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1. Introduction

1.1 Why Do We Need Health
and Medical Informatics Education?

Throughout the world, healthcare
professionals often lack knowledge of
the possibilities and limitations of
systematically processing data, informa-
tion and knowledge and of the result-
ing impact on quality decision-making.

Recommendations of the

International Medical Informatics
Association (IMIA) on Education
in Health and Medical Informatics

Abstract: The International Medical Informatics Association (IMIA) agreed
on international recommendations in health informatics/medical informat-
ics 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 health and medical informatics (HMI), particularly
international activities in educating HMI specialists and the sharing of
courseware.

The IMIA recommendations centre on educational needs for healthcare pro-
fessionals to acquire knowledge and skills in information processing and
information and communication technology. The educational needs are
described as a three-dimensional framework. The dimensions are: 1) profes-
sionals in healthcare (physicians, nurses, HMI professionals, ...), 2) type of
specialisation in health and medical informatics (IT users, HMI specialists)
and 3) stage of career progression (bachelor, master, ...).

Learning outcomes are defined in terms of knowledge and practical skills for
healthcare professionals in their role (a) as IT user and (b) as HMI specialist.
Recommendations are given for courses/course tracks in HMI as part of
educational programs in medicine, nursing, healthcare management,
dentistry, pharmacy, public health, health record administration, and infor-
matics/computer science as well as for dedicated programs in HMI (with
bachelor, master or doctor degree).

To support education in HMI, IMIA offers to award a certificate for high
quality HMI education and supports information exchange on programs and
courses in HMI through a WWW server of its Working Group on Health and
Medical Informatics Education (http://www.imia.org/wg1).
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They are often asked to use information
technologies of which they have limited
appreciation, in order to enhance their
practices through better use of informa-
tion resources. However, for systemati-
cally processing data, information and
knowledge in medicine and in health-
care, healthcare professionals who are
well-trained in medical informatics or
health informatics are needed!. It will

' The meaning of the terms health informatics

and medical informatics varies within and
between different nations. Both terms will be
used here interchangeably in a broad and
comprehensive manner, in terms of the
discipline dealing with the systematic pro-
cessing of data, information and knowledge for
optimal decision-making in medicine and
healthcare. In order to recognize this point of
view, the term health and medical informatics
(HMI) will normally be used.
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only be through improved education of

healthcare professionals and through an

increase in the number of well-trained
workers in health and medical infor-
matics that this lack of knowledge and
associated skills can begin to be reversed.

Health and medical informatics edu-
cation is of particular importance at the
beginning of the 21st century for the

following reasons ([8], p. 17):

1. progress in information processing
and information and communication
technology is changing our societies;

2. the amount of health and medical
knowledge is increasing at such a
phenomenal rate that we cannot
hope to keep up with it, or store, or-
ganise and retrieve existing and new
knowledge in a timely fashion with-
out using a new information process-
ing methodology and information
technologies;

3. there are significant economic bene-
fits to be obtained from the use of in-
formation and communication tech-
nology to support medicine and
healthcare;

4. similarly the quality of healthcare is
enhanced by the systematic applica-
tion of information processing and
information and communication
technology;

5. it is expected, that these develop-
ments will continue, probably at least
at the same pace as can be observed
today;

6. healthcare professionals who are
well-educated in health or medical
informatics are needed to systemati-
cally process information in medicine
and in healthcare, and for the appro-
priate and responsible application
of information and communication
technology;

7. through an increase in scope and the
provision of high quality education in
the field of health and medical infor-
matics, well-educated healthcare
professionals world-wide are expect-
ed to raise the quality and efficiency
of healthcare.

1.2 IMIA-Recommendations
for Health and Medical Informatics
Education

There are different opportunities
world-wide for obtaining an education
in this field. In some countries there are

extensive educational components in
health and medical informatics at dif-
ferent levels of education and for the
different healthcare professions. Many
other countries have not, or at least not
sufficiently, established such oppor-
tunities until now, with all the con-
sequences concerning the quality and
effectiveness of healthcare.

According to its aims and because of
the situation just described, the Interna-
tional Medical Informatics Association
(IMIA, [9, 15]) felt the need to devel-
op international recommendations in
health and medical informatics educa-
tion. These recommendations shall help
to establish education in this field, to
further develop existing educational
activities in the various nations and to
support international initiatives con-
cerning education in health and medical
informatics.

Because a variety of educational and
healthcare systems exist all over the
world, programs, courses and course
tracks in health and medical informatics
may vary in different countries. In spite
of this variability, basic similarities in
health and medical informatics educa-
tion can be identified and used as a
framework for recommendations. Such
recommendations are also necessary for
enabling an international exchange of
students and teachers and for establish-
ing international programs.

The IMIA recommendations, pre-
sented here, have taken into considera-
tion the various existing, mainly nation-
al recommendations in health and med-
ical informatics education (e.g. [1, 2, 4,
6, 12-14]). The IMIA recommendations
should be regarded as a framework for
national initiatives in health and medi-
cal informatics education, and for con-
stituting international programs and ex-
change of students and teachers in this
field. They shall also encourage and
support the sharing of courseware.

2. General Considerations

2.1 Key Principles
of the IMIA-Recommendations

In order to provide good quality
healthcare, training and education in
health and medical informatics is need-
ed ([16], p. 537-47):

]

a

for various healthcare professions,

in different modes of education,
with different, alternate types of spe-
cialisation in health and medical in-
formatics, and

at various levels of education, at re-
spective stages of career progression.
There must be

qualified teachers to provide health
and medical informatics courses
which lead to

recognised qualifications for health
and medical informatics positions.

In more detail, ‘health’ means:
Practically all professionals in health-
care should, during their studies, be
confronted with health and medical
informatics education: e.g. physi-
cians, nurses, pharmacists, health-
care managers, health record admin-
istrators, and also health and medical
informaticians who are graduates
from specialised programs in health
and medical informatics. Computer
scientists/informaticians and other
scientists (e.g. engineers), who in-
tend to work in the fields of medicine
and healthcare also need health and
medical informatics education.
Various education methodologies
are needed to provide the theoretical
knowledge, practical skills and ma-
ture attitudes that are required. In
addition to traditional classroom-
based models, there are many differ-
ent models of flexible, distance and
supported open learning to be con-
sidered. The explosive growth of the
Internet and WorldWideWeb are
additionally having great impacts on
all educational methodologies, and
in particular will favour flexible and
distance learning. Inter-university
collaborations might also facilitate
curricular choice.

Alternate routes to different types of
specialisation in health and medical
informatics will depend on career
choice. The majority of healthcare
professionals (e.g. physicians, nurs-
es) need to know how to efficiently
and responsibly use information and
communication technology, but only
a few will choose to have accredited
specialisation in this field. They
should, however, also be able to ac-
quire an additional specialist qualifi-
cation in health and medical infor-
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matics as part of their chosen career
development. Health and medical
informatics specialisations may be
different to suit the various types of
healthcare professionals. Finally, it
should also be possible to acquire
specialist qualifications in health
and medical informatics via specific
health and medical informatics
programs leading to accreditation
at different levels, e.g. master or
Ph.D.

1 Every profession in healthcare even
at an early stage needs some core
health and medical informatics
knowledge. Different levels of edu-
cation, respectively stages of career
progression, (bachelor, master, doc-
tor, ...) have different health and
medical informatics education needs
according to experience, professional
role and responsibility. A junior pro-
fessional uses information differently
compared to a senior professional.
As well as there are specialised
health and medical informatics uni-
versity programs, health and medical
informatics instruction should be
integrated within other professional
educational programs (medicine,
nursing, informatics/computer sci-
ence etc.). Thus educational com-
ponents will vary in depth and
breadth to suit specific student
groups. Subsequent continuous edu-
cation programs in health and
medical informatics also need to be
available.

t The content and delivery of health
and medical informatics courses and
programs must be of good quality.
Teachers of health and medical
informatics courses must have
adequate and specific competence in
this field.

h There must be recognised qualifica-
tions in health and medical informat-
ics for positions in this field. Accred-
itation of educational content and
competence in health and medical in-
formatics is required, to eventually
have recognition on an international
basis.

The IMIA recommendations con-
centrate on the ‘dimensions’ h, a and, to
a certain extent, l. Comments on the
other components e, t and h, are given
in sections 6 and 7.
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Fig. 1

Structural outline of the IMIA recommendations on education in health and medical

informatics (HMI): knowledge and skills needed in HMI by students in healthcare, to get a
specialisation in HMI and to reach a career progression lead to learning outcomes in pro-
grams, and have to be transformed into educational components with appropriate depth

and breadth.

2.2 Structural Outline
of the IMIA-Recommendations

The IMIA recommendations centre
on educational needs for healthcare
professionals to acquire knowledge and
skills in information processing and in-
formation and communication technol-
ogy as it is needed and used in medicine
and healthcare. The educational needs
are described as a three-dimensional
framework with dimensions “profes-
sional in healthcare”, “type of special-
isation in health and medical informat-
ics” and “stage of career progression”
(Fig. 1). For these various educational
needs learning outcomes are suggested
(see section 3), either for courses?/
course tracks? in health and medical in-
formatics as part of educational pro-
grams (see section 4) or for dedicated
programs* in health and medical infor-
matics (see section 5).

2 Course: Unit of study consisting of a set of lec-
tures, exercises, ..., dedicated to a certain field,
e.g. “introduction to hospital information
systems”, “medical decision making”.

3 Course Track: Set of courses, dedicated to a
certain field as part of an educational program,
e.g. “health informatics” (as set of courses in
this field) in a nursing program.

4Program: An organised, structured set of
course offerings aimed at preparing partici-
pants for specific career paths and culminating
in a degree, diploma or leaving certificate, e. g.
program in “medicine”, “medical informatics”
(as dedicated program).

Figure 1 shall point out, that if one is
studying a certain discipline (e.g. medi-
cine to receive a bachelor degree), then
the IMIA recommendations suggest,
that in their study all these students
should get a minimum of education in
health and medical informatics, so that
they are able to efficiently use informa-
tion and communication technology (IT
users). This education will be formulat-
ed in Table 1, section 3, in the form of
learning outcomes. On the other side,
candidates may want to prepare for ca-
reers in health and medical informatics
(HMI specialists). Table 1 in section 3
will indicate, which education should be
given to them to become an HMI spe-
cialist. The study of HMI is somewhat
different. Here we have to interpret
Figure 1 in the sense, that learning out-
comes (also being given in Table 1 and
further explained in sections 4 and 5)
are defined to get a bachelor, master or
doctor degree in HMI. Per definition
this predefines an HMI specialist. There
are obviously different ways to become
a qualified HMI specialist.

3. Learning Outcomes

It is not possible today to refer to
standard curricula, but rather interest-
ing differences exist both within and
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Table 1a

Recommended learning outcomes in terms of levels of knowledge and skills for

professionals in healthcare either in their role as IT users or as health and medical informat-
ics (HMI) specialist. Obviously, between the specialisation of a healthcare professional as IT
user and a healthcare professional as a HMI specialist, various levels concerning depth and

breadth of learning outcomes exist.

Knowledge/Skill - Domain - Level
IT HMI
User Specialist
(1) Methodology and Technology for the Processing of
Data, Information and Knowledge in Medicine and Healthcare
1.1a Reasons for the necessity of systematically processing data, GG G 6
information and knowledge in medicine and healthcare
1.1b Benefits and current constraints of using information and SN G GG
communication technology in medicine and healthcare
1.1c Value of high quality data for successful patient and institutional GG GG
management.
1.1d Need for an organisational information strategy and trained GG G e
personnel
1.2 Efficient and responsible use of information processing tools, to GG v
support healthcare professionals’ practice and their decision < K I
making
1.3a General characteristics of health information systems e GG ES”
1.3b Management of information systems in healthcare GGG
KKK
1.3c Architectures and examples of health information systems, GGG
especially hospital information systems, office/practice information I
systems, to support healthcare professionals and managers of
healthcare institutions
1.3d Architectures and examples of information systems to support GGG
patients and the public I I
1.3e Architectures and examples of information systems to support GGG
policy makers and managers of community/district/regional KK
healthcare services
1.4 Use of application software for documentation, personal communi- | &~ GG
cation including Internet access, for publication and basic statistics | 3« 3« WK
1.5 Information literacy: library classification and systematic health S e SR
related terminologies and their coding, literature retrieval methods |3« 3<s<HRA | 3< < ¢
1.6a Appropriate documentation and health data management oo HRA | gorg o
principles including ability to use health and medical coding < I 5<HRA | 3< < 5¢
systems
1.6b Construction of health and medical coding systems and their G e GGG
representation principles <5< KKK
1.7 Structure, design and analysis principles of the health record S G e GGG
including notions of data quality, minimum data sets, general < 5< I I I
applications of the electronic health record
1.8a Appropriate decision making, using and constructing guidelines S S G |GGG
and critical paths KKK WK K
1.8b Constructing tools for decision support and their application to P GGG
patient management, acquisition, representation and engineering KKK
of medical knowledge
1.9 Principles of practice evaluation and evidence based practice +HRA G e
<HRA <
ﬁecommended level of knowledge: & introductory érémintermediate  &~a~aadvanced
Recommended level of skill: <:introductory KXintermediate 3<3<3<:advanced
&, X large size: recommended for all professionals in healthcare
4, < small size: recommended for certain professionals in healthcare

HRA: Health Records Administration

between countries. A clear trend how-
ever in curriculum design is the coming
together of competence requirements
in information processing, information
systems and technologies and compe-
tence requirements in information man-
agement, i.e. how to effectively use
information and communication tech-
nology to support appropriate decision-
making and evidence based practice.

This trend also relates to the evolution
of concepts of the multi-disciplinary
information sharing that is needed for
successful decision-making and quality
management both in healthcare and in
other domains.

For education in health and medical
informatics two kinds of major learning
outcomes can be identified. They speci-
fy the

1. Learning outcomes for all healthcare
professionals in their role as IT users:

Enabling healthcare professionals
to efficiently and responsibly use in-
formation processing methodology
and information and communication
technology. These learning outcomes
need to be included in all undergrad-
uate curricula, leading to a health-
care professional qualification. On
the other hand there are:

2. Learning outcomes for health and
medical informatics specialists: Pre-
paring graduates for careers in health
and medical informatics in academic,
healthcare (e.g. hospital) or industri-
al settings. These learning outcomes
need to be included in all curricula,
leading to a qualification as specialist
in health and medical informatics.
Clearly for the health professional

gaining knowledge and skills in health

and medical informatics, various levels
can exist concerning depth and breadth
of educational components.

The learning outcomes define the
levels of knowledge and practical skills
needed. The desired outcomes de-
termine the educational components
either in courses/course tracks in health
and medical informatics as part of
educational programs or as dedicated
programs in health and medical infor-
matics.

Table 1 contains the list of learning
outcomes, recommended by IMIA.
These are specified as levels of knowl-
edge and practical skills. There is a dis-
tinction between three levels of knowl-
edge and skills: 1) introductory knowl-
edge/skills, 2) intermediate knowledge/
skills and 3) advanced knowledge/skills.
Knowledge and skills which are de-
scribed as optional are recommended if
the research profile of the university/
school offering a program includes
these fields and if it fits well into a pro-
gram. The knowledge and skill levels
are classified into three domain areas of
knowledge and skill:

1. Methodology and technology for the
processing of data, information and
knowledge in medicine and health-
care.

2. Medicine, health and biosciences,
health system organisation.

3. Informatics/computer science, math-
ematics, biometry.
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All healthcare professional gradu-
ates 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
health and medical informatics special-
ists, should have the levels of knowl-
edge and skills specified for them.

In order to achieve the learning out-
comes mentioned above, their educa-
tional components should be consid-
ered for inclusion into the respective
educational programs.

The levels of knowledge and skills
mentioned may particularly work well
for developed, industrialised countries,
with high levels of access to, and use
of, information technology, and which
have highly developed healthcare
infrastructures. Developing countries
may at the beginning have the need to
adapt them with regard to the level of
technology. The principles of health
and medical informatics, however, can
still be taught, applied and developed
in the absence of high levels of infor-
mation and communication technol-
ogy.

Recommendations, either specific
for certain courses or course tracks in
health and medical informatics as part
of educational programs or specific
for dedicated educational programs in
health and medical informatics, are
mentioned in sections 4 and 5.

4. Courses/Course Tracks
in Health and Medical
Informatics as Part

of Educational Programs

4.1 General Remarks

Educational course components in
health and medical informatics should
be tailored to the student’s advance-
ment and where possible be made rele-
vant for and used to support a given
stage of student progression. For exam-
ple, teaching about the patient record
for students of medicine should be in-
troduced after the student has gained
some clinical experience, but not too
late so that students can benefit from
this knowledge in the latter stages of
their clinical training.

Due to the afore-mentioned large
variety, there exist different perspec-
tives for health and medical informatics
education. For health and medical in-
formatics specialists we especially can
distinguish between a more informatics-
based and a more healthcare-based
approach to health and medical infor-
matics education, with a variety of com-
binations in-between.

The objective of an informatics-based
approach to health and medical informat-
ics is to focus on the processing of data,
information and knowledge in healthcare
and medicine with a strong emphasis on
the need for advanced knowledge and
skills of health and medical informatics,
of mathematics, as well as of theoretical,
practical and technical informatics/com-
puter science. Healthcare problems, how-

Table 1b Recommended learning outcomes in terms of levels of knowledge and skills for
professionals in healthcare either in their role as IT users or as HMI specialist. Obviously,
between the specialisation of a healthcare professional as IT user and a healthcare profes-
sional as a HMI specialist, various levels concerning depth and breadth of learning outcomes
exist. Additional recommendations, specific for a certain educational program, will be add-

ed in sections 4 and 5.

Knowledge/Skill - Domain - Level
IT HMI
User Specialist
Methodology and Technology for ... (continued)

1.10 Health telematics approaches, electronic commerce in health e v

< <

1.11 Data analysis using primary and secondary data sources, analysis | &~ N ES G
of business (operational) processes, biostatistics and I K
epidemiology

1.12 Medical signal processing P GG e PSP

5<3<P,SP

1.13 Medical image processing arP GG e PSP

s<3<P,SP

1.14 Bioinformatics (optional) GGG

KX

1.15 Medical physics, including radiotherapy (optional) ;ﬁ;{@f

1.16 Medical robotics (optional) &6 6"

KX
1.17 Biomedical Modelling (optional) GG 6"
KX

1.18 Ethical issues including accountability of healthcare providers and | &~ e
managers and HMI specialists and the confidentiality, privacy and |s< K<
security of patient data

1.19 Standards in health and medical informatics e

1.20 Informatics methods and tools to support education (incl. flexible |4~ e
and distance learning), use of relevant educational technologies,
incl. Internet and World Wide Web

(2) Medicine, Health and Biosciences, Health System Organisation

2.1 Fundamentals of human functioning and biosciences (anatomy, & arar X
physiology, microbiology and clinical disciplines such as internal < < X
medicine, surgery etc.)

2.2 Fundamentals of what constitutes health, from physiological, & arer X
sociological, psychological, nutritional, emotional, environmental, < < X
cultural, spiritual perspectives and its assessment

2.3 Diagnostic and therapeutic strategies & arer X

< ¢ X

2.4 Organisation of the health system & arar X

< s X

2.5 Health administration, health economics, health quality and arer X
resource management, public health services and outcome X
measurement

Recommended level of knowledge: & introductory ¢ intermediate  awaradvanced

Recommended level of skill: ¥<:introductory ¥K¥<:intermediate 3<3<3<:advanced

&, < large size: recommended for all professionals in healthcare )
o, 3 _small size: recommended for certain professionals in healthcare; see respective footnote

P: recommended for physicians; P,SP: recommended for physicians and for HMI profession-
als; X: Minimum knowledge and skills in medicine, health and biosciences, health system
organisation, recommended e.g. for students of dedicated HMI programs, of health record
administration programs and of computer science/informatics students at bachelor and

master level.
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Table 1c

Recommended learning outcomes in terms of levels of knowledge and skills for

professionals in healthcare either in their role as IT users or as HMI specialist. Obviously,
between the specialisation of a healthcare professional as IT user and a healthcare profes-
sional as a HMI specialist, various levels concerning depth and breadth of learning outcomes
exist. Additional recommendations, specific for a certain educational program, will be add-

ed in sections 4 and 5.

Knowledge/Skill - Domain - Level
IT HMI
User Specialist
(3) Informatics/Computer Science, Mathematics, Biometry
3.1 Basic informatics terminology like data, information, knowledge, &, GGG
hardware, software, computer, networks, information systems, I I I
information systems management
3.2 Using personal computers, text processing and spread sheet GG S e
software, easy-to-use database management systems I I I I I
3.3 Ability to communicate electronically, including electronic data GG GG
exchange, with other healthcare professionals I I K I I I
3.4 Methods of practical informatics/computer science, especially on G ar6-BIM
programming languages, software engineering, databases, < 3¢ 5< BIM
database management systems, information and system
modelling tools, information systems theory and practice, decision
support, knowledge engineering, (concept) representation and
acquisition, networking, telecommunications, general issues
concerning the human-computer interface, cognitive aspects of
information processing
3.5 Methods of informatics/computer science theories arerar BM
< BM
3.6 Methods of informatics/computer science technologies including arerer BM
virtual reality, multimedia <3<« BM
3.7 Change management principles and terminology and GG ENES G
methodology of project management < KK
3.8 Mathematics: algebra, analysis, logic, numerical mathematics, G erar BIM
probability theory and statistics s<s<s< BIM
3.9 Biometry, including study design, evaluation methods & & 6
<
Recommended level of knowledge: <. ~introductory &6 intermediate  &a~amadvanced
Recommended level of skill: 3<:introductory <intermediate 3<3<3<:advanced
&, 3< large size: recommended for all professionals in healthcare
&, < small size recommended for certain professionals in healthcare; see respective footnote

B/M: recommended for bachelor programs in HMI, based on an informatics-based approach
to HMI (see section 5), necessary knowledge and skills for entering a master program in HMI,
based on an informatics-based approach to HMI

ever, can be treated cooperatively with
physicians and other healthcare profes-
sionals. In such an approach to health and
medical informatics education knowl-
edge and skills of informatics/computer
science predominate.

The objective of a healthcare-based
approach to health and medical infor-
matics is to focus on the processing of
data, information and knowledge in
healthcare and medicine requiring,
apart from knowledge in health and
medical informatics, also knowledge in
medicine or of other health sciences to
such an extent, which can only be im-
parted within the scope of a medical or
health science education. In such an

approach to health and medical infor-
matics education knowledge and skills
of medicine and of other health sciences
predominate.

The recommendations, given in sec-
tion 4.2 and 4.3 for health and medical
informatics specialists are recommen-
dations for healthcare-based approach-
es to health and medical informatics.
The recommendations in sections 4.4
and 5.2 are oriented towards an infor-
matics-based approach. With respect to
educational progression, especially for
a bachelor, master, and doctoral degree,
the general distinctions in depth and
breadth should be considered as men-
tioned in section 5.

4.2 Recommendations

for Health and Medical Informatics
Courses as Part of Medical, Nursing,
Healthcare Management, Dentistry,
Pharmacy, and Public Health
Programs

Courses/Course Tracks for IT Users

In order to achieve the levels of
knowledge and skills in health and
medical informatics as recommended in
section 3 for IT users, the total student
workload for educational components
in health and medical informatics
should comprise at least 2 ECTS cred-
its® (see [3]). Specific examples from the
work of the respective health profes-
sionals should be wused. Emphasis
should particularly be given to practical
training.

The additional recommendations of
this section may also apply to the pro-
grams of other professions in healthcare
such as medical laboratory technicians,
medical librarians, radiology techni-
cians, dieticians, occupational thera-
pists etc. or for the programs allied
health/clinical ~ researchers studied.
These people also need to know about
the potentials and the risks of informa-
tion processing in healthcare and be
able to efficiently use methods and tools
of information processing and informa-
tion and communication technology.

Courses/Course Tracks for Health
and Medical Informatics Specialists

In order to achieve the levels of
knowledge and skills in health and
medical informatics, as recommended
in section 3 for specialists, the student
workload associated with these educa-
tional components in health and medi-
cal informatics should be at least 60
ECTS credits, i.e. one year of full time
studies. This is similar to dedicated
master programs in health and medical
informatics.

In the European Credit Transfer System
(ECTS, [3]) a full academic year’s student
workload is 60 credits. Two ECTS credits can
correspond, e.g., to approx. 40 hours of lec-
tures, exercises and practical training at univer-
sities. A course, charged with two ECTS cred-
its, may e.g. consist of a 3-hour/week lecture
given in one semester with 14 weeks of lec-
turing.
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In addition to the ‘core’ knowledge
and skills obtained in each program, the
relative amount of student workload for
the three knowledge and skills areas
inside the health/medical informatics
course track should approximately be
as indicated in Table 2.

For all healthcare professionals area
(2) should focus on health system or-
ganisation, area (3) on practical infor-
matics and project management. For
nurses it should be possible that special-
isation can be included in a post regis-
tration nursing curriculum. For health-
care managers knowledge and practical
skills of information systems architec-
tures and information systems manage-
ment should particularly comprise en-
terprise functions for administration,
controlling, quality management and
executive decision making.

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

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

For educating health record adminis-
trators, two different levels of education
are recommended:

— A first level should cover introduc-
tory concepts and principles and as-
sumes an introductory skill level.
Students at this level take e.g. a two-
or three-year prescribed course of
study at a college level resulting (e.g.
in the U.S.) in an associate’s degree.

— At a second level a deeper under-
standing of knowledge and more
advanced skills, developing problem
solving and critical thinking skills in
more depth is assumed. Students at
this level take e.g. a three- or four-
year prescribed course of study re-
sulting in a bachelor degree. Further
studies may follow.

Courses/Course Tracks for IT Users

Health record administration stu-
dents at the mentioned first level can be
regarded as IT users. The recommenda-

Table2 Recommended student workload in ECTS credits for the three knowledge and skill
areas of health/medical informatics course tracks inside programs of medicine and other

health sciences.

Knowledge/Skill Area

Program
Medicine,
Nursing,
Healthcare
Management,
Dentistry,
Pharmacy,
Public Health

knowledge in medicine and healthcare

(1) | methodology and technology for the processing of data, information and 40

(2) | medicine, health and biosciences, health system organisation 5

(3) |informatics/computer science, mathematics, biometry 15

60

Table 3 Recommended student workload in ECTS credits for the three knowledge and skill
areas of a health/medical informatics course track inside informatics/computer science

programs.
Program
Knowledge/Skill Area Informatics/
Computer Scence
(1) | methodology and technology for the processing of data, information and 40
knowledge in medicine and healthcare
(2) [medicine, health and biosciences, health system organisation 15
(3) | informatics/computer science, mathematics, biometry 5
) 60

Table 4 Recommended student workload in ECTS credits for the three knowledge and skill
areas of a health/medical informatics bachelor program.

Program
Knowledge/Skill Area Health/Medical
informatics
(bachelor)
(1) | methodology and technology for the processing of data, information and 50
knowledge in medicine and healthcare
(2) | medicine, health and biosciences, health system organisation 20
3 informatics/computer science, mathematics, biometry 110
) 180

tions on levels of knowledge and skills
are the same as for IT users, mentioned
in section 4.2. Particular emphasis
should be given to information literacy,
health terminology, coding systems, the
electronic health record, and evalua-
tion methodology. There should be
introductory knowledge and skills in
the knowledge/skill-domain medicine,
health and biosciences, health systems
organisation.

Courses/Course Tracks for Health
and Medical Informatics Specialists

Students of health record administra-
tion programs, respectively health in-
formation management programs, who
lead to bachelor and master degrees
should have the knowledge and skills of

HMI specialists, as mentioned in sec-
tion 4.2. Again, special emphasis should
be given to information literacy, health
terminology, coding systems, the elec-
tronic health record, and evaluation
methodology.

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

Courses/Course Tracks for Health
and Medical Informatics Specialists

In order to achieve the levels of
knowledge and skills in health and med-
ical informatics, recommended in sec-
tion 3 for specialists, the length of
studies for educational components in
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Table 5 Recommended student workload in ECTS credits for the three knowledge and skill
areas of a health/medical informatics master program.

Program
Knowledge/Skill Area Health/Medical
informatics
(master)
(1) | methodology and technology for the processing of data, information and 40
knowledge in medicine and healthcare
(2) [ medicine, health and biosciences, health system organisation 10
(3) |informatics/computer science, mathematics, biometry 10
) 60

health and medical informatics 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 sci-
ence, the relative amount of student
workload for the three knowledge and
skills areas inside the health/medical
informatics course track should approx-
imately be as indicated in Table 3.

The student workload in (3) compris-
es knowledge and skills in biometry and
evaluation methods. Applying methods
and tools of informatics in healthcare
institutions and for concrete problems
in diagnosis, therapy, nursing and
healthcare management should be em-
phasised. This helps to learn to know
the healthcare environment as infor-
matics or computer science student.
Health information systems manage-
ment should include the development
and implementation of software and
hardware components of health infor-
mation systems. In medical signal and
image processing technical and infor-
matics aspects should particularly be
considered.

5. Dedicated Educational
Programs in Health
and Medical Informatics

5.1 General Remark

The aim of all dedicated programs
in health and medical informatics is to
prepare graduates for careers in health
and medical informatics in academic,
healthcare (e.g. hospital) or industrial
settings.

5.2 Recommendations for Bachelor
Programs in Health and Medical
Informatics

For programs leading to a bachelor
degree in health informatics or medical
informatics, curricula should be appli-
cation-related, serving the purpose of a
direct preparation for the future profes-
sional activity. In addition they should
offer a good foundation for studying in
a master program in this field or in
related ones.

The objective of such a type of edu-
cation is to impart specialised knowl-
edge in the field of health and medical
informatics as well as skills in a practice-
oriented application of the acquired
knowledge. The intention is to provide
a practice-related education to qualify
for translating expertise gained in the
field of health and medical informatics
into practical activity, in conformity
with the state of knowledge. As com-
pared with the comprehensive formal
methodological foundation of a master
program, it is the practice-oriented ap-
plication that predominates.

In order to achieve the levels of
knowledge and skills in health and med-
ical informatics as recommended in sec-
tion 3, and in order to achieve a broad
depth and breadth of all educational
components, the length of study for
educational components in health and
medical informatics should be at least
three years. This corresponds to a stu-
dent workload of at least 180 ECTS
credits.

For an informatics based approach to
health and medical informatics, the rel-
ative amount of student workload for
the three knowledge and skills areas

for the bachelor program should be ap-
proximately as indicated in Table 4.
This composition can be varied from
very strong technical IT skill acquisition
to less IT skill and a stronger health
application focus, depending on the
desired learning outcomes.

5.3 Recommendations for Master and
Doctoral Programs in Health and
Medical Informatics

For programs leading to a master or
doctoral degree (e.g. Ph.D.), it is the
comprehensive formal methodological
foundation for health and medical
informatics that predominates, at a for-
mal level.

The objective is to provide an educa-
tion of scientific character that includes
theory, specialised knowledge and prac-
tical skills. Graduates shall, apart from a
practice-oriented application of meth-
ods and tools from health and medical
informatics, be enabled to independent-
ly participate in research and in the
methodical advancement within the
field of health and medical informatics.
In contrast to bachelor programs, these
higher degrees include formal penetra-
tion and abstraction as well as the afore-
mentioned qualification of graduates
independently contributing to the meth-
odical and scientific advancement that
predominates.

In order to achieve the levels of
knowledge and skills in health and med-
ical informatics as recommended in
section 3, and in order to achieve the
desired broad depth and breadth of the
educational components previously
defined, the length of study should be at
least one year full time for a master
degree, corresponding to at least 60
ECTS credits. Ph.D. studies or Ph.D.
work should usually last three years.

The relative amount of study time
for the three knowledge and skills areas
for the master program should approxi-
mately be as indicated in Table 5.

It is expected that master students
have successfully finished either (a) a
bachelor program in health and medical
informatics, (b) a bachelor or master
program in medicine or another health
science, or (c) in computer science. For
cases (b) and (c) additional comple-
mentary courses in informatics/comput-
er science (for case (b)) or medicine,
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health and biosciences, health system
organisation (for case (c)) should be of-
fered.

For programs leading to a doctoral
degree, comprehensive own research
should be carried out independently by
the student in addition to the require-
ments previously mentioned. Knowl-
edge and skills should also have addi-
tional depth or breadth. This should
also be considered for the learning
outcomes of sections 3 for depth and
breadth of educational components
when transforming them to educational
components in doctoral programs.

6. Continuing Education

6.1 Continuing Education in Health
and Medical Informatics

To prove sufficient qualification in
health/medical informatics both in rela-
tion to the academic education or con-
tinuing education in health and medical
informatics and in relation to a suc-
cessful at least four-year professional
activity (operational qualification), a
certificate of “Health Informatics” or
“Medical Informatics” should be of-
fered.

Furthermore, for physicians, who
usually have well established forms of
continuing education, there should be
offered the possibility of receiving, in
addition to their medical degree, the
supplementary qualification of “Medi-
cal Informatics” or “Health Infor-
matics”. This additional qualification
can be issued by the national medical
associations. The same holds for nurses,
for whom in many countries also forms
of continuing education are very well
established.

In order to offer courses in health
and medical informatics for continuing
education, it is recommended that insti-
tutions are established to provide such
courses. These institutions might be in-
side universities or, e.g. as academies of
health/medical informatics established
by associations in health and medical
informatics.

6.2 Life Long Learning

Working in the field of health and
medical informatics and even using in-

formation and communication technol-
ogy requires life long learning. There-
fore opportunities for continuing edu-
cation should be offered for HMI spe-
cialists as well as I'T users of the various
health professions. The ability of ‘learn-
ing to learn’ will become of particular
importance.

7. Other Recommendations

7.1 How to Commence with Health
and Medical Informatics Education

Health and medical informatics af-
fects all healthcare professionals. To
commence education in this field IMIA
recommends that education in health
and medical informatics for all types of
healthcare professionals, including the
different types of specialisation and lev-
els of education is considered. In coun-
tries, where no education in health and
medical informatics exists, the follow-
ing steps are recommended.

First of all teachers have to be edu-
cated (‘teach the teachers’), courseware
has to be prepared and institutes for
health informatics or medical informat-
ics have to be established within univer-
sities, usually inside medical or health
sciences faculties. A broad education in
the use of information processing and
information and communication tech-
nology for healthcare professionals, es-
pecially physicians and nurses, should
have the first priority. Thus, introducto-
ry courses especially for medical and
nursing students should be offered first.
Other types of education, as mentioned
above, should then follow.

7.2 Modes of Education

Certain modes of education should
be chosen, considering the specific pro-
file and possibilities of the respective
universities. Besides lectures it is of im-
portance that practical exercises within
healthcare institutions (e.g. in hospi-
tals) are offered. Besides ‘traditional’
lectures and exercises within univer-
sities, and given the explosive growth of
the Internet and WorldWideWeb, dif-
ferent models of flexible, distance and
supported open learning should be ac-
tively pursued. Problem-oriented learn-
ing might particularly support the rele-

vance of health and medical informatics
as it requires integration of information
and a cross-disciplinary understanding.

7.3 Qualified Teachers

Courses and programs in health and
medical informatics must be of good
quality. Teachers of courses in health
and medical informatics must have ade-
quate and specific qualifications in this
field. It must be possible to obtain such
qualifications for lecturing in health and
medical informatics, usually from uni-
versities.

7.4 Recognised Qualifications

Education of students in health and
medical informatics, which goes beyond
introductory courses in the use of infor-
mation and communication technology,
only makes sense if positions for these
graduates exist or are created. The
qualifications of such health and medi-
cal informatics graduates must be rec-
ognised and there should be positions
as specialists in health and medical in-
formatics.

8. IMIA Support for Programs
and Courses in Health and
Medical Informatics

8.1 IMIA Certification

To support education of high quality
in the field of health and medical infor-
matics, IMIA offers help by providing
expert advice to persons and institu-
tions in this field, as far as the resources
of IMIA allow. This might especially be
needed when commencing with educa-
tional activities and when national insti-
tutions are not yet established to do
this.

Health and medical informatics
courses inside programs and in special-
ised programs in this field can upon re-
quest add to the description of their
course track or program the phrase ‘en-
dorsed by the International Medical In-
formatics Association’ and can use the
IMIA logo in this context.

This is conditional to the IMIA rec-
ommendations being fulfilled and once
the quality of the program, including
organisational integration and resourc-
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es, has been assessed by IMIA ap-
pointed experts. Single courses can
not be considered, only course tracks or
programs.

The fulfilment of the recommenda-
tions and the assessment of the quality
of the program will be examined by a
committee usually consisting of 4 IMIA
WG1 members or other persons, expe-
rienced in HMI education, and will be
approved by the IMIA president and
the chairperson of IMIA WGI1. The
members of this committee will be
nominated jointly by the IMIA presi-
dent and by the chairperson of IMIA
WGI.

After approval, a written certificate,
signed by the IMIA president, the
chairperson of IMIA Working Group 1
on Health and Medical Informatics Ed-
ucation, and by the committee mem-
bers, will be given to the respective or-
ganisation.

Requests should be submitted to
the chairperson of IMIA Working
Group 1.

8.2 International Programs,
International Exchange of Students
and Teachers

IMIA encourages and recommends
international activities in educating
health and medical informatics special-
ists. IMIA also recommends the inter-
national exchange of students and of
teachers in this field. It encourages the
establishment of international pro-
grams to support this and to exchange
courseware. Programs should be built
up in a modular way, and international
credit transfer systems such as the
ECTS [3] should be used in the re-
spective national programs to support
these international perspectives.

9. Information Exchange on
Programs and Courses in
Health and Medical Informat-
ics Supported by IMIA

9.1 IMIA WGI Database
on Programs and Courses in Health
and Medical Informatics

IMIA’s Working Group 1 on Health
and Medical Informatics Education

(IMIA WGT1) has established a WWW
site to provide up-to-date information
about its work [10]. The main feature
of the site is a database providing infor-
mation on health and medical informat-
ics programs and courses world-wide
[7]. To be able to have a database
of high quality and value IMIA encour-
ages all teachers and institutions to
submit information about courses and
programs on HMI education offered
and to set pointers to their own WWW
sites.

9.2 IMIA WGI Mailing List

In addition, IMIA WG1 operates a
mailing list to facilitate communication
between all persons interested in health
and medical informatics education
world-wide. For subscription, a message
has to be sent to “listserv@urz.uni-hei-
delberg.de”. The body of the message
should read “SUBSCRIBE IMIA-
WG1”. Messages to the IMIA WG list
have to be sent to ‘““imia-wgl@urz.uni-
heidelberg.de”.

9.3 Developing and Sharing
Courseware

IMIA encourages the development
and sharing of courseware of high qual-
ity for courses in health and medical in-
formatics. This will help to further es-
tablish courses in this field. Examples
for such initiatives are the IT Eductra
project of the European Union [11]
or the WWW sites of the Handbook
of Medical Informatics [16]. IMIA
encourages the use of its IMIA WG1
WWW server and list server for the dis-
semination of information about such
courseware.

10. Concluding Remarks

These recommendations provide a
beginning framework for individual
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 compe-
tencies required for each level and
knowledge/skill domain. Such national
efforts are expected to inform future

reviews of these guidelines. The IMIA
WG1 may in the near future develop
teaching credentialling criteria to serve
as a guide for teachers wishing to partic-
ipate in health and medical informatics
education.
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Errata

Method Inform Med 2000; 39: 134-7:

In the article entitled “A Network
Inversion Technique for Estimating
Equivalent Dipole Description of Vi-
sual Evoked Potential” by Y. Hayashi,
Y. Kosugi and B. He, Figure 1 has been
exchanged due to a technical error. The
correct Figure 1 is printed on the right.

We apologize for this error.

Scalp potential

Fig. 1

The con-
cept of the
inverse
estimation

Spherical Potential

of dipoles.

Method Inform Med 2000; 39: 179-82:

In the article entitled: “Integration of
High Resolution EEG and Functional
Magnetic Resonance in the Study of
Human Movement-Related Potentials”
by F. Babiloni, F. Carducci, F. Cincotti,
C. Del Gratta, G. M. Roberti, G. L. Ro-

mani, P. M. Rossini, C. Babiloni, the
authors would like to correct the follo-
wing affiliations:

F. Babiloni is with the 'Department
of Human Physiology and Pharmacolo-
gy, University of Rome “La Sapienza”,

Rome, Italy, and 2Lab. of Computatio-
nal Engineering, Helsinki University of
Technology, Espoo, Finland.

F. Cincotti is with the IRCCS Foun-
dation “Santa Lucia”, Rome, Italy.
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