub-fields of health informatics include bioinformat-
ics, imaging informatics, public health informatics, educa-
tional informatics and clinical informatics (of which nurs-
ing and medical informatics are a part) [5, 9].

Health informatics professionals are responsible for de-
signing, developing, implementing, evaluating, and main-
taining HISs in a wide array of healthcare settings [7, 8, 9].
According to Canada’s Health Informatics Association
(COACH), health informatics professionals must have in-
formation, clinical and management science competencies
to be successful in the field of health informatics [8]. Many
of these competencies overlap with those outlined by the
International Medical Informatics Association’s (IMIA)
work on education in biomedical and health informatics
[9]. These competencies also take into account the local,
Canadian historical developments in the fields of health
informatics and nursing education and are reflective of
the regional health authority, government and industry
sectors that employ health informatics professionals [8].

2.1 Defining Health and Nursing
Informatics in Canada

Historically, health informatics has been an interdisci-
plinary field—drawing researchers and professionals from
differing domains of practice (e.g. computer science,

medicine, nursing, management, library science). Health
informatics professionals drew on knowledge and research
from these fields to inform their practice. Over the last
twenty years, health informatics has emerged as a sepa-
rate discipline developing its own body of knowledge that
is contributing to its own growth as a discipline as well as
contributing knowledge back to the disciplines from which
it originated (e.g. computer science, medical science, nurs-
ing science and library science) [5, 8]. As a consequence,
health informatics professionals in Canada require infor-
mation, clinical, and management science competencies.
Health informatics professionals need these core compe-
tencies to have the knowledge, skills and judgment to ef-
fectively implement and maintain HISs [8].

The Canadian Nursing Informatics Association [10]
draws on the work of Staggers and Bagley-Thompson’s
[11] in defining nursing informatics in Canada. They iden-
tify that:

"nursing science, computer science, and informa-
tion science are used to manage and communicate
data, information, and knowledge in nursing prac-
tice. Nursing informatics facilitates the integra-
tion of data, information, and knowledge to support
clients, nurses, and other providers in their decision-
making in all roles and settings." [11].

In summary, nursing informatics can be considered
a discipline-specific form of informatics practice within
health informatics. Nursing informatics borrows from
nursing science, computer science, information science
and nursing practice to support nurses, other healthcare
providers and patients (including information structures
and processes).

2.2 Related Graduate Programs

Internationally, a number of biomedical, health and
nursing informatics programs have been developed and
implemented in varying countries around the world. In
the area of nursing informatics, there are a number of
nursing schools that offer students a Masters in nursing
with a specialization in nursing informatics; for exam-
ple, the University of Maryland [12] and the University
of Utah [13]. Efforts in nursing informatics in Europe
have included projects such as NIGHTINGALE which
have focused on implementing strategy for training nurses
to apply and use HISs [14]. In the area of biomedical
informatics, there have been a wide range of programs em-
anating from medical and computer science/informatics
schools. For example, in North America there are mas-
ters programs in biomedical informatics such as those of-
fered by Columbia University [18], Arizona State Univer-
sity [15], Oregon Health and Science University [16] and
Washington State University [17]. In Europe there have
been several pioneering medical, biomedical and health
informatics Masters programs, a number of them predat-
ing those in North America such as the Medical Informa-
tics Program at Heidelberg/Heilbronn in Germany that
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was founded in the 70’s [33]. Other health and biomedi-
cal informatics programs can be found in the Netherlands
[19, 20], Austria [21], Spain [22] and other European coun-
tries [23, 29]. Extensions of this work has included the Eu-
roMISE project which involved 20 universities, research
institutions and companies and created a teaching net-
work of higher education institutions focusing on medi-
cal informatics, medical statistics and epidemiology [24].
Programs designated as health informatics masters have
also appeared worldwide, including those in Saudi Ara-
bia [25], Peru [26] and Canada [7]. Many of these health
informatics programs have focused on competencies and
have been influenced by curricula recommendations re-
leased by IMIA [14].

Despite the number of health and biomedical informa-
tics related programs, in reviewing the published litera-
ture describing innovations in graduate education in the
area, we were unable to find any programs that provide
students with a Masters of Nursing (MN) and a Masters
Science (MSc) in Health Informatics upon completion. At
the University of Victoria, we have observed a demand
for trained professionals that have competencies in both
nursing and health informatics (as described in the next
section on Health and Human Resource Issues). Further-
more, the University of Victoria, having both a School of
Health Information Science and Nursing, allowed for the
opportunity to explore the creation and implementation
of a new type of program that was designed to integrate
training, leading to the full list of competencies at the
graduate level for nursing and health informatics. Given
the current world-wide landscape regarding related pro-
grams and the observed Canadian workforce needed to
develop graduates with dual competencies (as described
in the next section) we embarked on the creation of the
new double degree program described in this paper.

2.3 Health and Human Resource Issues

In Canada the need for skilled health informatics pro-
fessionals is significant [31]. According to statistics pub-
lished in 2008, only 2.4% of Canadian hospitals have a
full electronic patient record [32]. 97.6% of hospitals [32]
use both paper and electronic records (i.e. hybrid envi-
ronments) to record patient information [26, 27]. As well,
up to 60% of physicians still use paper patient records in
their offices. The Canadian government recently funded
Canada Health Infoway, the organization that has spear-
headed the use of EHRs, another 500 million dollars (after
an initial billion dollar investment) to continue its work
in the area of EHR implementation [6].

Canadian estimates indicate there is a shortage of
qualified health informatics professionals [8]. A published
report identified that there is a need for 8,490 health
informatics professionals over the next 5 years with an ad-
ditional 32,170 individuals who are working in the health
informatics field requiring skill broadening to include the
health informatics competencies necessary to work in the
area as outlined by COACH [8, 31].

In terms of nursing, at the time the current program
was being developed there were no Masters of Nursing
programs that prepared graduates with a specialization
in nursing informatics in Canada. There were only a few
post-graduate certificate programs and standalone courses
[8, 10]. Therefore, even if the existing health informa-
tics programs attempted to increase their student output,
there would still be a severe shortage of health informatics
professionals well into the future [8, 28, 29, 30, 31].

The program described in this paper grew out of a
response to current and future needs for health informa-
tics professionals in Canada. More specifically, there is
a need for health informatics professionals that can sup-
port current implementation and future use of EHRs. It
is anticipated that healthcare records in all major insti-
tutions (i.e. hospitals, home care agencies, clinics and
physician offices) will become paperless. Canada’s insi-
tutions are moving away from hybrid (paper-electronic
EHRs) to full EHRs [27]. These EHRs require updat-
ing to reflect advances in clinical practice, administrative
work and technological advances. EHRs necessitate a ma-
jor shift in healthcare practice and the need to develop
experts to support that practice. As a consequence, the
objective of the new program is to prepare graduates to
be at the forefront of health informatics in Canada and
internationally.

A double-degree program was designed because in-
dividuals experienced in healthcare practice, medi-
cal/nursing terminologies and institutional culture who
are also experts in computerized technologies are needed
to guide other health professionals in these new practice
demands [8, 31, 34]. Professional nurses are in a unique
position to become leaders in this field once they ob-
tain the necessary foundational knowledge and familiar-
ity with advanced or graduate level nursing and health
informatics practice. Currently, there are many nurses
nationwide who are implementing EHRs. There are also
many nurses who are members of the Canadian Nursing
Informatics Association. The majority of nurses working
in nursing/health informatics roles hold bachelor’s degrees
in nursing. Some hold graduate degrees that are clinically
or administratively focused (i.e. focusing on clinical as-
pects of nursing or health services administration/policy).
These individuals were the initial target audience for this
program – the program would provide them with oppor-
tunities to broaden and/or develop graduate level nursing
and health informatics competencies.

The infrastructure for the double degree program al-
ready existed in the Faculty of Human and Social Develop-
ment at the University of Victoria. The School of Nursing
has offered the Masters of Nursing (MN) degree, with a
current enrolment of nearly 200 students. The School of
Health Information Science has offered a Master of Sci-
ence (MSc) in Health Informatics since 1990, with a cur-
rent enrolment of approximately 90 students. While MN
programs are offered at many universities throughout the
country, the School of Health Information Science at the
University of Victoria is the only School in Canada de-
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voted to health informatics and offers the only distance
MSc in Health Informatics in Canada. The University of
Victoria had a unique opportunity to offer a double-degree
program in these areas as there is expertise in both do-
mains that is not readily available in any other location
in Canada.

3 Aims, Goals, and Objectives of
the Double-Degree Program

3.1 Distinctive Characteristics

The double-degree program was designed to offer
baccalaureate-prepared nurses the opportunity to develop
advanced practice competencies in two fields, creating an
exciting career pathway. The program was designed so
that an MN and MSc in Health Informatics could be com-
pleted in three years, where two separate degrees would
take four years.

Further, the double-degree program is designed to pro-
vide the opportunity to engage in two distinct but related
fields simultaneously and in an integrated manner. To
complete the program, students take both degrees concur-
rently. In addition, the program was designed to be offered
online through distance and distributed learning tech-
nologies (using Moodle R© and Blackboard Collaborate R©).
The intent was to make the program accessible to students
throughout Canada and beyond.

Typically, a new program requires substantial re-
sources for program development and implementation.
However, this double-degree program took advantage of
existing programs, existing courses, and resources already
available to MN and MSc Health Informatics students.
In addition, this new program was complementary to
the university’s current programs as it provided interdis-
ciplinary opportunities not only to the students in the
double-degree program but to all graduate and undergrad-
uate nursing and health informatics students, though elec-
tive courses, seminars, research collaborations, and other
forms of scholarship.

3.2 Program Goals

The goal of the double-degree program is to prepare
advanced practice nurses for careers at the intersection
of nursing and health informatics, thus the overarching
goal is to produce graduates who are qualified to work in
a wide range of roles, including consulting roles, analyst
positions, management roles (i.e. directors and chief in-
formation officers) and specialists in clinical informatics
across Canada and abroad.

The faculty developing and delivering the program be-
lieve that nurses possessing the requisite health informa-
tics background will be particularly sought after for key

leadership roles in promoting and disseminating HISs.
The program also prepares students to pursue further doc-
toral work in either nursing or health informatics.

Currently, there are many nurses who are members of
the Canadian Nursing Informatics Association and who
are already working in health informatics. Many nurses
have expressed a desire to advance their knowledge and
skills at the intersection of nursing and health informatics
(and this number is rapidly growing). In fact, currently
there are many more health informatics professional work
opportunities than health informatics positions in Canada
and abroad). These positions are in regional health au-
thorities, hospitals, HIS vendors, consulting companies,
federal and provincial governments and health informa-
tion organizations (e.g. Canadian Institute for Health In-
formation). There is a major demand for appropriately
trained graduates to design and implement EHRs and this
demand is continuing to increase.

4 Curriculum Design

The double-degree curriculum follows the curriculum
design of each degree (i.e. the Masters of Nursing and the
Masters in Health Information Science). Each student
entering the program must be a Registered Nurse with
a Bachelor of Science in Nursing degree and (generally)
with at least two years of clinical practice experience to
enter the program. The admission requirements are the
same as for the individual nursing and health informatics
programs (i.e. students must fulfill the requirements for
entering a Masters in Nursing, as well as the requirements
for entering a Masters in Health Information Science pro-
gram) with the addition of a pre-requisite undergraduate-
level statistics course for students. Applicants are also
expected to have obtained at least two years of relevant
work experience before applying (e.g. working as a inten-
sive care nurse or a community health nurse) and complete
a research thesis.

Each student takes advanced Nursing courses and a se-
ries of courses in Health Informatics. The Nursing courses
taken are the nursing graduate core classes in philosophy,
theory and methodology, plus a course on issues and two
electives. The health informatics courses to be taken are
those in HIS, an overview of health informatics, database
design, and research, plus two electives supporting stu-
dents’ career goals. The course sequence is a three-year
program designed for full-time students. Each year re-
quires coursework in both disciplines. Table 1 lists the
curriculum sequence for the double-degree program.

In addition each student completes two experiential
learning or cooperative (Coop) education experiences that
give them work experience in one placement that is speci-
fically nursing/clinical informatics related and another
placement in a more general health informatics setting.
The cooperative education experiences are planned within
the existing structure of the School of Health Information
Science. Students are expected to develop health informa-
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tics competencies and to also demonstrate the ability to
apply advanced nursing concepts to practice.

A research based thesis is required. Students enroll
in a thesis seminar class at the end of the 2nd year of
the program and will have one calendar year in which to
develop and execute the thesis project. The supervisory
committee consists of two faculty co-supervising students,
one from each discipline (nursing and health informatics).
The faculty supervisor from health informatics provides
expertise from his or her field of research and work (e.g.
human factors in healthcare, organizational behavior and
change management, patient safety). The faculty super-
visor from nursing provides expertise from a clinical and
advanced nursing practice perspective. As the supervi-
sors have regular contacts with their students each term
in these two programs, the integration of the disciplines is
evaluated as the student progresses.

4.1 Schedule of Course Delivery

It should be noted that the reason that coursework
in both disciplines is required in each year is that the
student is expected to simultaneously apply the con-
cepts/theories and competencies from each discipline to
the other throughout the double degree program (see Ta-
ble 1). Students taking a nursing theory class are directed
to apply the theory to the practice of health informatics.
Likewise students taking a health information systems
course will be directed and guided to reflect on informa-
tion systems in the practice of nursing.

A total of 2 Nursing electives and 2 Health Informatics
electives are required.

Electives are chosen in consultation with student’s su-
pervisors from nursing and health informatics (see below).

Health Informatics electives:

HINF 561 Project Management
HINF 551 Electronic Health Record
HINF 511 Clinical Decision Support Systems
HINF 560 Health Care Quality Improvement
HINF 573 Applied Biostatistics
HINF 575 Human Factors in Healthcare
HINF 510 Information Management and Technology
HINF 562 Procurement in Health Informatics
HINF 591 Ethical and Legal Aspects of Health

Informatics (Special Topics)

Nursing electives:

NURS 503 Qualitative Approaches to Research
in Nursing

NURS 504 Phenomenology and Hermeneutics
Approaches to Inquiry

NURS 514 Nursing Ethics for Leadership and
Practice

NUNP 531 Applied Pathophysiology

NUNP 532 Pharmacology Interventions in Health
and Illness

NUNP 540/541 Advanced Assessment and Diagnostic
Reasoning

NUED 570 Engaging with Pedagogy: Teaching
and Learning in Nursing Education

4.2 Delivery Methods

The program begins with an onsite initial orientation
to the nursing and health informatics programs. In the
School of Health Information Science this consists of a
half-day non-credit orientation to the School, its resources,
the library, the educational tools used in the program, the
faculty, an overview of the health informatics courses is
provided and thesis requirements. The Nursing orienta-
tion is a general, three-day orientation for all students in
the distributed MN program. It is non-credit, and the
only time students are required to be on campus for the
duration of their program. The orientation includes an in-
troduction to the graduate nursing program, time to meet
with faculty advisers, an introduction to MN core courses
and an introduction to online learning tools.

All courses are delivered through online distance
learning technologies (e.g. Blackboard Collaborate R©,
Moodle R©), supplemented with an orientation to each of
the three years. The experiential or cooperative learning
experiences are in locations throughout Canada. Each
experiential or cooperative education experience will be
455 hours in length. (Note: all courses are currently
taught online and both School’s faculty are experienced
with this delivery method).

4.3 Learning Outcomes, the Curriculum
Design and Competencies

4.3.1 Master of Nursing Degree

The learning outcomes for the Master of Nursing pro-
gram have been documented in the establishment and the
delivery of the Master of Nursing degree. The program
goals for the Master of Nursing program are that the gra-
duates:

1. Develop advanced knowledge in nursing comple-
mented by knowledge from other sciences and bodies
of knowledge.

2. Develop in-depth knowledge related to a particular
area, context of population of practice.

3. Be critically-reflective practitioners.

4. Develop a focused vision of advanced nursing prac-
tice.

5. Provide leadership and direct care in advanced prac-
tice roles.

c©2011 EuroMISE s.r.o. EJBI – Volume 7 (2011), Issue 2



en36 Borycki, Frisch, McIntyre, Kushniruk – Design of an Innovative Double Degree Graduate Program

Table 1: Master of Nursing (MN) and Master of Science (MSc) in Health Informatics Double-degree [Full time (3+ years)]
(NURS = nursing course; HINF = health informatics course; NUHI = nursing and health informatics).

Year 1
September-December January-April May-August

NURS 506 NURS 507 NURS 508
Philosophical Knowledge Theoretical Knowledge Methodological Knowledge

& Advanced Practice Nursing & Advanced Practice Nursing & Advanced Practice Nursing
HINF 572 HINF 550 Coop or Experiential

Health Informatics: An Overview Health Information Nursing Experience
Systems Design

HINF 501
Database Design

Year 2
September-December January-April May-August

HINF 503 Coop or Experiential NURS 565-566-567
Research Methods Nursing Experience Trends and Issues

in Health Informatics in Advanced Practice Nursing
HINF Elective NURS Elective
HINF Elective NURS 593 or HINF 580

Thesis/Project Seminar
Year 3

September-December January-April
NURS Elective NUHI 599 Thesis

[until completion]
NUHI 599 Thesis

6. Contribute to knowledge development.

7. Develop and support "best practices".

8. Negotiate and manage change.

Table 2 illustrates the other learning outcomes and
the courses/activities/content that supports the student
in achieving the expected nursing outcomes. Courses that
support each of the learning goals stated are illustrated in
Table 2.

4.3.2 Masters of Science in Health Informatics
Degree.

The learning outcomes for the Masters of Health
Informatics degree are consistent and reflective of the
expected competencies for the field as outlined by the
health informatics professional organizations in Canada
and IMIA [8, 9]. More specifically, the students are ex-
pected to develop advanced competencies in the following
areas of health informatics:

1. the health sciences,

2. the information sciences,

3. the management sciences,

4. research.

For double degree students (i.e. health informatics
component) the focus could be on one of a number of
areas of practice in health informatics (see Table 3 sec-
tions - health science, information science and manage-
ment science competencies in health informatics). Table 3
provides learning goals and the courses/Coops/thesis that
support students achieving the expected health informa-
tics outcomes.

5 Current Status and Experiences
to Date

Developed over a two year period (i.e. 2008-2009),
the Masters of Nursing and Health Informatics Program
received approval from the British Columbia Ministry of
Education in 2010. The program’s first intake was in the
Fall of that year. The initial pilot intake consisted of five
students. In the Fall of 2011, nine more students were ad-
mitted to the program for a current total of 14 students.
In the Fall of 2011, the Schools received approximately 30
applications to the double degree program.

The program is growing rapidly and is of interest to
nurses pursuing graduate studies. The program has at-
tracted nurses from across Canada who have an inter-
est in pursuing graduate studies in both nursing and
health informatics. The double degree students have
integrated well with traditional nursing graduate stu-
dents (when taking graduate level nursing courses) and
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Table 2: Nursing Learning Goals and Courses.

Learning Goal Course
Advanced knowledge NURS 506 Philosophical Knowledge & A.P. Nursing

NURS 507 Theoretical Knowledge & A.P. Nursing
Critical reflection in practice NURS 506 Philosophical Knowledge & A.P. Nursing

Nursing Coop
Vision of advanced nursing practice NURS 507 Theoretical Knowledge & A.P. Nursing
Leadership and direct care Nursing Coop
Knowledge development NURS 508 Methodological Knowledge & Advanced Practice Nursing

Thesis
"Best practices" NURS 508 Methodological Knowledge & Advanced Practice Nursing

NURS 565 Nursing Issues
Negotiate/ manage change Nursing Coop

NURS 565 Nursing Issues

Table 3: Health Informatics Learning Goals and Courses.

Learning Goal Course
An general overview of the field. HINF 572: Health Informatics: An Overview
Advanced competencies in Health Sciences HINF 511: Clinical Decision Support Systems

HINF 551: Electronic Health Record
Thesis
HINF Coops

Advanced competencies in Information Sci-
ences

HINF 550: Health Information Systems Design

HINF 591: Database Design
HINF 551: Electronic Health Record
HINF 561: Project Management
HINF 575: Human Factors in Healthcare
HINF 591: Ethical and Legal Aspects of Health Informatics
Thesis
HINF Coops

Advanced competencies in Management Sci-
ences

HINF 561: Project Management

HINF 560: Health Care Quality Improvement
HINF 510: Information Management and Technology
HINF 562: Procurement in Health Informatics
HINF 591: Ethical and Legal Aspects of Health Informatics
Thesis
HINF Coops

Advanced competencies in Health Informa-
tics Research

HINF 503: Research Methods in Health Informatics

HINF 573: Applied Biostatistics
Thesis
HINF Coops

health informatics students (who have undergraduate
backgrounds in health informatics, computer science, en-
gineering, medicine, other allied health disciplines and
health services management).

Graduate student supervision follows existing policies
within two Schools. Students are currently deciding upon
potential thesis topics at the intersection of both disci-
plines and identifying potential supervisors from nursing

and health informatics (i.e. as one faculty from each pro-
gram is expected to co-supervise each student).

Many employers who have hired health informatics un-
dergraduate and graduate students for cooperative learn-
ing or experiential learning work opportunities have ex-
pressed a desire to not only hire undergraduate and gra-
duate students, but double degree students. Some em-
ployers expressed a specific interest in hiring individuals
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who have both nursing and health informatics competen-
cies at the graduate level – cooperative education pro-
viding them with a opportunities to hire such individuals
while they are still undertaking their studies. A num-
ber of employers identified a significant need for nurses
who have competencies in both these areas (i.e. nursing
and health informatics). Several employers (e.g. regional
health authorities) rapidly identified positions in their or-
ganizations where there is a need for such individuals with
such a unique set of abilities upon learning about the pro-
gram. These positions have roles and responsibilities that
are typical of job descriptions where health informatics
professionals were asked to act as clinical analysts, clini-
cal informatics specialists, nursing informatics specialists,
research analysts, trainers and clinical informatics coordi-
nators as outlined by the health informatics professional
organization in Canada [34].

During cooperative learning experiences, students
have identified they have encountered a general lack of
understanding of the dual role of nurse-health informatics
professional. Students have also reported that neither the
information management nor the information technology
staff understand that a student can have both skill sets
at the graduate level (i.e. in nursing and health informa-
tics). Although this was an initial educational challenge
for students, once employers learned of and recognized
students skills, they moved students into liaison roles be-
tween clinical and health informatics departments, and
between system developers, implementers of information
and communication technologies and end-users. Future
work for faculty will include developing strategies to ease
the transition for double degree students and employers
(e.g. providing additional information about student’s
backgrounds and training/resources for employers to learn
more about double degree student nursing and health
informatics knowledge and skills).

A formal evaluation of the program is currently in the
planning stages. Each of the Schools has continued with
their existing program assessment plans as mandated by
the University. An evaluation committee of faculty rep-
resenting both programs has been formed to assess the
combined evaluative data and to track alumni progress in
the field after graduation.

6 Discussion

In summary, a partnership between the Schools of
Nursing and Health Information Science at the Univer-
sity of Victoria, Victoria, British Columbia has led to the
design and development of a new double degree program
leading to a Masters in Nursing and Health Informatics.
The three year distance education program relies on inter-
leaving classroom learning and cooperative education or
experiential learning experiences involving work on real-
world HIS projects to solidify learning at the intersection
of these two fields. There has been a significant and en-
thusiastic response to the launch of this program that

links classroom to experiential learning by Baccalaureate
prepared nurses who are interested in careers in nursing
informatics and employers who are seeking out individu-
als with expertise in advanced practice nursing and health
informatics.

Although challenges have been encountered in aspects
related to initial course coordination, placement and in-
tegration of students in required cooperative work expe-
riences, the program is now well underway. Furthermore,
we are expecting increases in enrollments as the program
continues into the future. We are continuing to obtain
feedback from students, faculty and employers (through
our cooperative education program) in order to fine-tune
and iteratively update the program to address student
learning needs and health and human resource issues in
Canada.

Masters of Nursing programs do exist throughout
Canada and are offered internationally. Furthermore,
there are a variety of Biomedical and Health Informa-
tics educational programs offered internationally. How-
ever, publications describing the design and implementa-
tion of a double degree program in nursing and health
informatics have not been previously reported in the peer
reviewed literature. To the best of our knowledge the
double degree program in nursing and health informatics
is the first of its kind, with the objective of combining
the full competencies and strengths from two disciplines
- nursing and health informatics. Furthermore, through
integrating competencies from both nursing and health
informatics, the double degree program is the first degree
program to offer nurses both nursing and health informa-
tics training at the graduate level in Canada.
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Abstract

Adoption of SNOMED CT has not been as quick and easy
as many people had hoped or expected. One reason is lack
of education and hence understanding of what SNOMED
CT does and how it works. We set out to answer the ques-
tion "who needs to know what?" about SNOMED CT to
help establish priorities for UK higher education. We de-
vised an online questionnaire and obtained 177 responses,
51% health IT professionals, 42% clinicians. The sample
was self-selecting of those with knowledge of SNOMED
CT. The level of reported competence was greater among
health IT professionals (33% rated themselves as compe-
tent) than among clinicians (5% rated themselves as com-

petent) 92% of those who felt competent had received 3
or more days of training in SNOMED CT. This indicates
the need for formal training in SNOMED CT. Most respon-
dents indicated that health IT professionals ought to have
a high level of competence in SNOMED CT, such that they
are able to explain most if not all aspects of SNOMED CT
to others. On the other hand, clinicians only require a fairly
basic understanding.
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1 Introduction

SNOMED CT is an acronym for Systematised Nomen-
clature of Medicine Clinical Terms. SNOMED CT is
owned and managed by the International Health Termi-
nology Standards Development Organisation (IHTSDO),
based in Copenhagen, and is funded by direct contribu-
tions from governments. In 2011 these include: Australia,
Canada, Cyprus, Denmark, Estonia, Lithuania, New
Zealand, Singapore, Slovak Republic, Slovenia, Spain,
Sweden, The Netherlands, United Kingdom and United
States.

SNOMED CT has been given a central role as a core
component of information technology strategy in many
leading countries. For example, SNOMED CT is one of
the coding schemes mandated in the US government’s in-
centive program for meaningful use of electronic health
records [1]. In the UK, the Department of Health has
confirmed that it intends for SNOMED CT to be the sole
supported terminology from 1st April 2015 [2].

Given its importance, it is reasonable to expect a high
level of knowledge and understanding of it within the

health informatics community. However, anecdotal evi-
dence suggests that this is not the case.

Formally, SNOMED CT is a logic-based representa-
tion of meanings, organised in a directed acyclic graph.
However, most people who use SNOMED CT do not un-
derstand the previous sentence, which demonstrates the
problem.

We report a survey, which was designed to clarify two
questions: how much do interested clinicians and health
IT professionals already know about SNOMED CT, and
who needs to know what.

SNOMED CT is a large, comprehensive, multilingual
clinical terminology for use in computer systems. It
comprises over 291,000 active clinical concepts, 758,000
English descriptions and 923,000 defining relationships
(IHTSDO, 2010). By comparison, the main part of the In-
ternational Classification of Diseases (ICD-10) has 10,760
items (excluding external causes). The sheer scale of
SNOMED CT is one of the major challenges in using it.

SNOMED CT was developed by the College of Ame-
rican Pathology by merging its own SNOMED RT (Refer-
ence Terminology) with the NHS Clinical Terms Version 3
(CTV3), also known as the Read Codes Version 3. This
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work began in 1999 and the first release was on 31 January
2002.

The primary reason for developing SNOMED CT was
the recognition that previous coding schemes, based on hi-
erarchical taxonomic principles (tree-structures) were not
‘fit-for-purpose’. Problems arising from older terminolo-
gies escalate over the years and it can be surprisingly hard
to migrate from one version to another. The designers
of SNOMED CT sought to address these problems and
meet twelve specific requirements of a health terminology,
which were summarised by Cimino [3].

1. Concept orientation: The idea of a concept with
a single clinical meaning is the central tenet. Each
concept has a single code or identifier and may be
described using several human-readable terms which
have the same meaning (synonyms) in one or more
languages.

2. Content: Clinical terminologies need to be compre-
hensive in the breadth of the concepts included and
the terms used to describe them and in the level of
detail used. They require a robust means to incor-
porate changes (additions and deletions) and trans-
lation into other languages.

3. Concept permanence: Once a concept has been
created it is persistent. It never disappears or
changes its meaning.

4. Non-semantic identifiers: Semantic information
is an attribute of a concept, not part of the identifier
or code.

5. Polyhierarchy: Clinical concepts are naturally
multi dimensional and can have multiple parents.

6. Formal definitions: Concepts in SNOMED CT
are defined using a formal language expressing ex-
plicit computable relationships with other concepts.

7. Rejection of NEC terms: Catch-all categories
such as "not elsewhere classified (NEC)" and "not
otherwise specified (NOS)" are not used. This is
because the meaning of an NEC class changes if a
new category is added which includes some of its
meaning.

8. Multiple granularity: Different types of user
(clinicians, managers, policy makers) typically need
different levels of information granularity.

9. Multiple consistent views: The coding scheme
is viewable in different but consistent ways, so each
user need only see what is relevant to them.

10. Context representation: Context (such as who
made a statement, when and where) is an impor-
tant aspect of medical data.

11. Graceful evolution: Terminologies need to change
as knowledge develops, so the system evolves in a
way that legacy data is preserved.

12. Recognition of redundancy: As systems change,
concepts become redundant, but are not entirely
deleted.

SNOMED CT is architecturally a substantial step for-
ward over all previous systems with comparable scope. Its
underlying structure means that changes can be incorpo-
rated relatively easily as the system evolves.

2 Scope of study

The need for more education and training in SNOMED
CT is widely recognised, but many educators are unsure
about what health IT professionals and clinical users of
IT systems need to know. Little is known about the
health informatics community’s current level of know-
ledge, their expectations and perceived learning needs
about SNOMED CT.

We set out to illuminate these questions, focusing on
two broad groups – health IT professionals and clinical
end users, mainly but not exclusively on the UK.

3 Method

We used an on-line survey tool, which permitted a mix
of response types and an opportunity to test broad con-
cept recognition patterns and elicit free ideas.

We used our own knowledge of SNOMED CT to make
list a range of topics that could be relevant or interesting
to the two broad survey groups of clinicians and health
IT professionals. We only asked questions that we were
genuinely interested to know how people would answer.
The questions were worded in a way that we could not
confidently predict the answer. The questionnaire was
developed in a number of interactive sessions between the
two authors; the beta version was piloted on ten subjects
with varying knowledge of SNOMED CT.

The final version of the questionnaire was deployed
using the Survey Monkey on-line questionnaire system,
which also provides useful analysis facilities. We sent a
single email invitation to several hundred people in the
health informatics communities in the UK and interna-
tionally, including past attendees at SNOMED and HL7
conferences and training courses in the UK, to members
of the BCS Primary Healthcare Specialist Group and the
NHS Clinical Leaders network. The invitation directed
recipients to the survey site. No reminders were sent.

The results were analysed primarily using the online
tools provided by Survey Monkey.

4 Results

4.1 Respondent’s Profile

177 respondents started the survey with 136 (76.8%)
completing it. 20% of responses came from outside the
UK, mainly health IT professionals.

c©2011 EuroMISE s.r.o. EJBI – Volume 7 (2011), Issue 2



en42 Conley, Benson – SNOMED CT: Who Needs to Know What?

Table 1 shows a balance between health IT profession-
als and other user roles. Respondents were able to select
more than one role.

Table 1: Principal respondent job role.
Respondent role All respondents
Health IT Professional 82 (50.9%)
Clinician 67 (41.6%)
Manager 12 (7.5%)
Other 18 (11.2%)

Respondents had a wide range of academic qualifica-
tions across different subject areas, which illustrates the
multi-disciplinary nature of health informatics. The mean
number of academic qualifications reported per respon-
dent was 1.53 (Table 2).

Table 2: Respondents’ academic qualifications.
Academic qualification All respondents
Medicine 69 (41.6%)
IT/ computing / systems science 44 (26.5%)
Health Informatics 30 (18.1%)
Other clinical (e.g. nursing) 29 (17.4%)
Other technical (e.g. engineering) 38 (22.9%)
Other academic qualifications 45 (26.9%)
Qualifications/Respondents 255/167 (1.53)

4.2 Training and Education Experience

The amount of SNOMED CT training received is
shown in Table 3. 26.9% of respondents had received 3
or more days of training, rather more than had received
less than one day (13.5%) or one or two days training
(15.2%).

This result was unexpected – we had expected a de-
crease in the numbers of respondents who had received
more training. This is probably an artefact of this re-
spondent population, which includes a high proportion of
SNOMED experts.

Almost 50% of health IT professionals had received
3 or more days training in contrast to less than 8% of
clinicians. Almost 70% of clinicians who responded had
received no formal training in SNOMED CT, in contrast
to 17% of the health IT professionals.

4.3 Competence

We found a strong relationship between respondent’s
self-reported knowledge/competence and the amount of
formal training and education (in SNOMED CT) they had
received (Table 4).

26 (17%) respondents rated themselves as competent,
in comparison with 46 (27%) who had received three or
more days training. Of those who rated themselves as

competent in SNOMED CT, 92% had received three or
more days training and education.

Unexpectedly few people feel competent on all aspects
of SNOMED CT, and an important conclusion is that
training for 3 or more days is probably needed to de-
liver a perception of competence. In this context, most
SNOMED CT training courses only take 1 or 2 days.

28% of the respondents (74% of whom were clinicians)
indicated that they knew nothing about SNOMED CT;
the large majority of these answered "Don’t Know" to
most of the other questions. SNOMED CT is not "intu-
itively obvious"; it needs to be taught.

4.4 Detailed Understanding of SNOMED
CT

We asked each respondent to say whether a series of
eight statements about SNOMED CT were true or false
or they did not know (Table 5). These statements were
chosen to cover a range of subject areas, which might be
covered in a clinical terminology course.

All of the statements are true. They are listed in order
of the number of correct answers received. The number
of "don’t know" answers provides an indicator of which
aspects of SNOMED CT are least well understood.

4.5 Knowledge Needs for Clinical Users

We asked which of these detailed aspects of SNOMED
CT do clinicians need to know about (Table 6). The state-
ments are listed in order of importance for clinicians to
understand.

Most respondents (55%) reported that clinical users
need to understand that SNOMED CT is important for
information reuse; one third, that SNOMED CT concepts
can have more than one parent in their hierarchy; others
aspects had substantially lower scores, although all re-
ceived some support.

These results support a conclusion that clinicians need
to be taught a small number of basic principles about
SNOMED CT.

4.6 Knowledge Needs for Health IT
Professionals

We asked if health IT professionals should be able to
explain each of these aspects of SNOMED CT (Table 7).
Statements are listed in order of importance for health IT
professionals to be able to explain.

The majority thought that health IT professionals
should be able to explain most of these aspects of
SNOMED CT. This is an important finding because most
higher education courses in health informatics do not cur-
rently teach clinical terminology and SNOMED at the
level that this implies.

These responses suggest that health IT professionals
should be taught quite a lot about clinical terminology
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Table 3: Amount of formal training and education in SNOMED CT.

Formal SNOMED CT Training Days Clinician Health IT Professional All respondents
None 46 (69.7%) 14 (17.1%) 76 (44.4%)
Less than one day 10 (15.2%) 9 (11.0%) 23 (13.5%)
One or two days 5 (7.6%) 19 (23.2%) 26 (15.2%)
Three or more days 5 (7.6%) 40 (48.8%) 46 (26.9%)
TOTAL 66 (100%) 82 (100%) 171 (100%)

Table 4: Respondents’ knowledge about SNOMED CT in relation to the amount of training received.

Knowledgeable about SNOMED CT All respondents 3 or more days training
Competent 26 (16.7%) 24 (92.3%)
Intermediate 33 (21.4%) 13 (39.4%)
Novice 54 (34.6%) 4 (7.4%)
Know nothing 43 (27.9%) 0 (0%)
TOTAL 156 41 (26.3%)

Table 5: Respondents’ knowledge of detailed aspects of SNOMED CT.

Aspect of SNOMED CT True Don’t Know
SNOMED CT is important for information reuse 102 (66.2%) 46 (29.9%)
SNOMED CT concepts can have more than one parent in their hierarchy 90 (58.4%) 55 (35.7%)
SNOMED CT concepts may be defined by their relationships with other con-
cepts

87 (56.5%) 62 (40.3%)

SNOMED CT is represented using either pre-coordinated concepts or post-
coordinated expressions

72 (47.1%) 75 (49.0%)

The SNOMED CT concept model constrains what relationships are allowed 63 (41.2%) 79 (51.6%)
SNOMED CT uses variable length numeric codes 60 (39.2%) 66 (43.5%)
SNOMED CT Concepts are either fully defined or are marked as primitive 54 (35.1%) 94 (61.0%)
Subsumption-testing tests if one node is a child of another 43 (27.9%) 109 (70.8%)

including Description Logic, post-coordination and sub-
sumption testing.

4.7 Why Learn SNOMED CT?

People need to be motivated to learn SNOMED CT.
So, we asked about six possible reasons to learn it (Table
8). The results are shown in order of importance.

The most widely chosen reason for learning SNOMED
CT was that it is an officially recognised standard. Go-
vernment support for SNOMED CT is clearly a key factor.

Less than one third of the respondents said that help-
ing their career was a very important reason for learning
SNOMED. These results indicate that the incentives for
individuals to learn SNOMED CT are not yet very strong.

4.8 Benefits of SNOMED CT

We asked whether SNOMED CT would be important
in standardising a number of subject areas in health in-
formatics (Table 9).

Almost two-thirds of respondents said that SNOMED
CT will be "very important" in standardising interoper-
ability (65%), data collection (65%) and clinical decision
support (62%).

This positive view of the benefits of SNOMED CT, in
contrast with the smaller number of people (30.4%) who
said that learning SNOMED CT would be very important
in helping their career, suggests that some respondents
felt that the benefits of SNOMED CT are more likely to
accrue to others, not necessarily themselves.

4.9 Barriers to Adoption

We know that the uptake of SNOMED CT has been
slow, so we listed several of the most obvious barriers to
the adoption of SNOMED CT, and asked respondents how
strongly they agreed (Table 10). The strongest response
was "I totally agree".

Our respondents rated the cost of training and edu-
cating staff in SNOMED CT to be the biggest barrier
(59.4%), followed by the inherent complexity of SNOMED

c©2011 EuroMISE s.r.o. EJBI – Volume 7 (2011), Issue 2



en44 Conley, Benson – SNOMED CT: Who Needs to Know What?

Table 6: Do clinical users of the electronic health record need to understand the following aspects of SNOMED CT?

Aspect of SNOMED CT (Clinical users) Definitely need to un-
derstand

Not at all

SNOMED CT is important for information reuse 83 (55.0%) 6 (4.0%)
SNOMED CT concepts can have more than one parent in their
hierarchy

50 (33.3%) 20 (13.3%)

SNOMED CT concepts may be defined by their relationships with
other concepts

34 (22.7%) 19 (12.7%)

SNOMED CT is represented using either pre-coordinated con-
cepts or post-coordinated expressions

25 (16.8%) 26 (17.4%)

The SNOMED CT concept model constrains what relationships
are allowed

17 (11.4%) 33 (22.1%)

SNOMED CT Concepts are either fully defined or are marked as
primitive

11 (7.4%) 36 (24.2%)

SNOMED CT uses variable length numeric codes 7 (4.7%) 63 (42.3%)
Subsumption-testing tests if one node is a child of another 6 (4.1%) 44 (29.7%)

Table 7: Should Health IT professionals (e.g. at Masters level) be able to explain the following aspects of SNOMED CT?

Aspect of SNOMED CT (Health IT Professionals) Definitely need to be
able to explain

Not at all

SNOMED CT is important for information reuse 98 (68.1%) 2 (1.4%)
SNOMED CT concepts can have more than one parent in their
hierarchy

93 (65.5%) 2 (1.4%)

SNOMED CT concepts may be defined by their relationships with
other concepts

87 (60.8%) 3 (2.1%)

SNOMED CT is represented using either pre-coordinated con-
cepts or post-coordinated expressions

82 (57.3%) 2 (1.4%)

The SNOMED CT concept model constrains what relationships
are allowed

82 (57.3%) 3 (2.1%)

SNOMED CT uses variable length numeric codes 76 (53.1%) 6 (4.2%)
SNOMED CT Concepts are either fully defined or are marked as
primitive

74 (51.7%) 3 (2.1%)

Subsumption-testing tests if one node is a child of another 68 (47.6%) 4 (2.8%)

Table 8: Reasons for learning SNOMED CT.

REASONS for learning SNOMED CT Answered "Very Important"
SNOMED CT is the official standard coding scheme for exchanging cli-
nical information in the NHS

77 (58.3%)

SNOMED CT is used internationally 76 (57.1%)
SNOMED CT is one of the cornerstones of Health Informatics 66 (50.0%)
SNOMED CT is comprehensive in a way that other coding schemes are
not

60 (46.2%)

Knowing SNOMED CT will help my career 41 (30.4%)
We are already using SNOMED CT in house 34 (26.4%)

CT (57.5%) and the lack of good training and education
materials (53.7%).

Technical issues such as post-coordination, data migra-
tion and finding the right code were also seen as significant
barriers to adoption.

This clearly demonstrates that for this sample at least,
the biggest barriers to the adoption of SNOMED CT
can only be overcome by a greatly increased emphasis on
education and training.
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Table 9: Do you think that SNOMED CT will help in standardising.

Aspects for standardising Answered "very important"
Interoperability 87 (64.9%)
Data collection 88 (64.7%)
Clinical decision support 84 (62.2%)
Analysis and research 80 (58.8%)
Retrieval and display of patient records 71 (53.0%)
Health service management 60 (44.1%)

Table 10: Barriers to the adoption of SNOMED CT.

Barriers to the adoption of SNOMED CT? I totally agree
Cost and time needed to train staff 79 (59.4%)
SNOMED CT is inherently complex 77 (57.5%)
There is a lack of good training and education materials 73 (53.7%)
Post-coordination adds another layer of complexity 64 (47.8%)
Migration of legacy codes 63 (46.7%)
It can be difficult to find the right code 54 (40.0%)
The documentation is too long and complex 47 (35.1%)
Difficult to add your own local codes 30 (22.4%)

Table 11: Actual and desired ways of learning about SNOMED CT.

How did you learn about SNOMED CT? How I learnt Best ways to learn
Pick it up from colleagues 71 (55.0%) 89 (70.6%)
Read user guides and books 69 (53.1%) 77 (62.1%)
Face-to-face tuition/presentations 65 (50.4%) 121 (92.4%)
Learning by doing (e.g. practical examples) 58 (45.7%) 125 (96.2%)
Watching video / web presentations 22 (17.5%) 91 (74.0%)

Table 12: The most important aspects of SNOMED CT for the higher education curriculum.

Important aspects of SNOMED CT for higher education curriculum High priority
Understanding how SNOMED CT works 85 (64.9%)
The strategic value of SNOMED CT 81 (62.3%)
Choosing the right code 70 (54.7%)
Use in interoperability 69 (53.5%)
The SNOMED CT concept model 67 (52.8%)
Analysis and reporting 59 (46.5%)
Mapping to / from other code systems 54 (42.2%)
Binding with information models 49 (38.9%)
Post-coordinated expressions 30 (24.0%)
Building sub-sets (ref-sets) 24 (18.8%)

4.10 Mechanisms for Learning about
SNOMED CT

We asked how respondents had learnt SNOMED CT
and how they thought people should learn (Table 11).

We found a difference between how people had learnt
for themselves – picking it up from colleagues (55%), read-
ing (53%) and face-to-face tuition (50%) – and their views

of the best way to learn – learning by doing (e.g. practical
examples) (96%), face to face tuition (92%) and watching
video / web presentations (74%), although all methods
had substantial support.

The survey confirms that people use a mix of learning
strategies and one method will not suit everyone. These
results suggest that e-learning (video/web presentations)
should be part of the solution, but is not whole.
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4.11 Curriculum Development

We asked respondents to select from a list, those items
of highest priority for curriculum development (Table 12).
The top priorities were understanding how SNOMED CT
works (65%) and the strategic value of SNOMED CT
(62%).

Fewer votes were given to more advanced topics such as
post-coordination and building sub-sets (ref-sets). How-
ever a vote of 30 respondents (24%) saying that "post-
coordinated expressions" should be "high priority" is a
significant minority view.

5 Discussion

The main conclusion of this survey is that health IT
professionals need to gain a substantially higher level of
knowledge and expertise in SNOMED CT than most have
today. There is a substantial gap between what health IT
professionals need to know about SNOMED CT and what
is taught in most universities and college courses on health
informatics. In particular, we recommend that all health
informatics professionals should learn Description Logic,
which forms the basis of the way that SNOMED CT con-
cepts are defined and post-coordinated expressions are put
together.

There is a lack of adequate educational material on
SNOMED CT which is fit for this purpose. Nine years
after SNOMED CT was first released, not one book has
yet been published that is devoted to it.

The Australian National e-Health Transition Author-
ity (NEHTA) has published on YouTube two excellent
video tutorials by Kent Spackman [4] with accompany-
ing powerpoint sets [5]. However the total length is only
about two and a half hours.

We have to educate the educators, but we lack suffi-
cient well-qualified senior lecturers to motivate and edu-
cate their peers.

It is about thirty years since Blois [6] showed that
clinical terminology is the key distinguishing feature of
health IT, being central to medical thought and uniquely
broad and deep. Clinical terminology is a core compe-
tence of health informatics. However, those who develop
curricula for health informatics have not placed adequate
emphasis on clinical terminology.

For example, the American Medical Informatics As-
sociation (AMIA) White Paper on Core Content for the
Subspecialty of Clinical Informatics published in 2009 [7]
lists clinical terminology as just one of 186 subject items.
In 2010 IMIA revised its recommendations on education
in health informatics [8], which includes references to 37
major publications on health informatics competencies.
The new IMIA recommendations say "particular empha-
sis should be given to information literacy, health termi-
nology, coding and classification systems, the electronic

health record, and evaluation methodology", but only
one item (1.17 Nomenclatures, vocabularies, terminolo-
gies, ontologies and taxonomies in BMHI) out of 48 listed
knowledge/skill domains is explicitly devoted to clinical
terminology.

Clinicians need a basic understanding of clinical ter-
minology and SNOMED CT in particular but this need
not include the technical details.

Access to SNOMED CT needs to be made easier. The
whole of SNOMED CT should be made transparently ac-
cessible for inspection and review on the Internet. There
are several adequate web-based browsers, but none sup-
port all of the facilities of SNOMED CT and each would
benefit from further investment to make them more suit-
able as an educational resource.

Cooke [9] has suggested the following hierarchy of need
to know:

• System designers and architects need to know
everything!

• System configuration staff, information analysts and
support staff need to understand the technical archi-
tecture and subsets/refsets.

• Trainers need to understand how searches work, but
do not need to understand SNOMED CT structure.

• Clinicians need to know how to do searches, but no
technical details of SNOMED CT.

This hierarchy is confirmed by this survey. Most re-
spondents indicated that health IT professionals should
have a high level of competence in SNOMED CT, such
that they are able to explain most if not all aspects of
SNOMED CT to others. On the other hand, clinicians
only require a fairly basic understanding of clinical ter-
minology. This survey is complementary to other sur-
veys which focus on the completeness, accuracy and use
of SNOMED CT itself [10].

Cornet and de Keizer analysed some 250 papers pub-
lished between 1966 and 2006 related to the use of
SNOMED in all its forms [11]. The two largest groups
of papers concerned (1) comparisons of SNOMED with
other terminologies and (2) those in which a theory such
as automated coding, natural language processing or de-
scription logic is illustrated using SNOMED as an exem-
plar. They found little in the literature about the use
of SNOMED in clinical practice. Educational challenges
were not mentioned.

This study is necessarily limited to the respondents
who chose to reply, and the responses were biased towards
people who were already knowledgeable about SNOMED
CT.
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Abstract

There is growing consensus that future health professionals
need specific learning activities in their entry level training
that build their clinical informatics competency. This study
aims to give insights into how clinical informatics education
has worked in the past, and to suggest future directions for
delivering ongoing curriculum reform in this important as-
pect of health professional education. The literature of
the past decade on implementation and evaluation of cli-
nical informatics education for future health professionals
was reviewed, including accounts from medicine, nursing,
dentistry, allied health, complementary therapies and inter-
professional education. Selected papers were analysed for
information about the intended competencies or learning
outcomes; the content covered; the relationship of the

curriculum to standards and accreditation; the teaching
methods and modes of delivery; assessment of student
learning; and evaluation of educational quality. It appears
that the literature needs to give further attention to the
pedagogy of clinical informatics education, starting from
what is considered educational good practice in other ar-
eas of knowledge and skill in the health professions. A
clear rationale for teaching clinical informatics and a de-
tailed list of desired competencies are an important start
but do not, on their own, explain how to achieve effective
learning experiences or intended educational outcomes.
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1 Background

Information and communication technologies (ICTs)
are an increasingly influential part of the working environ-
ment and work practices of all clinical health professionals,
in medicine, nursing, dentistry, allied health and com-
plementary therapies. Over the past decade this change
has been driven by the universal move towards electronic
health record systems (EHRs) for patients as well as
widening availability of sophisticated tools and technolo-
gies for clinical decision support and the rise of online in-
formation accessible to patients and consumers of health
services. A key factor in ICT uptake within the health
sector is the adoption of system-wide government-led ap-
proaches to healthcare reform that focus on ’health infor-
mation technology’ (e.g. US Office of the National Coor-

dinator for Health Information Technology), ’national IT
infrastructure’ (e.g. UK National Health Service Connect-
ing for Health), and ’national eHealth strategy’ (e.g. Aus-
tralian National eHealth Transition Authority). The gen-
erality and comprehensive nature of these approaches sug-
gest the need for new initiatives in entry-level education,
training, learning and development in the health profes-
sions, according to Liaw and Gray [1].

"Clinical informatics", as this component of health
professional knowledge and skills is known, is far more
than just training in how to use technological tools. Ela-
borating on Hersh [2] we define clinical informatics to
mean the application of health and biomedical informa-
tics within clinical professional practice (i.e. in those
professions which involve observing and treating patients
directly). While it is possible in some clinical profes-
sions to gain advanced qualifications leading to a sub-
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Table 1: Medicine.

Medicine (UK) Preparing tomorrow’s doctors: The impact of a special study module in medical
informatics [15]

Learners / learning need Elective course for first-year medical students
Doctors need to be equipped with the attitude and tools to deal with and exploit
advances in computing and the Internet.

Competencies / outcomes Appropriate knowledge, skills and attitudes to ICT
To access information from databases
About information flows and information systems

Content Managing data and information
Knowledge engineering and decision support
Communication and the Internet
Data security and confidentiality
Evaluating software and systems
Using PowerPoint for presentations
Searching online information sources and databases

Standards / accreditation Benchmarked against UK, US and Australian report and journal literature on
medical IT literacy.

Teaching methods / mode Taught in second semester of first year, in 3 two-hour sessions per week for 12
weeks, including lectures, hands-on computer work, and field trips to see clinical
computing systems in situ.

Assessment Individuals used online resources to research a medical topic, then shared findings
and comments online with peers.
Groups wrote reports about a working clinical system and a patient survey and
presented findings in class.

Evaluation Students were surveyed before and after the course: its impact on their IT skills
was not significant, but student feedback was consistently positive in all areas.

Related cases [16]

specialisation as a clinical informatician, our focus in this
paper is on future clinicians. The related curriculum needs
to build capability or competency, that is, the more inte-
grated, resilient form of knowledge, skill and attitude ex-
pected of a graduate professional, as defined by Govaerts
[3]:

Competency is the (individual) ability to make deli-
berate choices from a repertoire of behaviours for han-
dling situations and tasks in specific contexts of profes-
sional practice, by using and integrating knowledge, skills,
judgement, attitudes and personal values, in accordance
with professional role and responsibilities. Competency is
to be inferred from task behaviour, outcomes and the jus-
tification of choices that have been made, as well as from
reflection on performance and performance effects.

There is growing consensus that future health
professionals need to be exposed to specific learning activ-
ities in their entry level training that build their clinical
informatics competency, for example Smith and colleagues
[4]. Some peak bodies in the health professions have recog-
nised the need for such education and some of these bodies
have specified the relevant types of knowledge and skills
that health professionals ought to have. Two Australian
examples are nursing [5] and general practice [6] Interna-
tionally, some health professions are still at early stages
in this work, for example dentistry [7] and social work [8].

It is clear, however, that progress towards identifying core
levels and amounts of ehealth curricula has been slow and
fragmented.

The peer-reviewed literature of clinical informatics
education offers a variety of recommendations on what
to teach to students who are qualifying in a health pro-
fession, and why to teach it. However, there is a paucity
of literature that goes beyond learning needs, competency
specifications and content outlines. It would be most help-
ful to curriculum designers and educators to be informed
by literature that elaborates on what is involved in mak-
ing such education a reality and on the experience of staff
and students who participate in it. This gap in the li-
terature has been identified by Van Veen and colleagues
as an issue for informatics broadly [9].

The literature of health professional education recog-
nises that curriculum is both an entity and a process. As
an entity it comprises not only the expected competen-
cies and roles; but also the learners at the centre of the
enterprise; assessment linking competencies and learners;
the conditions and resources for learning; and the social,
political and cultural context in which the learning oc-
curs. As a process it comprises design, implementation,
evaluation and renewal [10].

Given this more extensive view of curriculum, clinical
informatics education initiatives need to be able to refer to
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Table 2: Nursing.

Nursing (USA) Effect of an informatics for evidence-based practice curriculum on nursing informa-
tics competencies [17]

Learners / learning need Non-nurses with a Bachelor’s degree, enrolled in a 3-year program leading to a
Master’s degree and professional practice as advanced practice nurses.
Informatics competence is a prerequisite for professionals to optimally use infor-
mation technology to promote patient safety and to enable evidence-base practice.

Competencies / outcomes (2003 iteration)
Analyse clinical case studies using diagnostic decision support tools
Critically analyse a clinical decision rule for validity and utility in nursing practice
Assess the strengths and weaknesses of selected decision support programs for
application in nursing practice
Create, solve and interpret a simple decision tree using software that supports
expected value decision making methods
Apply clinical and theoretical expertise to the review of interactive health com-
munication resources
Critically analyse web-based health content for literacy level and accuracy of in-
formation for clinical populations
Select appropriate materials for a target population’s health information and
education needs related to a specific topic
Develop a user-friendly health information and education web page on a chosen
topic

Content Decision-making and decision support
Web-based health information for consumers

Standards / accreditation Benchmarked against US report and journal literature on nursing informatics com-
petencies.

Teaching methods / mode (2003 iteration)
Two year-long 1-credit informatics intensives, with didactic and laboratory classes
PDA based clinical log using Home Health Care Classification terminology
Mainstreaming of some competencies into core or specialty curriculum

Assessment Students used their PDA to document a standard set of data elements related to
patient demographics, medical and nursing diagnoses and nursing interventions,
and to access evidence-based practice resources, and synchronized their data to a
central repository every two weeks.
Students critically evaluated health education sites on the Internet.

Evaluation Student learning was evaluated using in-class pre-and post-tests of self-reported
competency in documentation, decision support, data, privacy/security and
evidence-based practice. Results were mixed, and it appears that educational
strategies were not closely enough integrated with tested competencies to show
substantial positive effects.

Related cases [18, 19, 20, 21]

rich descriptions and critical discussions of teaching and
learning strategies and methods; of the alignment of as-
sessment with objectives and standards; of approaches to
quality management and continuous improvement. Initia-
tives to address the need for clinical informatics education
among future health professionals should thus aspire to
be scholarly, that is "work upon which other scholars can
build and equally important that other scholars can re-
view, assess and critique [11]". It should be evidence-
based - for example, Patel and colleagues [12] offers an
example of applying empirical findings from the learning
sciences to the development of curricula. It should be
modelled on good practice; for example, Kaufman [13] of-

fers "seven principles to guide teaching practice", namely
that learners should have opportunities to: be active con-
tributors; work on real life problems; proceed from their
current knowledge; use self direction; practice and get
feedback; reflect on their practice; and learn from role
models.

Therefore, this study uses ideas underpinning these as-
pirations and fundamental to an entity and process view
of curriculum as the basis for a selective review of the
literature on implementation and evaluation of clinical
informatics education for future health professionals. This
study aims to give insights into how clinical informatics
education has been approached in the past, and it aims
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Table 3: Dentistry.

Dentistry (USA) Development of an interdisciplinary course in information resources and evidence-
based dentistry [22]

Learners / learning need Required course for first-year dental students
Dentists must be knowledgeable about and keep up with the latest developments
to make informed choices to improve patient care.

Competencies / outcomes Students would be able to:
Use critical thinking and problem solving related to comprehensive care of patients
Use information technology resources in contemporary dental practice

Content Evidence-based dentistry
Information databases and search strategies
Structure and evaluation of scientific information
Dental Informatics

Standards / accreditation The degree accrediting body required that graduates have expertise in information
management and critical thinking.

Teaching methods / mode The course ran in the first half of the first semester. It consisted of 5 lectures, 1
hour of practical training on database searching and 1 hour of class discussion on
clinical search topics chosen by the students.

Assessment Students had to complete two online questionnaires, email the results of their
search completed in the practical session to the librarian, and do an individual
written assignment that evaluated one of the resources that was used to get an
answer to the clinical question.
In the final session, students had to work in small groups and discuss their indi-
vidual assignment. They then presented it to the class as a whole.

Evaluation Students completed an online evaluation at the end of the course: feedback was
positive overall.

Related cases [23]

to distil lessons and suggest future directions for deliver-
ing ongoing curriculum reform in this important aspect of
health professional education.

2 Methods

This study adapted from Bordage and Harris [10] a set
of key themes that could be used to systematically review
the literature on implementation and evaluation of clinical
informatics education for future health professionals:

• learners and their need to learn clinical informatics;

• the intended competencies or learning outcomes;

• the content covered;

• the relationship of the curriculum to standards and
accreditation;

• the teaching methods and modes of delivery;

• assessment of student learning;

• evaluation of educational quality.

For the purpose of this review, relevance was defined
as peer-reviewed journal and conference literature pub-
lished in English, between the years 2000-2011, and cover-
ing university teaching of (bio-)medical / clinical / health

informatics to future clinicians. We used the Australian
Standard Classification of Occupations in medicine, nurs-
ing and miscellaneous health professions as our starting
point for ensuring wide coverage of the clinical profes-
sions. Papers identified during our search which we subse-
quently excluded were those focussing on continuing pro-
fessional development for qualified health professionals, or
on informatics for advanced clinical specialties (such as
psychiatry, oncology nursing, etc.) or on health informa-
tics as a specialist degree in its own right.

A limitation of this method is that it did not include
non-peer-reviewed literature. There is significant report
literature by reputable agencies that should not be over-
looked by those interested in this aspect of health profes-
sional education. However this literature tends to make
recommendations and provide high-level reviews of acti-
vity, rather than to give details of actual educational im-
plementation or evaluation, and so does not fit the aims
of this study.

A five-step methodology was used to select the papers
included in this review of implementation and evaluation
cases.

Step 1: Google Scholar was used as a starting point to
rapidly and easily scope the volume and characte-
ristics of the literature, a widely used and recognised
technique [14]. The search terms used are in Ap-
pendix A. Selection of papers to retrieve in full-text
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Table 4: Allied health.

Allied health (USA) Library- sponsored instruction improves core informatics competencies among al-
lied health students [24]

Learners / learning need Required course for first-year students in occupational, physical and respiratory
therapy
Health care professionals must contend with the growth of biomedical knowledge
and advances in information technology and exercise sophisticated information
management skills in clinical education.

Competencies / outcomes Appraise and evaluate the quality of information
Appreciate ethical, legal, and socioeconomic aspects of information and its tech-
nologies
Develop an appreciate for information literacy and lifelong learning
Exercise best practices for integrating information into clinical decision making
Organize and communicate information effectively
Recognize the need for information
Understand how to access information from appropriate sources

Content Information searching on MEDLINE, CINAHL, PubMed, Web of Science, and
using text book and journal resources
Evidence based practice and tools – using the ‘PICO’ model to form clinical ques-
tions to search databases, appraising the information based on the quality of the
information and judging the applicability of the article to a clinical scenario
Presentation tools such as MS PowerPoint, MS Publisher and Adobe Photoshop
Use of statistical analysis and data management tools such as MS Excel and SPSS
Relational databases– normalization, table and query formation, relationship de-
sign, MS Access

Standards / accreditation Benchmarked against the University Library’s information literacy competencies.
Accreditation of occupational, physical and respiratory therapy degree programs
by their professional associations required inclusion of informatics training in the
curriculum.

Teaching methods / mode Taught as a combination of lectures and labs, 3 hours per week over 7 weeks.
Separate classes for students in each allied health degree.

Assessment Group and individual assignments and group presentations of research.
Evaluation Pre-test / post-test / post-test and self assessment instruments were used to mea-

sure whether the course objectives had been achieved: instruction had a positive
effect on student learning, confidence and satisfaction.

Related cases [25, 26]

was based on the title of the article and the abstract.
An indicative corpus of literature (comprising about
30 papers) was found in this way.

Step 2: Next, databases related to the medical field and
education fields (MEDLINE, ERIC, CINAHL, Sco-
pus andWeb of Science) were searched. MeSH terms
in Appendix B were used to search these databases.
This step retrieved approximately 100 additional pa-
pers.

Step 3: The reference list at the end of every paper iden-
tified in step 1 and step 2 was checked to find further
papers. Those that were deemed relevant on the ba-
sis of title were sourced in full-text. By this stage
around 200 papers had been retrieved.

Step 4: Each paper was read by two researchers at doc-
toral level with information science and informa-
tion systems expertise, and categorised according to

the clinical health profession on which it focused.
Within each profession, each paper was further ana-
lysed according to the key curriculum themes. Some
of these papers were excluded, once reviewed, be-
cause they did not address the majority of these
themes, for instance if they predominantly reported
on curriculum proposals, teaching tool trials, or the
general state of student and staff attitudes and skills.
A shortlist of fewer than 20 papers resulted.

Step 5: From these papers we selected six papers to sum-
marise. The selection of these six papers from the
shortlist at step 4 was reviewed by two additional
researchers at professorial level with health informa-
tics and health sciences expertise. We sought to
present a selection that gave a balance of profes-
sions and of approaches over the decade, particu-
larly for an audience of health profession educators
who may not have considered this area of curriculum
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Table 5: Complementary medicine.

Complementary
medicine (USA)

The introduction of a medical informatics course into a medical school curriculum
[27]

Learners / learning need Required course for first year osteopathy students
How to access and evaluate information that is required to resolve a clinical situ-
ation needs to be taught at a university level rather than clinicians entering the
workplace and then learning the skills.

Competencies / outcomes Answer basic questions about information, information systems and the role of
information literacy and informatics in health care
Design and deliver an informed presentation of a clinical case
Develop effective search strategies and apply them to selected databases
Evaluate and synthesise information retrieved in a search
Recognise the need for case-specific information and articulate a well-formed ques-
tion

Content Classification of information and where it is located.
How to verify the quality, accuracy of the information
Presenting information to different audiences and using PowerPoint

Standards / accreditation Course design was benchmarked against US medical schools.
Teaching methods / mode 1-year, for-credit course.

The first 9 contact hours consisted of 3 lectures.
Assessment A Student Grand Rounds presentation was the major assessment. Students worked

in groups of 9 on a case allocated to them depending on the physiological system
that they were studying at the time. They had to research the case, write a report
and present it to hospital faculty and students.
There were also quizzes in the lectures, two reflective pieces of writing about re-
search, and self- and peer evaluation.
The course was graded Pass or Fail.

Evaluation Analysis of student self- and peer evaluation
Course team of librarians, clinical teaching staff and lab researchers met regularly.

Related cases [None found]

previously. This offers a starting point for reflect-
ing on how educational implementation and evalua-
tion may best be done in one’s own distinctive dis-
ciplinary and organisational context. We recognise
that none of these papers can tell the full story about
any instance of clinical informatics education. Fur-
ther, we do not intend to appear to recommend the
approaches described at the expense of those we left
out, and have therefore included citations for all ad-
ditional papers on our shortlist, each one associated
with the professionally related case we summarised.

3 Findings and Discussion

The findings presented here give an overview of di-
verse approaches during the past decade to informatics
education for future clinicians across the health profes-
sions internationally:

• Medicine (Table 1).

• Nursing (Table 2).

• Dentistry (Table 3).

• Allied Health (Table 4).

• Complementary Medicine (Table 5).

• Interprofessional (Table 6).

We found very few accounts of the implementation or
evaluation of clinical informatics education in most health
professions. In reality, there may be a great deal of unre-
ported reflective and scholarly practice in this field, which
educators should be encouraged to share via conferences
and journals. At present nursing cases are the most abun-
dant source of implementation and evaluation ideas in
the literature, which may serve as useful models for other
health professions.

Across the health professions, the general aims and
outcomes of these programs of study are not radically dif-
ferent from one to another. In educational settings where
future clinicians are enrolled and trained for more than
one profession, there are obvious logistical arguments for
sharing elements of clinical informatics education among
health professions. Our comparison of curriculum aims
and outcomes, combined with the evidence from the in-
terprofessional cases themselves, suggests that there are
pedagogical reasons for interprofessional learning as well.
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Table 6: Interprofessional.

Interprofessional (USA) An interdisciplinary online course in health care informatics [28]
Learners / learning need Elective course for third-year pharmacy students plus students from public health,

nursing, and Information and library science at a similar stage in their degree
Innovations in technology mean that health care providers have to become profi-
cient at appropriately using technology to deliver high quality health care services.

Competencies / outcomes Appreciate the perspectives and roles of patients and providers when using tech-
nology in care
Make decisions about the value and ethical applications of specific technologies
Understand how to incorporate technology into the provision of safe, effective and
evidence-based health care

Content Clinical decision support systems and patient safety
Consumer health
Electronic health records and computerised order entry
Health care terminologies and coding
Information management and evaluation
Patient care management and monitoring
Public health informatics
Security, privacy and ethics
Telehealth

Standards / accreditation Benchmarked using a workshop of practicing pharmacists, a literature review and
curriculum committee review

Teaching methods / mode Initial orientation meeting, then taught online via a 20 minute lecture each week
provided as PowerPoint slides with voiceovers and ancillary learning resources, in
a Blackboard learning management system.
Students had to complete weekly activities, then do a feedback exercise before
moving onto the next set of slides.

Assessment Self-assessment quizzes and weekly activities.
Each student did an informatics project of their choice and presented it, using
voice-annotated PowerPoint slides accessible via the Blackboard page, for peer
and instructor review.

Evaluation Online survey about each week’s module and comprehensive online survey at the
end of the course: generally positive.
Analysis of student work: consistently met or exceeded the course expectations.
Substantial increase in enrolments the following year.

Related cases [29, 30]

A number of relevant cases we found used the language
and standards of information literacy and / or evidence-
based medicine to describe an essentially informatics-
oriented unit of study. The use of "ehealth" to describe
this area of education is also growing, for example [31]. It
is interesting to note that interdisciplinary teaching teams
are often involved, which may include clinical educators,
biomedical scientists, biomedical librarians and, perhaps
not often enough, expert health informaticians.

The recommendations of the International Medical
Informatics Association for 19 essential elements of core
biomedical and health informatics knowledge and 14 of
informatics / computer science [32] were available in their
first iteration during the period these cases represent. It
is clear, and concerning, that these recommendations do
not seem to have been be very influential in the formu-
lation of desired competencies and course content in the
cases we reviewed. Future curriculum development needs

to close the gap between the particular health profession,
and the profession and discipline of health informatics.

Choice of compulsory or elective study for the clinical
informatics curriculum is a notable point of difference
across these cases. Explicit requirements by an external
accrediting body are not always in evidence. Failing these,
strong academic leadership within the educational insti-
tution is essential to address students’ perceived learning
needs by making provision for all future clinicians to be
educated sufficiently in informatics.

A related decision is when in a multi-year degree pro-
gram to introduce informatics and how much emphasis to
give to this content, with options ranging from a short,
sharp first-semester-of-first-year learning experience to a
later-year or capstone experience. The teaching, learn-
ing and assessment methods may be as important as the
timing in influencing the way that future clinicians are
able to consolidate and extend their initial development of
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informatics knowledge, skills and attitudes. The option of
integrating the content into many subjects in every year of
the degree is infrequently described, and the nursing case
we summarised suggests that this is more challenging to
achieve than a stand-alone subject, but potentially more
effective too.

There is scope for creativity in selecting methods and
modes of instruction; lectures and computer lab sessions
can be supplemented by field studies and field work with a
strong applied focus. The possibilities for using elearning,
simulations and personal or mobile technologies do not
appear to be fully exploited in most cases. We note that
innovations of this kind are sometimes reported in the li-
terature in a way that is rather decontextualised from the
pedagogical themes on which this paper focuses.

The alignment between intended learning outcomes
and methods used to assess student learning is not very
fully described in many case reports. The ability to de-
velop competence to practice underlies many of the needs
analyses, and yet the design and conduct of assessment
to demonstrate such competence is relatively underdevel-
oped, with no apparent use of externally validated instru-
ments or processes. This is an area where clinical informa-
tics education needs to heed what is considered good prac-
tice in other areas of clinical knowledge and skill.

4 Conclusion

Many of the papers we sighted were focused strongly
on the rationale or argument for teaching clinical informa-
tics. This is an indicator the long and complex journey
toward recognition of informatics generally as a core com-
petency for future health professionals. In the current
international climate of system-wide implementation of
ehealth, it is timely to take the theory and the practice
of clinical informatics education to a more sophisticated
level in a scholarly and supportive community of practice
within and across the health professions. Areas of cur-
rent research interest across the tertiary education sector
– such as e-assessment, globalisation, learning analytics,
research-infused teaching, service learning, using social
media for learning, sustainability and threshold concepts,
to name a few – may offer worthwhile starting points
for further pedagogical inquiry into clinical informatics
education.
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Abstract

Objectives: The purpose of this paper is to describe the
medical informatics program and training at the University
of Zagreb, School of Medicine (Croatia).
Methods: We reviewed the medical informatics program,
training and research for medical students at the integrated
pre-graduate and graduate level, as well as at the postgra-
duate education and research level.
Results: We present three approaches to teaching and
training medical students in medical informatics at the in-
tegrated pre-graduate and graduate level. These are (1)
Basics of medical informatics taught early in the medi-
cal curriculum, (2) Medical informatics which uses stu-
dents’ clinical knowledge and is taught towards the end
of the medical curriculum, and (3) individualized research
programs. Both Basics of medical informatics and Medi-
cal informatics are courses tailored in line with the IMIA
Recommendations on Medical Informatics Education for
IT users, and adjusted to students’ attitudes to medical
informatics issues and the position of the courses in the
medical curriculum.

Postgraduate studies, as the higher level of education at
the School of Medicine, also include several mostly elec-
tive medical informatics courses dealing with general medi-
cal informatics methodology and health information system
management in both clinical medicine and public health.
Included are also simulation modeling, methods of machine
learning and knowledge discovery in medical domains, as
well as medical statistics and methods oriented towards
free textual data analysis. The postgraduate level includes
in addition telemedicine, electrophysiological methods in
research, and evidence based medicine.
Conclusions: Medical students are starting to recognize
the role of information in their future profession. They
require medical informatics applications to support their
professional work with patients, as well as their research.
In particular they express interest in machine learning, si-
mulation modeling, medical decision making, data security,
e-learning, and evaluation of ICT based medical applica-
tions.
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1 Introduction

Medical informatics (MI) has for long been recognized
by many authors as a special education subject in the
medical curriculum [1, 2, 3, 4, 5, 6, 7]. Sancho et al wrote
“our main objectives when planning a MI course were to
give students a general overview of the medical applica-
tions of computers and instruct them in the use of com-
puters in future medical practice” [2]. Coiera pointed to
problem-oriented and careful use of medical records as
the important basis for physician’s work, however “the
problem-oriented medical record is just an information

instrument, and clinicians need to know when it is ap-
propriate, and when indeed other formulations might be
better choices“ [3]. Greenes claims „MI is now appear-
ing on more curricula as a distinct entity“ [4]. Shortliffe
points to the nature of (bio)medical data, saying „the core
issues in the field of MI are those related to the nature
of biomedical data and knowledge and their representa-
tion and use in computer systems” and, moreover, “from
these recurring themes arise a number of research topics in
the field”, such as experimental planning and verification,
data and knowledge acquisition, literature retrieval, di-
agnosis, treatment planning, human interface, and teach-
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ing [5]. Coiera insists on the need that medical students
understand “the dynamic and uncertain nature of medi-
cal knowledge” [3]. Also, the medical students should be
“able to keep personal knowledge and skills up-to-date”,
to “assess knowledge according to the statistical basis of
scientific evidence”, “interpret uncertain clinical data and
deal with artifact and error”, “structure and analyze cli-
nical decisions in terms of risks and benefits”, “apply and
adapt clinical knowledge to the individual circumstances
of patients”, “access, assess, select and apply a treatment
guideline, adapt it to local circumstances, and commu-
nicate and record variations in treatment plan and out-
come”, “structure and record clinical data in a form ap-
propriate for the immediate clinical task, for communica-
tion with colleagues, or for epidemiological purposes”, and
communicate by using “the most appropriate communica-
tion method for a given task” [3].

One recent paper states that the MI as a course of
study “requires a firm conviction that practicing medicine
in the 21st century demands currency, accuracy, and li-
teracy with the available information sources” [8].

Finally, the literature on medical (biomedical or
health) informatics education, as well as the Recommen-
dation given by the International Medical Informatics As-
sociation (IMIA) [9], clearly outline the preferred content
of MI courses. However, detailed programs with clearly
defined lectures, seminars, and practicals should be ad-
justed to specific course of study (medicine, nursing, etc.)
and to previous experience of students in the use of in-
formation and communication technology (ICT). Another
pertinent question is where in the medical curriculum to
position the MI courses: at the beginning (first two years),
in the middle or at the end (last two years). An alterna-
tive view may be the positioning in the medical curriculum
does not much matter.

Another challenge was: what MI subjects should be
incorporated in the postgraduate medical education level
and how to do it.

The aim of this paper is to describe the long time expe-
rience of teaching MI at the School of Medicine, University
of Zagreb, for medical students at both the integrated pre-
graduated and graduate (IPG), as well as postgraduate
level of medical education.

2 MI at the IPG Level of Medical
Education

Medical curriculum at the IPG level of education at the
School of Medicine, University of Zagreb, has included MI
courses starting with the year 1970. From 1970 to 2010,
MI changed its position in the medical curriculum several
times. It started within the third year of study, was shifted
several times to other years (first, second, sixth etc.) and
in 2010 its position was established at the fifth year of
the medical curriculum. The main reason for these shifts
could be explained as “nobody was sure what would be the
best position of an MI course in the medical curriculum”.

After discussing the question “what is the best position for
MI” with colleagues, and relating to experience of teach-
ing MI subjects at the IPG level, we asked the second and
the sixth year students about their opinions related to this
problem. Their opinion (63% of the second year students)
was that the best position for an MI course would be at
the end of the medical curriculum. However, 26% of them
suggested the beginning. At the same time, 36% of the
sixth year students voted for the end of curriculum, and
43% for the beginning [6, 10].

Additional analyses showed that students with little or
no experience in the use of ICT voted for the MI course po-
sition at the beginning of the medical curriculum. There-
fore, our decision was: MI subjects should be split into
basics knowledge, which should be set at the beginning
of the curriculum, and more specific, medically oriented
knowledge was to be set at the end of the medical cur-
riculum [6, 11]. Consequently, the Basics of informatics
course was established as an elective course in the first
year of study. Medical informatics was established as a
mandatory course in the fifth year of study.

Starting with year 2003, the School of Medicine, Uni-
versity of Zagreb, provides also the MD programs for
foreign students, so called the Medical Study in English
(MSE) (http://mse.mef.hr/). The MSE students come
from a number of countries (Australia, USA, Canada,
Malaysia, Portugal, South Africa, UK, Sweden, etc.). Re-
garding the MI courses, the MSE curriculum is the same
as the curriculum for Croatian students, with one excep-
tion: the Basics of medical informatics is a mandatory
course in MSE.

Both Croatian and English medical IPG programs lead
to a Doctor of Medicine degree at the School of Medicine,
University of Zagreb.

3 The Aim and Content of MI
Courses

The aim of the Basics of medical informatics course
is to enable the students to skilfully and competently use
ICT, through practicals in the computer laboratory. The
course includes basic terminology, Windows operating sys-
tem, text processing, spreadsheet software, presentation
software and browsers, e-mail and nethics, Internet, and
searching engines. Wherever possible, medical examples
are used in demonstrating ICT use.

The aims of the Medical informatics course (lectures,
seminars, and practicals) are: (1) to introduce the stu-
dents to the concept of MI, as well as develop their skills
in working with health data relevant for practice and re-
search in medicine and health care (coding, structuring,
databases); (2) to increase awareness of standards, clas-
sifications, data protection, and system security, as well
as ethics in the use of ICT; (3) to introduce methods of
knowledge discovery as well as the concept ICT-based sup-
port for medical decision making; (4) to provide insight
into real ICT applications for assessing their appropriate-
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Table 1: The list of courses with medical informatics subjects.

Course Course subjects ECTS
Methods in Medical
Informatics

Data structuring and organization; Intelligent data analysis; Simulation mo-
deling; Signal and image processing.

3.5

Information Sys-
tem Management
and Clinical Data
System

Information system components and infrastructure; Data management; Evalu-
ation of information system.

5

Knowledge Disco-
very in Medical
Domains

Methodology of knowledge discovery; Hypothesis; Noise detecting; Experimen-
tal and theoretical verification.

5

Public Health In-
formation System

Public health information needs; Health data sources; Making decision in public
health.

3

Textual Statistics Free text in medicine and health care; Codes, categories, theory; Analysis and
interpretation.

5

Electrophysiological
methods in medical
research

Physiology and electrophysiology; Electrophysiological methods in research;
Electro-medical instrumentation – principles and limitations.

4

Telemedicine Telemedical applications; Standards in telemedicine; Evaluation of applications
in telemedicine.

3.5

Statistical Analysis
of Medical Data

Statistical methodology; Critical reading scientific and professional papers; As-
sessment of appropriateness of applied statistical procedures and presentation
of results in medical literature.

5.5

Research Methods
in Public Health

Operation research methods and tools; Project design and monitoring; Si-
mulation in public health research.

2

Evidence Based
Medicine

Basic principles and methodologies; Critical analysis of literature; Advantages
and limitations.

3.5

ness/usefulness for a practicing physician; and (5) to de-
velop students’ skills needed for searching bibliographic
databases and other Internet based sources of medical
knowledge.

During the course, special attention is given to se-
minars where students present and discuss experiences
described in professional and scientific papers published
mostly in international MI journals. Aiming to assess
students’ opinions about these papers (what was most
challenging for them, what could be or has been appli-
cable in the Croatian health system, what could be most
of use, etc.) a survey was conducted [12]. Considering the
subject, the papers were grouped as: telemedicine, health
information system, ICT versus conventional approach (in
communication and research), and medical decision sup-
port systems.

Students were asked to rank papers according to their
attractiveness and usefulness for medical practice. The
results showed that telemedicine was ranked as the most
attractive. Health information systems achieved the sec-
ond place. Decision support was the next attractive topic,
especially support systems aiming to avoid medical errors,
as well as drug information databases. ICT in communi-
cation and research was not considered as very attractive.

Taking into account that both telemedicine and com-
puterization of primary health care were the recent
projects in Croatia, the first two ranks could be easily

explained. However, attractiveness of decision support
system showed that students’ expectation of MI could not
be neglected. It could be concluded that students are mo-
tivated to find out how the ICT applications could support
their future medical practice.

Discovering such attractive topics could “open the
door” to MI and make it interesting and challenging to
medical students. Consequently, students might be ex-
pected to become active stakeholders in MI research and
practice.

4 MI at the Postgraduate
Education Level

Postgraduate level of medical education at the School
of Medicine in Zagreb started with MI subjects in year
1966. It was then just short information about computers
and their potential role in medicine and health care. Five
years later the University Computing Center was estab-
lished in Zagreb, and students were able to get acquainted
with some simple applications, mostly examples of statis-
tical data analysis. More recently, MI is a relevant subject
in postgraduate education at the University of Zagreb.

Postgraduate education programs at the School of
Medicine have been organized as interdisciplinary Doc-
toral studies in Biomedicine and Health Sciences, lead-

EJBI – Volume 7 (2011), Issue 2 c©2011 EuroMISE s.r.o.



Kern, Fišter – Medical Informatics Meets Medical Education: the Croatian Experience en61

Table 2: Students’ research published from 1994 to 2011. Note: Student’s name is in Italic.

Report of student’s research published
Topic by himself/herself with his/her mentor and/or others
Machine learning Sonicki Z (1994) [13] Vuletić S, Kern J, Sonicki Z, Ivanković D (1999) [28]

Vojnić-Zelić D (1996) [14] Rimac M, Kern J (1999) [31]
Pikija S (1998) [15] Lukacić Z, Kern J, Težak-Benčić M (2000) [26]
Lukačić Z (1998) [16] Sonicki Z, Morin A, Plasaj T, Sonicki D, Kusić Z

(2000) [29]
Lukacić Z, Kern J (2002) [27]
Sonicki Z, Gamberger D, Šmuc T, Sonicki D, Kern J
(2002) [30]

Data security Markota M (1999) [17] Markota M, Raič G (1997) [32]
Markota M, Kern J, Švab I (2001) [33]

E-learning Fišter K (2000) [18] Marinović D, Hren D, Sambunjak D, Rašić I,
Škegro I, Marušić A, Marušić M (2009) [34]

Marinović D (2009) [19]
Simulation modeling Božikov J (1997) [20] Manestar-Blažić T, Božikov J (2004) [36]

Rimac M (2002) [21] Rimac M, Božikov J (2007) [35]
Manestar-Blažić T (2005) [22] Manestar-Blažić T, Božikov J (2007) [37]
Poljičanin T (2010) [23]

Decision making in
health organization

Ilakovac V (1996) [24] Ilakovac V, Kern J (1994) [38]

Piberl S (2011) [25]
Evaluation studies in
medical informatics

Andrijašević L, Angebrandt P, Kern J (2010) [39]

Biostatistcs Smoljanović L (1994) [40] Kujundžić Tiljak M, Kern J, Ivanković D, Tiljak H,
Vuletić S (2001) [44]

Kujundžić M (1995) [41]
Kujundžić Tiljak M (2000) [42]
Šimurina T (2011) [43]

Free text analysis Fišter K (2000) [45] Hercigonja-Szekeres M, Marinović D, Kern J (2009)
[47]

Hercigonja-Szekeres M (2010)
[46]

ing to PhD degree and several professional studies such
as Anaesthesiology, Cytology, Diabetology, Epidemiology,
Microbiology, Occupational Health, Paediatrics, Public
Health, etc., being mostly parts of medical specialization
programs.

Some of the professional studies, for example Public
Health, Occupational Medicine, and School Medicine, in-
clude certain MI subjects, but most of MI issues are sub-
jects of interdisciplinary Doctoral studies. List of courses
at the Doctoral study consists of 140 courses, which are
either mandatory or elective. Ten of them are related to
MI subjects. All but one of MI courses belong to elective
group. All of them should be considered as independent,
and students can choose one or more of MI courses ac-
cording to their wishes.

The list of courses related to MI is shown in Table 1.
Statistical Analysis of Medical Data is the only manda-

tory course in this list. Other courses are usually elected
by 5 to 10 students per year (of 50 to 60 enrolled). So far

evaluation was undertaken only for the mandatory course
and used for course improvement.

4.1 Students’ Research

Individual program research at the School of Medicine
was adjusted to students willing to get more knowledge in
MI. It could be practicing at both, IPG and postgraduate
level of medical education. Individual student research
should finish with a paper or a poster, a master thesis, or
a dissertation. Many students do congress or journal pa-
pers with their mentors, sometimes as preliminary results
of their research, sometimes as a final result. Students’
research published from 1994 to 2011 is shown in Table 2.

5 Discussion

There is no doubt that ICT is entering into medicine
and health care. Effect of computerization the cli-
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nical settings is well documented [48, 49, 50]. Benefits
of decision support system are remarkable even if just
electronically available guidelines were used as support
[51, 52, 53, 54, 55, 56].

On the other side, the ICT based medical or health
care applications could not be imagined without coopera-
tion of medical profession. Therefore medical professionals
should be educated for coming technologies, for changes in
their work, for management of changes and management
of knowledge.

Several surveys on medical informatics as a discipline,
on attitudes of students and medical professionals to this
discipline showed to be positive. Some exceptions, like
survey on electronic problem lists which showed great vari-
ability in attitudes of health professionals [57]. However,
this result just reflects situation where health profession-
als were not enough educated or there were not enough
co-operations with ICT professionals who use to develop
application.

The Croatian experience in medical informatics educa-
tion programs for medical students based not only to poll,
showed positive results. Namely, number of students do-
ing their own research, their student papers, master’s and
doctoral thesis are the real evidence that medical informa-
tics for medical students were not a missed action.

6 Conclusion

The medical students recognize the role of information
in their future profession. They feel the medical informa-
tics methods as useful in their professional work (with
patients) as well as in research. The special emphasize
of their interest is in searching for professional and scien-
tific information, and decision support systems related to
medicine and health care.
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1 Introduction

Biomedical and Health Informatics (BMHI)1 has been
defined as "the scientific field that deals with biomedical
information, data and knowledge – their storage, retrieval
and optimal use for problem solving and decision making
[1]."

Other definitions as in [2, 3, 4] and [5] emphasize even
more the optimal use of information in the domain of
biomedicine. For these authors, and this would be the
approach taken in this text, informatics is the science of
information. Information is defined as "data + meaning".
Thus, biomedical informatics would be information sci-
ence applied or studied in the context of biomedicine.

In several places, some people tend to associate the
term "informatics" with any activity at any level that is
related to the use of computers. In our opinion, this very
general sense devalues the academic discipline and hin-
ders the recognition of its professionals. Clearly defining

Health and Biomedical Informatics is an essential step to
allow progress on practical issues such as: education, re-
search, development of a professional career or consolidat-
ing an international community.

A key feature of this definition is that if we accept
that biomedical informaticians study biomedical informa-
tion (data and its meaning), then, professionals of this
discipline should understand the context or biomedical do-
main (biology, medicine, pharmacy, nursing . . . ). This is
because in this area the relevant concepts (eg a gene, fibro-
sis) are very difficult to relate with formal representations.
Bernstam et al. uses the example of a Bank to support
this idea. In this domain, the "semantic gap" between
the data (numbers) and associated information (account
balances) is very limited, i.e. there is a fairly direct rela-
tionship between data and information. In biomedicine,
on the contrary, this "semantic gap" is very pronounced.
Biomedical data are not often directly associated with a
concept and the complexity of human beings and the pro-

1We are taking this name because it has been used in the recently
published article for educational recommendations from IMIA (In-

ternational Medical Informatics Association). Reference: [6]
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Figure 1: Disciplines overlapping with BMHI: A - Medical Information Science, B - Medical Chemoinformatics C – Medical
(Clinical) informatics, D - Medical (translational) Bioinformatics, E - Public Health Informatics, F - Medical Nanoinformatics
G - Devices and medical image processing.

cesses involved in biomedicine are not easily reducible to
computer systems and conventional data processing. Ac-
cording to [2], humans can be considered as "systems"
that have developed by evolution, and this makes its sub-
systems (organs) difficult to separate. This makes two in-
dividuals react differently to the same events (a drug), as
opposed to other systems, like an airplane. Although very
complex, airplanes respond to a design, so the parts are
separable and respond equivalently to the environment.

This definition allows BMHI to be distinguished from
other sometimes overlapping disciplines. Biomedical en-
gineering, for example, tries to solve biomedical problems
using engineering methods. Although these solutions may
include, in some cases, the development of computer pro-
grams, the focus is on the problem to be solved, and not
on specific aspects of data representation or information
processing.

It is true that health and biomedical informatics do not
yet have their own professional identity. The field is very
heterogeneous. The same can be said of the profiles of
people working in this field. It is also a multidisciplinary
field with multiple areas of overlap with other disciplines,
as shown in Figure 1, originally published in the educa-
tional recommendations of IMIA [7].

However, there is a body of knowledge in the BMHI
discipline itself, which must be known to practitioners.
Defining this body of knowledge can contribute to the
establishment of educational programs at various levels
(Master, PhD) to train the future professionals. It is also
necessary to know in order to undertake tasks and par-
ticipate in and promote innovative research projects. Fi-
nally, it would advance the professionalism, understood as
the development of a profession with its own entrance re-
quirements, competencies, certification, code of ethics or
professional career. This idea is graphically represented
in Figure 2.

Although it is not the aim of this paper and is beyond
its scope to develop, an indication of the body of know-
ledge characteristics of BMHI should be provided. Since
the emphasis is on data processing and on the generation
of meaning in the domain of biomedicine, the key aspects
to consider are related to the design and development of
theories, models and methods to solve problems related
to information architecture, retrieval, performance or ana-
lysis. Obviously, with the progress of the different health
technologies (imaging, laboratory, medical records) in re-
cent decades, the amount of data to handle is so large that
Information and Communication Technology plays an im-
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portant role in supporting these processes of information.
We must emphasize again that it is the information and
not the underlying technologies which represent the pri-
mary focus of BMHI.

Returning to the body of knowledge characteristic of
BMHI, its aim is knowing what information is needed
and how it can be managed to solve a particular prob-
lem in biomedicine. From this perspective, all aspects of
databases (to store and retrieve data), algorithms (data
processing), artificial intelligence (to generate meaning
from data and existing data), ontologies (to represent and
integrate data), visualization techniques (presenting data
and information generated) or aspects of usability (human
factors relevant to access to information) clearly represent
core components of the body of knowledge and abilities
of BMHI. In the biomedical context, this can be related
to digital health records, clinical documentation, decision
making support, interpretation of medical images and sig-
nals, etc. It is also important to study the history of the
discipline, which dates back to more than 60 years; the
successes and failures, their schools of thought, institu-
tions, and main experts and leaders in the field. Only
from the study of these can we avoid "reinventing the
wheel" and making mistakes that have been previously
made. We will be able to follow the experience of "suc-
cess stories" and the methods that have proven useful in
the international context.

Figure 2: The definition of BMHI body of knowledge can ad-
vance issues related to education, research and development of
the profession.

Some authors have even proposed sub-disciplines
within BMHI. This depends on the specific domain in
which data is handled and its meaning. For instance,
bioinformatics (data from molecular and cellular level)
[8], medical Imaging (tissues and organs level), clinical
or medical Informatics (patients individual data), pub-
lic health informatics (population-level data) [9] or the
nascent nanoinformatics (submolecular or atomic level).
Some BMHI education programs are based on this defini-
tion [10, 11].

2 Myths in Research and
Education in Health and
Biomedical Informatics

A myth is defined as "a set of beliefs and idealized
images that are formed around a phenomenon and be-
come a model or prototype". When analyzing the status
of Education and Research in BMHI, and compared with
the situation in other fields, there are clear differences and
it is likely that the following myths or misconceptions are
at the basis of some existing problems. Below, we discuss
these myths, which, though seemingly innocent, are hin-
dering the development of the discipline and thus should
be discussed and answered.

Myth 1. Health and Biomedical Informatics is just the
community resulting from the sum of the informaticians,
plus physicians, plus pharmacists, plus nurses, plus other
health professionals. . .

This idea denies the existence and the need to know
the specific body of knowledge of the BMHI discipline it-
self. A corollary of this myth would be then that specific
education in the area would not be needed. However, it
is well established in many countries that a professional
group trained specifically in BMHI is increasingly neces-
sary, although there are different training routes to access
this education.

Myth 2. Health and Biomedical Informatics does not in-
volve research, it is just developing or adapting tools.

This way of thinking hinders the consideration of
BMHI as a scientific discipline. There is a tendency for
those responsible for implementing systems in health cen-
ters to regard all information systems as "commodities"
that can simply be bought off the market and imple-
mented. This may be true in some cases of hardware
or communications systems, but systems should be much
closer to the specific needs of a clinical service or a Re-
search Unit. This myth also represents a barrier to the
development of research projects by experts in BMHI.
This requires innovative solutions to be explored, and col-
laboration with clinicians and biomedical researchers.

Myth 3. Developing information technology projects in
this environment is similar to other fields of activity (bank-
ing, insurance,. . . )

By this criterion, any informatician, without experi-
ence in the biomedical and health domain, would be able
to direct and lead BMHI projects. This myth, in our
opinion, is at the basis of some of the projects that have
not succeeded. This is due to a lack of understanding and
communication difficulties between informaticians and cli-
nicians. The development of the profession of BMHI
would accredit professionals who have the skills to lead
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these projects, with specific knowledge domain and abil-
ity to communicate effectively with both technologists and
the clinicians.

So we could summarize our common position against
these myths as it follows: BMHI is informatics, as such,
BMHI needs the knowledge of informatics. But also since
it is applied to health and biomedicine its practitioners
should have a good knowledge of the concepts that apply
to biomedicine and also about the organization of health-
care. Research in this field enriches the specific body of
knowledge of the discipline and contributes to advance in-
novation in response to specific needs. Without knowledge
of and experience in biomedicine informaticians may fail
in BMHI projects.

3 Current Status of Health and
Biomedical Informatics
internationally

3.1 Education

A thorough review of the many educational programs
that are provided internationally at different levels (un-
dergraduate, postgraduate, continuing medical education)
is required. This section highlights some references that
should be taken into account.

With regards to the education of professionals in
BMHI, it must be stated that the National Institutes
of Health (NIH) of USA are financing, for more than
20 years, different graduate programs (Master and PhD)
in Biomedical Informatics. These programs are offered
at the most prestigious universities across the country
(the number can vary from year to year, but usually
close to 20). Similar programs exist in Germany, UK,
Ireland, Canada and Norway, among others. It must
also be pointed out that the Hospital Italiano de Buenos
Aires (HIBA), has a program of residency in Biomedical
Informatics.

The U.S. Department of Health has recently awarded
grants totaling $144 million U.S. for training human re-
sources and research in Health Informatics. This program
is included in the framework of the "American Recovery
and Reinvestment Act" (ARRA), which spend U.S. $2,000
million to promote the meaningful use of digital patient
medical records in the U.S. Of these 144 million, 84 mil-
lion was allocated to universities and consortia of "col-
leges" with the goal of training 50,000 new professionals
in health informatics in the coming years.

There are also many examples in which undergradu-
ate education of health professionals (e.g. medicine) in-
cludes a core subject and linking one or more subjects
with BMHI. The aim is to equip the future health with

the skills for basic biomedical information management
[12].

Regarding Continuing Education in Informatics,
health professionals should give importance to the AMIA
10x10 program of the American Medical Informatics Asso-
ciation2, which aims to train 10,000 people through mixed
courses (face-on line) about 10 weeks duration and are
taught in collaboration with leading universities and hos-
pitals in the U.S. [13, 14]. HIBA has developed a Spanish
version of the course AMIA 10x10, at the University of
Oregon, and has already run it several times with great
success [15].

3.2 Research

The European Commission, through its Programme -
ICT for Health has been funding research in areas related
to BMHI for over 20 years. The V Framework Programme
(2001) began to define a specific area known as BMHI,
which has had its development in the Sixth Framework
Programme (2003-2007), mobilizing more than 100 mil-
lion Euros. Currently, during the Seventh Framework Pro-
gramme, the projects included in the VPH Program (Vir-
tual Physiological Human) continue to develop aspects of
biomedical informatics.

In the U.S., the NIH Roadmap, which marks its prio-
rity areas of research includes computational biomedicine
and the programs developed by the NIH included the
creation of 7 NCBCs (National Centers for Biomedical
Computing) and 60 CTSA (Clinical and Translational Re-
search Awards). The former are engaged in research in
BMHI, while the latter are entities that perform clinical
trials, but must include at least one group with expertise
in BMHI.

Of the $144 million provided for the Health Informa-
tics program by the U.S., government via the ARR Act,
60 million was allocated to four research projects that ad-
dress strategic issues for the development of this area:
security, decision support decisions of patients and cli-
nicians, secondary use of medical records and network in-
frastructure and application architectures.

3.3 Professionalism

In addition to the significant efforts being under-
taken by the British National Health Service (NHS) and
other scientific societies, such as COACH (Canada Health
Informatics Association)[16] to advance the characteriza-
tion of the profession of BMHI and the establishment of
a career, with different access requirements and promo-
tion, we should also point out here the recent advances
achieved by AMIA for the standardization of educational
programs and professional certification. AMIA has now
been accepted in the Council of Medical Societies of Amer-
ica and is currently immersed in an ambitious project to

2American Medical Informatics Association. AMIA 10x10 pro-
gram. Available at: http://www.amia.org /education /10x10-

courses. Date Accessed: June 2011
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ensure that clinical informatics is recognized as a medical
subspecialty, which could be accessed from any major me-
dical specialty. The specialty which has agreed to pilot
the process is the one on Preventive Medicine and Public
Health. AMIA estimates that the project will be com-
pleted by 2013, including the creation of a "Council" of
examiners who will certify the adequacy of educational
programs and two access routes to the subspecialty based
professional practice or in education [17].

4 Current Situation of Education
and Research in Health and
Biomedical Informatics in Spain

4.1 Education

The situation can clearly be improved. At present,
the university is not generating the profile of graduates
required by companies and institutions in the sector. At
the graduate level, very few educational programs are re-
lated to BMHI. There are some studies that offer a Master
in Bioinformatics or in Biomedical Engineering, but not
with the BMHI approach explained in the introduction of
this article.

At the undergraduate level the study recently car-
ried out by the COMBIOMED Research Network
(http://combiomed.isciii.es) and the Spanish Health
Informatics Society (http://www.seis.es) showed that
there are enormous needs at the Spanish medical schools
(including those newly created) in terms of training future
doctors in skills and knowledge for managing information.
Core subjects hardly exist in BMHI and in some cases, if
offered, are optional, and deliver content on very basic of-
fice applications and literature searches. There are some
honorable exceptions, such as in Barcelona. Universities
like UB or UPF include core subjects of BMHI in the
degree program. However, it is especially worrying that
most new medical schools do not adequately address these
needs, which have been recognized by both the White Pa-
per of Medicine, coordinated by ANECA, and the leading
international associations of medical education [12].

With regard to the third domain of education in
BMHI, the continuous education of professionals, the sit-
uation is not very positive. There are few on-line training
programs and very few initiatives of classroom training.

4.2 Research

The situation in Spain with regards to research on
BMHI, measured in terms of classical, internationally
accepted indicators (number of communications to in-
ternational conferences, number of publications in peer-
reviewed scientific journals, return on research projects
funded by the Commission Union), could be defined as
paradoxical. This adjective refers to the fact that there
are very few groups (low quantity), although they are very

competitive at an international level (high quality). One
might therefore ask whether the level reached in the in-
ternational arena is due to personal efforts rather than
well-founded political support. One might also ask what
the sustainability of these few groups with international
projection is.

Another worrying indicator is the fact that Spain is
one of the few countries in Europe that has not hosted
any major international conference in BMHI (MEDINFO
or MIE).

Finally, we must say that the involvement of IT staff
from Spanish medical centers in research projects and pre-
senting results at conferences or international journals is
almost anecdotal, again with some honorable exceptions
such as, Coruna or Granada.

4.3 Professionalism

Practically no steps have been taken towards the
recognition of the profession of BMHI in Spain. A gene-
rally well-informed discussion on these points has not yet
taken place. Currently we can only mention the actions
by some regional health services, involving the creation of
specific professional scales (at various levels).

5 Current Situation of Education
and Research in Health and
Biomedical Informatics in
Australia

5.1 Education

In the past decade, the trend has been for Australian
undergraduate and postgraduate health informatics de-
grees to close due to lack of demand. Currently there are
around 10 university providers of BMHI degrees, including
majors in information technology or information systems
degrees [18]. In addition, diverse elective subjects are of-
fered in a number of undergraduate and postgraduate de-
grees in ICT and in health sciences at many universities;
this activity is very changeable and efforts to map it are
difficult. Offering short courses for continuing professional
development is increasingly of interest to professional as-
sociations and Registered Training Organisations (RTOs),
both public and private, in the vocational education and
training (VET) sector. International providers are able
to meet the needs of some Australians, either through in-
tensive programs requiring block attendance offshore, or
through open and distance learning.

Some clinical health professional organisations in Aus-
tralia have developed competency statements for general
practice [19] and nursing [20], for example – although it
is not clear how these are being implemented or audited
in accredited curricula. A national project funded by the
Australian Learning and Teaching Council is encouraging
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the development of ehealth capability in students who are
enrolled in entry-level clinical health professional degrees:
http://clinicalinformaticseducation.pbworks.com.

There is as yet no Australian national framework for
accrediting health informatics curricula. However a na-
tional Australasian Health Informatics Education Coun-
cil [21] has been formed to advance this, under the
auspices of the Australasian College of Health Informa-
tics (ACHI), the Health Informatics Society of Australia
(HISA), Health Level 7 (HL7) Australia, the Health Infor-
mation Management Association of Australia (HIMAA)
and the Australian Computer Society (ACS), with Com-
monwealth government observers.

5.2 Research

The Commonwealth government research body
CSIRO supports the Australian eHealth Research Cen-
tre [22]. Several Australian universities have academic
research units in health informatics and related fields, for
example:

• Bond University http://www.bond.edu.au/research
/research-at-bond/university-research-centres
/centre-for-health-informatics/

• Deakin University http://www.deakin.edu.au/buslaw
/infosys/research/healthinfo/

• Edith Cowan University http://www.ecu.edu.au
/faculties/computing-health-and-science/research-
activity/research-centres/ehealth-research-group

• Monash University http://www.mihsr.monash.org
/e-health/

• University of Melbourne http://www .healthinfor-
matics.unimelb.edu.au/

• University of New SouthWales http://www.chi.unsw
.edu.au/

• University of Queensland http://www.uq.edu.au
/coh/

A study of Australian health informatics publications
in PubMed 1970-2005 showed a consistent increase in line
with world trends [23]. National competitive grant fund-
ing for health informatics research in Australia has in-
creased from $300 000 to $8 million during the period
2000-2010 [24].

5.3 Professionalism

A recent study of the Australian health informatics
workforce [25] concluded that there are over 10,000 people
in this workforce now, many with non-formal education or
none in health informatics, and that this number repre-
sents a workforce shortage in some settings and a prospec-
tive shortfall in others. Concerns about the supply of ex-
pert informaticians are becoming more acute as Australia

proceeds to implement system-wide health and ehealth re-
forms nationally [26, 27].

The only national process for gaining professional cre-
dentials as a health informatician is to apply for full mem-
bership or fellowship of the Australasian College of Health
Informatics [28].

6 Proposals for the Development
of Education and Research in
Biomedical Informatics and
Health

6.1 Education

As we have seen, we can distinguish at least three
different levels with regard to education in Health and
Biomedical Informatics. Each of them should initiate ef-
forts to better prepare current and future professionals:

• Knowledge of biomedical informatics, needs to
spread and be explained to to all the medical schools
and other health careers.

• Training Specialists in Biomedical Informatics
(graduate programs such as Masters, Ph.D., Resi-
dency). It should follow the recommendations pub-
lished by IMIA (International Medical Informatics
Association).

• Continuing Medical Education of professionals. It
could be done adapting the AMIA 10x10 program
model of the American Medical Informatics Associ-
ation)

Also we should pay special attention to innovative
teaching methods that are being applied successfully in
this field such as workshops, summer schools, online
resources, Web 2.0, multidisciplinary working groups,
problem-solving oriented training [29, 30, 31].

6.2 Research

Some actions that could be considered are:

• Designing training modules and specific research
methodology for professional BMHI.

• Urging more attention to be paid to this discipline
by research funding agencies, trying to ensure their
presence in the Research & Development plans.

• Creating awareness in CIOs of hospitals on the im-
portance of leading activities and participating in
research projects.
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6.3 Professionalism

To follow the path already undertaken by British or
American colleagues, it would be necessary to create a
working group to analyze the possibility of Biomedical and
Health Informatics being recognised as a profession. You
might even think of creating a model program RMI "Re-
sident Medical Informatician." This involves talks with
the ministries of health and education and contacts with
the Board of Medical Specialties. However, the road to be
traveled to make this a feasible possibility is very long. To
cite one example, AMIA has had to demonstrate to the
Board of Medical Specialties U.S. that they could meet
a number of requirements for assessing the application.
Among them were: having a code of ethics, having a body
of peer-reviewed scientific communication (the magazine
JAMIA), educational programs, rules, definitions of com-
petencies, establishing a Scientific Society (AMIA) that
runs annual meetings catering to a professional popula-
tion of sufficient size and have an "Academy" ("American
College of Medical Informatics").
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1 Introduction

Educational programmes in the area that we nowa-
days refer to as biomedical informatics cover topics from
the field of medical informatics and bioinformatics. The
conceptual roots of such programmes lead back more than
thirty years and the programmes are well established in
many countries. The leading role in promoting activities
concerning education in biomedical informatics has been
given by the International Medical Informatics Associa-
tion (IMIA) at MEDINFO congresses, special topics con-
ferences and activities of the IMIA working group on
Health and Medical Informatics Education. This work-
ing group initiated the development of the first IMIA
Recommendations on Education in Health and Medical
Informatics [1] translated till now into Spanish, Chinese,
Italian, Turkish, Czech, and Japanese languages. These
recommendations were updated and the second version
was published in [2]. Let us mention at least the IMIA con-
ference on medical informatics education held in Prague
1990. It brought together participants from 18 countries
and the „Knowledge, Information and Medical Education“
proceedings [3] contained more than 60 selected contri-
butions and covered the role of informatics in the me-
dical curriculum and experiences existing in many me-
dical faculties all over the world. This conference highly

influenced medical informatics education at medical fa-
culties of Charles University in Prague. After the poli-
tical changes in Czechoslovakia in the year 1989, educa-
tion and training in medical informatics at Charles Uni-
versity in Prague have been further developed. The in-
volvement of teachers in several European projects and
broader availability of knowledge acquired from national
and international contacts with universities, research or-
ganizations and working groups of international organi-
zations, e.g. the International Medical Informatics As-
sociation (IMIA) and the European Federation for Me-
dical Informatics (EFMI), supported new approaches to
medical informatics education. During the 58th World
Health Assembly held in Geneva in May 2005, the Minis-
ters of Health of 192 member states of the United Nations
approved the so called eHealth Resolution [4] that offi-
cially recognizes the added value of the information and
communication technologies for health purposes. eHealth
technologies opened the doorway to a new type of me-
dical services where healthcare professionals are able to
utilize them fully for prevention and management of dis-
eases, lifelong learning and communication with colleagues
and patients. Additionally, education and use of eHealth
technologies can help to change a passive attitude of pa-
tients against their diseases towards a proactive attitude
of informed citizens for managing their own health. It is
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expected that an increasing development of eHealth ap-
plications considering not only electronic but also envi-
ronmental and economic context [5] will influence also the
medical informatics education and training.

2 Education and Training in
Biomedical Informatics at
Charles University in Prague

Education and training for undergraduate students in
medical and biomedical informatics at Charles University
in Prague has been provided mainly by medical faculties.
The approaches to medical informatics education at five
medical faculties of Charles University are different. The
first courses in this field were running already more than
twenty five years ago on medical faculties nowadays named
as the First Faculty of Medicine and the Second Faculty
of Medicine. The EuroMISE Centre (European Centre
for Medical Informatics, Statistics and Epidemiology), the
joint workplace of Charles University and the Academy of
Sciences of the Czech Republic, was established in 1994
within the European project with the acronym EuroMISE.
The project focused on education in the methodology field
of healthcare [6], namely on education in medical informa-
tics, statistics and epidemiology. EuroMISE courses de-
veloped in the project were given in English to partici-
pants from Central and Eastern European countries in the
period of 1994-1998 and more than 120 certificates were
passed to participants from these countries at Charles Uni-
versity Aula Magna after successful completions of the
courses. Further teaching materials in English were de-
veloped within the IT EDUCTRA project (Information
Technologies in Education and Training) with versions in
German, French, Spanish, and Czech languages [7]. The
European projects, textbooks on biomedical informatics
education, e.g. [8, 9] and experience with education of
biomedical informatics on different levels gathered from
relevant literature and conferences, e.g. [10, 11] influenced
the nowadays shape of biomedical informatics courses.

The agreement on cooperation of Charles University
in Prague and the Academy of Sciences of the Czech
Republic in the doctoral degree study programmes in
biomedicine was signed on April 23rd, 1997. There are
now 20 boards of scientific disciplines in postgraduate
doctoral studies in biomedicine at Charles University in
Prague. By the initiative of the First Faculty of Medicine
the scientific board of Biomedical Informatics was estab-
lished in the year 2001 [12]. The studies are given in Czech
and English languages. The doctoral degree study pro-
grammes are provided in a full-time or a combined form.
The full-time form lasts four years and the combined form
lasts nine years as a maximum. A full-time doctoral stu-
dent has the status of a student of Charles University
in Prague with all the respective legal and social conse-
quences. The requirements for successful completion of
the study are:

• to pass the state doctoral examination in a chosen
field,

• to defend a thesis, compiled on the basis of own pub-
lished papers.

The graduates are awarded the academic degree "doc-
tor" (abbreviated as Ph.D. after the name). The scientific
board of Biomedical Informatics accepts 10 students on
average per year. During full-time or combined studies
students have to complete successfully also two courses
approved by the scientific board of Biomedical Informa-
tics. These courses mostly use selected e-learning tools
that we describe in the next section.

Information about the MEFANET (Medical
Faculties NETwork) project can be found at
http://www.mefanet.cz/. The MEFANET network
involves all medical schools in the Czech Repub-
lic and Slovakia. Since 2007 it has been supported
by the European Social Fund in the Czech Repub-
lic (http://www.esfcr.eu/). The MEFANET project is
aiming to develop and to strengthen the cooperation
among Czech and Slovak medical faculties, as regards
the progress in education of medical and health care dis-
ciplines using modern information and communication
technologies. The primary objective of the MEFANET
project is to facilitate the cooperation among teams from
different faculties, and to ensure a horizontal accessibility
of electronic teaching tools for both teachers and stu-
dents. The MEFANET project is certainly not meant to
affect or control teaching activities at individual faculties:
all targets of the MEFANET project fully respect the
independence of individual faculties.

3 Internet and e-learning Tools

E-learning tools can support both undergraduate me-
dical education and doctoral degree study programmes in
biomedicine. E-learning, understood as the use of infor-
mation and communication technology to support and en-
hance learning practices, has, no doubt, a great impact on
learning processes. The main reason for use of e-learning
tools is related to flexibility in time and place, limitations
of cost and possibility to use e-learning tools by students
in their own place and time. Particularly important in
educational programmes and knowledge dissemination is
the role of the Internet and mainly – from the beginning
of the 21st century – the 2nd generation of web services
known as Web 2.0. Thanks to rising availability of the
Internet and opening of the World Wide Web as a publi-
cation, sharing and collaboration platform to wide masses
of learners, we have witnessed a shift of e-learning towards
so called e-learning 2.0. Further we describe some tools
used in undergraduate and doctoral degree education.
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3.1 Wiki Teaching Materials at the First
Faculty of Medicine

Around 2005, the First Faculty of Medicine dealt with
the increasing amount of spontaneously produced elec-
tronic educational materials. They were individually cre-
ated at various departments and greatly varied both in a
form and quality. Attempts to share these materials using
a web-based portal have lead to petrifaction of the con-
tent, including all bugs and inaccuracies. Moreover, the
content corresponded to the state of art at the time of
its creation. The concept of Reusable Learning Objects
(RLO) represented an approach to address these issues.
In RLO pieces of information should have been supple-
mented with metadata and shared in international digital
repositories (Ariadne, Edna, Globe, etc.). Unfortunately,
such a sophisticated processing of educational materials
appeared to be too laborious for busy medical teachers. At
the same time, there was the growing amount and quality
of information stored in open systems based on the wiki-
technology. Thus, the idea of RLO was transformed to
wiki at the First Faculty of Medicine.

WikiSkripta/WikiLectures (www.wikiskripta.eu) were
established at the First Faculty of Medicine in 2008. The
fundamental change compared to existing tools for shar-
ing of educational content was the possibility to involve
medical students in creating the materials. The basis of
the texts is frequently written by students themselves in
a similar way as students do it while preparing for exams.
In WikiLectures, the teacher can then rectify the mate-
rial, complete and verify it. In this way, even errors and
inaccuracies widespread among students can be corrected.
Contrary to Wikipedia, which served as one of sources of
inspiration, WikiLectures are not an encyclopaedia. They
rather resemble a textbook consisting of short chapters.
Texts are linked together; thus, it is usually not necessary
to write each topic more times. Transferring the work of
very busy teachers to students and volunteers from among
experts brings more effective use of time of both teach-
ers and students who use the results of the cooperative
work. The efficacy is even more increased by sharing the
project among schools. At the end of 2009, the First Fac-
ulty of Medicine opened the project to all 10 medical fa-
culties of the Czech and Slovak Republics. Combination
of strengths of individual schools is another great advan-
tage of the project. If the educational content is shared,
it is not necessary to prepare the same topic separately at
every faculty. The project is open and participating in it
is voluntary.

On the other hand, openness of wiki that allows par-
ticipation of a large number of users represents a poten-
tial threat. There is a risk of a fragmented form, lack of
pedagogical account, copyright violation etc. Therefore a
large, hierarchically structured team of editors is behind
the project. Most of its members are able and enthusiastic
medical students (nowadays about 50 people). In order to
keep a unified vision, style of work, methodology and high
standard of communication, administrators of the site ar-

range frequent meetings with editors (“wiki-teas”). Twice
a year, a “wiki-weekend” for the whole editorial team is
organized. As a part of these events, team-building acti-
vities serve for establishing informal relationships. Great
attention is paid to respecting copyrights of inserted con-
tent. Educational materials of WikiLectures are available
under licenses Creative Commons so that they can be re-
used even in other projects. The quality of finished arti-
cles is to be proven by accredited teachers. WikiLectures
have a system for evaluation of articles by teachers and
approved contributions are clearly distinguished from un-
finished ones. Today, WikiLectures contain more than
4.5 thousands articles; about 10% were approved. The
number of active users, i.e. the number of users who made
a contribution in the last 30 days, varies around 100. The
total number of visits has already exceeded 10 millions.
Regarding the field of medical informatics, WikiLectures
contain 19 topics. WikiLectures themselves can serve as
an example of a successful application of methods of me-
dical informatics in practice.

3.2 Interactive Electronic Books,
Videofilms and Audio Presentations of
Lectures

In biomedical informatics courses designed for doc-
toral degree studies we regularly use interactive elec-
tronic books, videofilms and audiopresentations of lec-
tures. Based on the knowledge gathered from European
projects the EuroMISE Centre of Charles University and
the Academy of Sciences CR has started to develop two
editions titled “Biomedical Informatics” and “Biomedical
Statistics” in the Czech language. The books are pub-
lished by the Carolinum Printing House of Charles Uni-
versity in Prague and some of them are available in pdf
formats for registered users on http://www.euromise.org/.
Interactive versions of the books are available only for
teachers and students in the courses. Till now three
books have been issued in the Biomedical Statistics edi-
tion and four books in the Biomedical Informatics edi-
tion. The biomedical informatics courses are also en-
riched by videofilms. For example the videofilm on elec-
tronic health record can show an eHealth application run-
ning at the University Hospital in Motol presenting the
lifelong voice controlled dental cross based on structured
electronic health record [13]. Other videofilms show in-
teroperability issues on transfer of data between the hos-
pital information system and an ambulance or informa-
tion and organizational features of kiosks working at out-
patient cardiology departments in the Municipal Hospital
in Caslav. Audio presentations of lectures given in five
courses with different biomedical informatics topics were
developed. Participants of the courses receive relevant
lectures for their course on DVD as the material for self-
study.
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3.3 ExaMe System

Since 1998 the ExaMe system for evaluation of a tar-
geted knowledge is being developed [14]. The idea of the
system is based on generalized multiple-choice questions,
with no prior restrictions on the number of answers pro-
vided to the students. The only restriction is that at least
one answer is correct and at least one wrong. This new
idea has lead to new concepts of standardization of test
results and also to new research problems in statistics.
Evaluation by the ExaMe system is performed using fixed
or automated tests. A fixed test is prepared by a teacher
before evaluation and it is the same for all students in
the computer teaching room. An automated test is ge-
nerated by a computer using random sample of questions
and answers. A fixed test is appropriate for evaluation of
a group of students in a computer classroom connected
to the Internet. An automated test is appropriate for
self-evaluation on remote places. Students can pass eva-
luations by automated tests by themselves and the final
results of the tests are displayed immediately. The dis-
played results also explain to students why some answers
were not correct. The ubiquity of the Internet and its
World Wide Web applications made it possible to realize
the new educational goals in an innovative and creative
way.

Experience from biomedical informatics courses run-
ning in the last years confirmed great advantages of this
e-learning tool for students, e.g.

• easy availability 24 hours a day, because the ExaMe
system is the Internet application and the only in-
terface between the ExaME system and its user is
the web browser;

• evaluation of knowledge by self-study using Auto-
mated tests of the ExaME system with attached ex-
planation of wrong answers. The automated test
and attached explanations of wrong answers in the
ExaME system lead to deeper understanding of
course materials;

• access of students to all results of their tests evalu-
ated by Automatic tests during the course duration
as well as for teachers and course organizers;

• easy administration of a course, the possibility to
follow results of students not only during the course
but also during their self-study;

• possibility to adjust difficulty and evaluation of a
test to a purpose of the course and consider diffe-
rent target groups of students in the course.

The ExaMe system is used in all biomedical informa-
tics courses developed for the doctoral degree studies.

3.4 Web 2.0-based e-learning Tools

We have been developing three Web 2.0-based tools
suitable for e-learning in doctoral and lifelong education.

The first tool, BLOG, provides information on sci-
entific medical information resources and evidence-based
medicine suitable for both undergraduate and doctoral
medical education. We have been building up four
educational blogs, both in Czech and English, based on
the Blogger weblog software. Three of them are password
protected, intended for medical students, doctors, and me-
dical information specialists. The fourth, open blog, is
aimed at provision of health related information to lay-
men. We appreciate flexibility and ubiquity of the Blog-
ger system (if an Internet connection is available), so that
a teacher can easily update the content if necessary and
users can browse it conveniently, without time and place
limitations.

The second tool, CLINEWS (Clinical Evidence News),
supports translation of scientific knowledge into clini-
cal practice. It is an application based on principles
of evidence-based medicine and Web 2.0. The applica-
tion is framed as an online RSS reader and a database
of chosen types of articles from the MEDLINE/PubMed
medical database. Tracked documents are randomized
controlled trials, systematic reviews with meta-analysis,
and clinical practice guidelines. Records are filled in
twice a day and they comprise bibliographic data, most
of them with abstracts, further they include links to
full texts of articles and to related articles in the MED-
LINE/PubMed database. The articles are sorted in accor-
dance with MeSH terms. Relative frequencies of MeSH
terms assigned to the articles are visualized as a tag
cloud. Below the entries, it is possible to put comments
and to rate the articles using a 5-star scale. The appli-
cation is linked to web services providing social book-
marks, including tools for storing and sharing scientific
publications like Connotea, CiteULike and Bibsonomy.
The beta version of CLINEWS is presently available at
http://neo.euromise.cz/clinews.

The third tool provides information aimed at improv-
ing decisions of people about their health. It is focused
on the domain of cardiology and is called COR (Cardio
Online Reader). The principle idea of the COR appli-
cation is the same it was mentioned in connection with
the CLINEWS system: selected types of articles, chosen
according to the principles of EBM (i.e. filtering of metho-
dologically reliable and clinical relevant records) have been
added to the on-line application. In addition to that the
articles entering the system are filtered according to the
domain of cardiology. Furthermore, the system is pro-
vided by several other improvements (e.g. an annotated
time line or an improved search filter). The application is
accessible for free at http://neo.euromise.cz/cor.

3.5 Other e-learning Tools

Further we describe three other tools used in biome-
dical informatics education. The system BAYES helps to
explain the Bayesian approach to the design of research
studies in health sciences. The central idea of the Bayesian
method is the use of study data to update the state of
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knowledge about a quantity of interest. In study design,
the Bayesian approach explicitly incorporates expressions
for the loss resulting from an incorrect decision at the end
of the study. The software tool demonstrates the Bayesian
approach by generating numeric examples and thus helps
students to understand the basic principles of the method
including sensitivity and specificity of a test, prevalence
of a disease, the ROC curve, etc. The system works in
Czech and English languages.

The TECOM system supports teaching of medical
decision-making. It utilizes data obtained in the pro-
cess of treating patients and collected in the database.
Students are asked to decide the correct diagnosis of a
patient from the database. Students have to choose ap-
propriate questions and from their answers they have to
give their subjective probabilities of various diagnoses.
The diagnosis with the highest subjective probability is
considered as the final decision. The results are evalu-
ated by the traditional error rate technique (percentage
of false and correct decisions) and by a prediction coef-
ficient, which measures quality of decision-making pro-
cesses. The TECOM system can help clinicians to reveal
more explicitly their decision-making competencies and
enhance their medical knowledge from cases and correct
decision stored in the database. The use of the TECOM
system for decision-making in cardiology is demonstrated
through the database of real cases diagnosed at the Mu-
nicipal hospital in Caslav.

Clinical practice guidelines (CPGs) play an important
role in the translation of the evidence into practice. CPGs
vary in the quality and validity of their content when
published by many different authorities through Internet.
Clinical users need easy-to-use lists and tools for effective
look-up. We develop our Catalogue of Clinical Practice
Guidelines (CCPG) since 2007. It gathers information
about CPGs published in the Czech Republic digitally
on the Internet. Each CPG record can be sorted and
searched by title, keywords, authors, publishing authori-
ties or ICD or MeSH terms. We have incorporated the last
Czech translation of the MeSH thesaurus in the last year.
By this MeSH 2011 terms we can link CPG documents
to other articles and literature. Not only clinicians and
other clinical stuff but also medical students and physi-
cians in the continuing medical education are the target
groups of users of CCPG. The bibliographic description of
all CPG documents condensed and they are available at
our catalogue that can also serve as a source of data for ad-
vanced clinical decision support systems when the search
for an adequate document for an actual clinical situation
is needed. CCPG records contain links to full texts of
CPG documents and links to formalized versions of these
texts or web applications, which use formalized models.
As usually, the formal model for CPG is not a part of
commonly published documents, we have to use the full
text to create the GLIF model of the CPG document [15].
We tried to use the same approach and technique with
other types of documents – mostly educational texts in
cardiology or diabetology. In these types of text it seems

to be more useful to create only the ontological model of
the document without the process structure, because the
procedures are not clearly and uniquely described.

The next section shows education of medical informa-
tics and e-learning courses at the Second Faculty of
Medicine.

4 Education of Medical
Informatics and Blended
Learning at the Second Faculty
of Medicine

In the time period 2002-2007 medical informatics was
taught in the master’s program in one term at the Second
Faculty of Medicine. Medical informatics courses were
covered by 13 two-hours lectures and by 13 two-hours
practical exercises. In practical exercises the students had
in the years 2002 and 2003 traditional forms of teaching.
Attendance at practical exercises was compulsory, materi-
als for practical exercises were available in the traditional
paper form. Since 2004, the exercises have been taught in
the form of ”blended learning“ with e-learning support of
teaching. All materials for practical exercises were con-
verted into electronic form, results of given tasks were
returned by students in electronic form and students had
available the electronic version of teaching materials. In
case of excused absences students could replace their ab-
sence by the self-study of a corresponding lesson. Lectures
and examinations throughout the above mentioned time-
period were carried out by the Head of the Department
only. We tried to compare results of education measured
by results of exams (1 – excellent, 2 – very good, 3 – good,
4 – insufficient) between courses given by the traditional
way (number of students 402, average mark 1.754) and
courses with blended learning (number of students 599,
average mark 1.594) using the Mann Whitney nonpara-
metric test for comparing results of exams in these two
groups. The test found statistically significant difference
in the results of oral examinations before and after the
introduction of e-learning tools.

The subject “Dentistry” at the Second Faculty of
Medicine is being taught in the fourth year of the curricu-
lum as a 10 days course (60 classes in total) – in Czech and
in English (for foreign students) languages. In cooperation
with the publishing house Grada there were written two
paper books – „Stomatologie“ (in Czech) and its transla-
tion „Dentistry and Oral Diseases“ (in English) [16]. From
the web pages of the Department of Paediatric Stomato-
logy, the Second Faculty of Medicine it is possible to con-
nect with the MEFANET portal. Educational materials
(PowerPoint presentations, articles, videos etc.) and ma-
terials at the MEFANET portal contain 38 contributions
in Czech and 17 lectures in English language. This system
makes active students´ participation during lessons possi-
ble with using both, e-learning lectures and written books.
This type of education interconnects the acquired know-
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Figure 1: Screen of the ExaMe system.

ledge with the practical training at the same time and it is
a consistent preparation for the examination. Evaluation
of students´ knowledge can be supported by the ExaMe
system (Figure 1) with multiple choice questions derived
from books “Stomatologie” (in Czech) and “Dentistry and
Oral diseases” (in English).

5 Conclusions

Internet and Web 2.0 based e-learning tools are quickly
changing the traditional way of education, training and
knowledge dissemination. There are many data and know-
ledge sources and increasing possibilities for their use in
education and training mainly in the English language.
Multimedia linked to clinical cases can be stored in di-
gital educational libraries [17]. However, the use of these
sources in national languages is also very important. We
described approaches to biomedical informatics educa-
tion in undergraduate and doctoral studies held in Czech
and English languages at Charles University in Prague
and different e-learning tools supporting educational pro-
cesses.
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