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Objective: To reflect about medical informatics as a discipline. To suggest significant future

research directions with the purpose of stimulating further discussion.

Methods: Exploring and discussing important developments in medical informatics from the

past and in the present by way of examples. Reflecting on the role of IMIA, the International

Medical Informatics Association, in influencing the discipline.

Results: Medical informatics as a discipline is still young. Today, as a cross-sectional disci-

pline, it forms one of the bases for medicine and health care. As a consequence considerable

responsibility rests on medical informatics for improving the health of people, through its

contributions to high-quality, efficient health care and to innovative research in biomedicine

and related health and computer sciences. Current major research fields can be grouped

according to the organization, application, and evaluation of health information systems,

to medical knowledge representation, and to the underlying signal and data analyses and

interpretations. Yet, given the fluid nature of many of the driving forces behind progress in

information processing methods and their technologies, progress in medicine and health

care, and the rapidly changing needs, requirements and expectations of human societies,

we can expect many changes in future medical informatics research. Future research fields

might range from seamless interactivity with automated data capture and storage, via infor-

matics diagnostics and therapeutics, to living labs with data analysis methodology, involving

sensor-enhanced ambient environments. The role of IMIA, the International Medical Infor-

matics Association, for building a cooperative, strongly connected, and research-driven

medical informatics community worldwide can hardly be underestimated.
Conclusions: Health care continuously changes as the underlying science and practice of

health are in continuous transformation. Medical informatics as a discipline is strongly

affected by these changes and is in a position to be a key, active contributor in these changes.

© 2010 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

1.1. Aim and structure

The aim of this essay is to reflect about medical informatics
as a discipline.

Its main goal is to emphasize some promising future
research directions which may become important parts of
medical informatics (Section 4) while at the same time stimu-
lating further discussion within our scientific community on
these topics. In order to do this, it is helpful to be aware of
important current aspects of the discipline (Section 3), and
learn from past experience (Section 2). In all of these sections,
emphasis will be placed on the role of IMIA, the International
Medical Informatics Association [1], in influencing the direc-
tion of our discipline.

1.2. Related work

This is most certainly not the first, and is unlikely to be the
last of this kind of reflection. Other debates about our dis-
cipline as a whole (or at least its major parts) can be found
in [2–7] (in chronological order). These papers focus on ques-
tions on research aims and their corresponding challenges.
Other papers focus more on research aims in the context
of describing the discipline of medical informatics ([8–18], in
chronological order).

Last, but not least, there exist some historical ‘milestones’,
where sets of papers have been gathered into special issues
of journals in order to critically discuss the aims, scope and
challenges of our discipline. Three of them, again with a focus
on questions of research aims, will be mentioned here. In 1983
a SCAMCI-sponsored workshop on ‘medical information sci-
ences’ took place in Washington (DC), USA, discussing among
other questions about “principal research issues” [19, p. 167].
Although its scope was broader, this issue contained a couple
of papers dealing with research (e.g. [20–22]). In 2001 in Madrid,
Spain, a conference on challenges for medical informatics as
an academic discipline took place. Major results have been
published in [23] (see e.g. [24–29]). In 2008 on the occasion of
the 35th anniversary of the Heidelberg/Heilbronn curriculum
of medical informatics a symposium on perspectives of med-
ical informatics took place in Heidelberg, Germany. Results
have been published in [30] (see e.g. [31–38]).

In this context it should be added that from time to time
documents from committees, established by government or
government-related institutions and professional societies,
also discuss such challenges, mainly in order to define funding
strategies or professional directions. Examples are published
in [39,40].

I still appreciate the generous offer of the now Editor Emer-
itus of the International Journal of Medical Informatics (IJMI),
Arie Hasman, for not only giving me the opportunity of pub-

lishing a paper in 1997 on the aims and tasks of medical
informatics [4], but also for his editing of a complete issue in
IJMI debating and significantly adding to my suggestions on
aims and tasks of medical informatics (e.g. [41]).
i n f o r m a t i c s 7 9 ( 2 0 1 0 ) 599–610

1.3. A modest definition of medical informatics

Many definitions of medical informatics as discipline can be
found in the literature aiming at broad coverage and complete-
ness. Here I simply want to refer to medical informatics as
the discipline, dedicated to the systematic processing of data,
information and knowledge in medicine and health care [42].

1.4. Limitations

First, reflections such as those in the present paper, are nec-
essarily subjective and biased by the author’s background, i.e.
his education, his professional career, his cultural and society
roots.

Second, this essay does not intend to discuss the name of
our discipline and its various subfields, although our disci-
pline has had more than its share of such discussions, and
even though such debates have been contributing to our disci-
pline’s development and its role in the practice of health care,
education and research. Let me just mention that the meaning
of the terms health informatics and medical informatics, and
now also biomedical informatics, varies within and between
different groups and geographical regions. The term medi-
cal informatics is used here in the broad and comprehensive
meaning as defined in Section 1.3. For a more detailed discus-
sion see e.g. [43]. Others may have preferred to use one of the
other two names, mentioned above.

2. Medical informatics—some milestones
of the past

2.1. On the history of medical informatics

Medical informatics as a discipline is still young, in particu-
lar when you compare it with other medical disciplines. Yet,
we can look back to a past of about 50 years, not to mention
earlier roots on approaches for systematically processing of
data, information and knowledge in medicine and health care
in earlier history.

Our discipline’s development correlates clearly with the
invention and, within few decades, rapid dissemination of
digital (‘von Neumann’) computers and the development of
information and communication tools based on these com-
puters. As important as this development in information and
communication technology (ICT), these tools enabled a sig-
nificant development in information processing methodology,
which made up the other part of these amazing developments.

Within the past decades societies in general, and medicine
and health care in particular, have tremendously changed,
also by the developments mentioned before. Through this
change health care has been significantly impacted and
improved. We can hardly imagine diagnostic procedures with-
out, for instance, diagnostic imaging tools such as computer
tomography, or therapeutic actions without the software that
checks for medication interactions or uses computer-assisted

tools for surgery, or for accessing medical knowledge without,
for instance, accessing knowledge bases on high-quality pub-
lications, and without accessing and recording patient data
in electronic records as part of computer-supported hospital

dx.doi.org/10.1016/j.ijmedinf.2010.06.003
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nformation systems. Just imagine medicine and health care
ithout information and communication technology. And be

ware of the information processing methodology, which would
e deeply missed.

In 2007 IMIA celebrated its 40 years of existence [44–48]. The
ssociation’s publication list on medical informatics research,
ducation, and practise [48], prepared for this occasion, pro-
ided an impressive example of how medical informatics has
eveloped so rapidly and effectively as a discipline.

The early roots of our discipline, including its name, have
een described by Collen in [49]. The report of the Reisensburg
onference in 1972, significantly affecting the medical infor-
atics development in Germany (and beyond), has for a long

ime been only accessible for a limited German-speaking read-
rship. Thanks to Moehr we are now all having the opportunity
o access this document [50,51]. A look at the history sections
f the IMIA Yearbooks of Medical Informatics [52] also illus-
rates how rapidly the field has developed. The history section
as introduced in 2006 with reports of Collen [53] and Peterson

54].
Although there have been several attempts to document

he history of our field, a comprehensive history of medical
nformatics, considering the developments in all regions of our
orld, is still missing. I am glad that the IMIA Board decided
t its 2009 meeting in Hiroshima that a task force, chaired by
asimir Kulikowski, has been established in order to prepare
framework for documenting the worldwide developments

n our field, so that during the next few years it will become
vailable—at the latest at IMIA’s 50th birthday.

.2. Looking back 50 years

et us now briefly look back 50, 25, and 10 years, to highlight
t least some of the milestones for this rapid and impressive
evelopment.

In 1959, 50 years ago, Ledley and Lusted’s landmark
aper on diagnostic decision-making appeared in Science

55], reviewing methods for handling decision-making under
isk and uncertainty, and providing the first comprehensive
iscussion needed for subsequent work on computer-based
edical decision-support.

.3. Looking back 25 years

n the period 1984/1985, 25 years ago, several papers, which
trongly influenced the development of medical informatics,
ere published, four of which I will comment on next.

van Bemmel presented a structural framework of medi-
cal informatics, which provided a basis for understanding
the scope of methodological and technological knowledge,
needed in this discipline [20].
Reichertz discussed functional and architectural perspec-
tives of hospital information systems [56]. Being both chief
information officer and director of research and education at
the Medical School in Hannover provided him with unique

insights into this kind of research.
Shortliffe highlighted the experimental characteristics of
our discipline with the implications for the research
methodology needed to achieve good scientific practice [22].
f o r m a t i c s 7 9 ( 2 0 1 0 ) 599–610 601

His paper was originally published in the proceedings of
another important workshop at this time, taking place in
Chamonix, France, on informatics and medical education
[57].

- Willems et al. reported about a then recently initiated inter-
national project, aimed at standardizing computer-derived
electrocardiogram analyses [58]. This project significantly
contributed to evaluating computer-based application sys-
tems for knowledge-based decision-support in general and,
in particular, their underlying concepts and methods. Six
years later the published study showed that some computer
programs for the interpretation of electrocardiograms per-
formed almost as well as cardiologists in identifying major
cardiac disorders [59] and so highlighted the relevance of
medical informatics for medicine and health care.

2.4. Looking back 10 years

In the years 1999/2000, 10 years ago, IMIA endorsed [60] and
published [61] the first international recommendations on
education in medical informatics. These recommendations
have been widely used and referenced, as well as being trans-
lated into many languages [62]. This document is a clear sign
of the international presence and maturity of medical infor-
matics as a discipline. Education in medical informatics grew
and flourished during these five decades and now takes place
in almost all countries, though at quite different levels.

In 1999 Gardner et al. reported on two decades of work on
the HELP system [63], and so on successfully implementing
knowledge-based decision-support as part of the information
system of the LDS hospital at Salt Lake City.

Both publications point out the growing maturity of med-
ical informatics. The IMIA recommendations on education
also show that a certain international consensus had been
achieved on the scope of medical informatics as a discipline.

3. Medical informatics—its role today and
snapshots of the present

3.1. The role of medical informatics today

In its early days medical informatics might have been con-
sidered as a ‘nice-to-have’ (but not ‘need-to-have’) discipline,
both in biomedicine and health sciences as well as in com-
puter science. In German this might be termed an ‘orchid
discipline’ as being just a nice orchid in the garden of the
sciences.

When looking back at the development of medical infor-
matics, we can recognize that it has been growing steadily
(see e.g. [64] in terms of published research), and that today,
as a cross-sectional or bridging discipline, medical informatics
forms one of the bases for medicine and health care. As a result
much is expected of medical informatics to help achieving
health for people throughout the world, both in contributing
to the quality and efficiency of health care and to innova-

tive biomedical as well as computer, health, and information
sciences research.

Medical informatics has changed today, insofar as, in addi-
tion to research and later education, many informaticians

dx.doi.org/10.1016/j.ijmedinf.2010.06.003
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Fig. 1 – Extracted clusters of 3660 articles belonging to 16 medical informatics journals, appearing between 2005 and 2008.

Details in [81], where this figure is taken from, p. 80.

are working in the practice of health care, e.g. in health care
institutions and in ‘health care ICT industries’. Informatics
methodology and ICT not only have become a major factor for
quality and efficiency of health care worldwide, but it has also
emerged as a major contributor to the worldwide ICT market.
While precise figures are difficult to estimate, some, indicat-
ing its significance (taken from [65], Section 2.3.2), show that
for the USA the estimated total expenditures of ICT equip-
ment and software in health care was about 21 billion US$
in 2007, or 8.1% of USA’s total ICT expenditures [66]. Reports
from the European Union (EU) state that the ‘eHealth industry’
in the EU (defined as comprising clinical information sys-
tems, telemedicine and homecare, and regional networks)
was estimated “to be worth close to 21 billion D in 2006”
and that the global eHealth industry “has the potential to be
the third largest industry in the health sector with a global
turnover of 50–60 billion D ” [67]. Many countries have estab-
lished programs to stimulate information and communication
technology applications in the eHealth segment, with invest-
ment estimated at between 50 million US$ and 11.5 billion US$

[68].

What is IMIA’s role in this context? As indicated in IMIA’s
statutes and on IMIA’s web site [1], the association’s goals and
objectives include:
- to promote informatics in health care, public health and
biomedical research;

- to advance international cooperation;
- to stimulate research, development and routine application;
- to move informatics from theory into practice in the full

range of health and care settings;
- to further the dissemination and exchange of knowledge,

information and technology;
- to promote education and responsible behaviour;
- to seek and maintain formal channels of communication

with any relevant professional or governmental organiza-
tion.

Covering all continents of the globe, more than 50 mem-
ber societies and more than 50 academic institutions belong
to IMIA. IMIA’s member societies represent over 50,000 indi-
viduals, while IMIA is recognized as one of the World Health
Organization’s (WHO) non-governmental organizations [69].

IMIA’s role is well defined by its objectives. IMIA supports
and stimulates high-quality translational communication,

research, education, and practice in medical informatics. This
is done by bringing together scientists, researchers and infor-
matics practitioners from across the world in an environment
of cooperation and sharing at IMIA’s conferences, with its Med-

dx.doi.org/10.1016/j.ijmedinf.2010.06.003
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info world congresses being the most prominent of them.
Publishing activities, with the IMIA Yearbook of Medical Infor-
matics as its ‘flagship’, and its endorsed and white paper
documents and recommendations form the other impor-
tant aspects of IMIA’s role today. Recent significant examples
include the recently revised IMIA recommendations on educa-
tion, led by Mantas et al. [70], the IMIA endorsed “statement on
reporting of evaluation studies in health informatics”, led by
Talmon [71], and IMIA’s strategic plan ‘towards IMIA 2015’, led
by Lorenzi and Murray [72–74], which also reflects on appropri-
ately positioning medical informatics as a discipline. Further
recent details and comments on IMIA can be found in reports,
published during my term as IMIA President [75–80].

3.2. Snapshot 1: searching for research fields by
clustering n-grams of medical informatics literature

To identify major current medical informatics research direc-
tions, I now offer three illustrative ‘snapshot’ examples.

In 2009 Schuemie et al. [81] published results of an
investigation, aiming at characterizing medical informatics
by studying its scientific literature. The authors analysed
MEDLINE referenced medical informatics articles published
between July 1993 and July 2008. Research fields were identi-
fied by extracting n-grams, or sequences of n words, occurring
either in titles or abstracts as stored in MEDLINE (n ∈ {1,2,3}).
Based on these n-grams, the authors then clustered articles by
using a minimum entropy algorithm. Details are described in
[81].

In Fig. 1 the extracted clusters of 3660 articles from 16
medical informatics journals are presented, appearing dur-
ing the last three years of their study, i.e. between 2005 and
2008. Schumie et al. suggest that, according to their analyses,
current medical informatics research concentrates on three
research fields. These fields are

(1) the organization, application, and evaluation of health
information systems,

(2) medical knowledge representation, and
(3) signal and data analysis.

Although the authors say that medical informatics as a dis-
cipline has remained relatively stable over the last 15 years
(the range of their analyses), they see certain shifts during the
last three years towards clinical provider order entry (CPOE)
and user evaluations, natural language processing, formal-
ization of guidelines, and the development of standards for
patient records.

3.3. Snapshot 2: identifying model types by indexing
medical informatics literature

Modelling is a central part of medical informatics research,
education and practice (e.g. [82]). In [42] seven non-disjoint
‘core model types’ for modelling biological, communication,
decision, engineering, educational, organizational, and com-

putational processes were distinguished.

In 2006 [83] and 2007 [84] Hasman and myself reported
about a retrospective, prolective observational study on pub-
lications of the two official journals IMIA, the International

dx.doi.org/10.1016/j.ijmedinf.2010.06.003
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otal/
his fi
Fig. 2 – MEDINFO full papers presented by subject areas (% t
percentages of the totals for the year. Details in [46], where t

Journal of Medical Informatics and Methods of Information in
Medicine. All 384 publications of the years 2004 and 2005 from
these journals have been analysed by us and were indexed
according to these seven model types. The results are shown
in Table 1. Details are described in [83,84].

Despite an unexpected high interobserver variability we
can see that the majority of papers could be assigned to types
of modelling either decision, engineering or communication
processes.

The identified major modelling types do not appear to
strongly correlate with the three research fields, identified in
the analysis of Schumie et al., although communication as
well as decision processes may primarily be in research on
the organization, application, and evaluation of health infor-
mation systems.

3.4. Snapshot 3: determining major subject areas of
medical informatics by categorizing Medinfo full papers

In his paper on coalescing medical informatics worldwide,
Kulikowski describes the development of medical informatics
as discipline from the viewpoint of the start and the devel-
opment of IMIA. Mayor research fields of medical informatics
were among others analysed by counting the number of full
papers at IMIA’s Medinfo world congresses. The seven sub-
ject areas have been taken from the IMIA Yearbook of Medical
Informatics 2006. Details are described in [46].

The results of the mentioned analysis are shown in Fig. 2.

We can see from this investigation that from this point of
view current major fields of medical informatics are decision-
support, health and clinical management, and patient records.
Again, research on the organization, application, and evalu-
year) between 1980 and 2004. All numbers in the table are
gure is taken from, p. 180.

ation of health information systems (here mainly in subject
areas 1, 2, and 3) dominate, together with research on medi-
cal knowledge representation (here mainly in subject area 5).
To some extent similar to [81], it could be seen that, with few
exceptions, the relative importance of these medical informat-
ics research fields (here rated by the frequency of publications)
has remained quite stable.

All fields of research can be assigned to the three applica-
tion areas:

- medical informatics contributing to good medicine and
good health for the individual,

- medical informatics contributing to good medical and
health knowledge, and

- medical informatics contributing to well-organized health
care.

4. Medical informatics—thoughts about the
future

4.1. Recapitulating the aims of medical informatics

Systematic processing of data, information and knowledge in
medicine and health care does not exist for its own sake. Medi-
cal informatics is neither sufficiently defined by its methodology
and technology on the one hand, nor by its application domain
(such as the three application areas mentioned before) on the
other hand. As usual for most disciplines, it also has practical

aims, which for medical informatics are twofold:

- to contribute to progress in the sciences and
- to contribute to high-quality, efficient health care.

dx.doi.org/10.1016/j.ijmedinf.2010.06.003
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Today and probably in the future, health care and human
ife style choices will become increasingly overlapping, as
he critical interrelationships and confluences become bet-
er understood. Insofar as the aim of high-quality, efficient
ealth care improves the quality of life, medical informatics
ill also contribute to improving the range of beneficial per-

onal choices and self-sufficiency (autonomy) for those living
ncreasingly longer in our aging societies.

.2. Driving forces of medical informatics

efore discussing important future research aims let us also
nvision and recall the driving forces of medical informatics,
nfluencing these research directions. As mentioned in Sec-
ion 3, we can see a couple of such driving forces influencing

edical informatics research. Three (by no means disjoint,
ndependent) major driving forces are

progress in information processing methodology and infor-
mation and communication technology,
progress in medicine and health care, and
changes in needs, requirements and expectations of soci-
eties.

Usually, as medical informaticians, we are quite well aware
f the latest developments in informatics and medicine. We
re very conscious that today we live in a highly inter-
onnected world with ubiquitous computing facilities and
ensor-enhanced ambient environments. In addition, as men-
ioned, health care and life styles overlap more and more, with
onsiderable consequences for information processing tools
nd the services that are expected of them.

In the future, sharing of knowledge for research and edu-
ation will take place increasingly on a global level. Medical
nformatics is included in this trend, which also effects the
fferings of products and services for health and health care

e.g. [85]) and is also affecting the organization of health care
nd the health ICT industry. As noted by Teilhard de Chardin
n the 1950s, we are developing towards a ‘noosphere’ of global
nowledge, interconnectedness and conscience [86]. We can
bserve that in addition to regional and national ‘ICT strate-
ies’ there are now also substantial activities on the global
evel. Considering the ‘information society’ as a new chal-
enge and opportunity, the United Nations (UN) implemented
n 2003 the ‘World Summit on the Information Society’ [87].

recent status report informed globally about national ‘e-
trategies’, including ‘eHealth’ as a branch [88]. WHO approved
t its 58th World Health Assembly in May 2005 an eHealth
esolution with a global commitment, urging WHO’s member
tates “to consider drawing up a long-term strategic plan for
eveloping and implementing eHealth services in the various
reas of the health sector” [89]. As a consequence, WHO estab-
ished an eHealth observatory, providing among other items,
lobal progress reports on informatics dissemination and its
mpact on quality and efficiency of care [90–92].
Regarding changes in the needs, requirements and expec-
ations of societies as driving force, significant change arises
ue to higher life expectancies. Quoting from a recent UN
eport [93]:
f o r m a t i c s 7 9 ( 2 0 1 0 ) 599–610 605

- “Population ageing is unprecedented, a process without par-
allel in the history of humanity. . . . At the world level, the
number of older persons [persons aged 60 years or over] is
expected to exceed the number of children [persons under
age 15] for the first time in 2045. . . . Population ageing . . . is
affecting nearly all the countries of the world.” [93, p. viii];

- “In 2000, the population aged 60 years or over numbered 600
million, triple the number present in 1950. In 2009, the num-
ber of older persons had surpassed 700 million. By 2050, 2
billion older persons are projected to be alive, implying that
their number will once again triple over a span of 50 years.
. . . The population of older persons is itself ageing. Among
those aged 60 years or over, the fastest growing population
is that of the oldest-old, that is, those aged 80 years or over.”
[93, p. ix];

- “Between 1950 and 2009, the potential support ratio [the
number of persons aged 15 to 64 for each older person aged
65 years or over] declined from 12 to 9 potential workers per
person aged 65 or over. By 2050, the potential support ratio
is projected to drop further to reach 4 potential workers per
older person” [93, p. x].

In particular, the tremendous reduction of the potential
support ratio, an indicator of how many potential workers
there are per older person, has dramatic economic and health
implications for societies. It also suggests that there is greater
urgency for changing lifestyles, including health care, which
can be considerably aided or enhanced by informatics tools
and services.

4.3. Two views on important future research fields

As mentioned in the beginning, the main goal of this essay is
to discuss important future research fields in medical infor-
matics. Important means here that – based on the aim of
medical informatics – these research fields are of significant
originality, i.e. that they significantly introduce and explore
new theories, concepts or methods and that these fields are
of significant relevance, i.e. that they significantly contribute
to efficient, high-quality health care and to improvements in
quality of life and/or to the progress of biomedicine and the
computer, health and information sciences.

Let me now take two different points of view in order to
present important future research fields. The first one might
be regarded as the more traditional one, being an ‘evolution-
ary’ approach, based on earlier proposals. The second one
might be seen as the more radical one, starting from a future
vision and hence being more ‘revolutionary’.

Here is the first view. In building on the suggestions for
important future research fields in the years between roughly
1990 and the mid-2000s (mainly referring to [2–4], partially
updated in [94,95], to [5,7,9,23], there in particular [26]) and in
grouping these fields into the application areas, mentioned in
Section 3.4, 10 important future research fields might grouped
and denoted as

medical informatics contributing to good medicine and good

health for the individual

1 comprehensive electronic patient records (or electronic
health records), combined with appropriate concepts for
representing, accessing and visualizing health data;
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2 computer-enhanced decision-support for health care pro-
fessionals, combined with appropriate concepts for reason-
ing and knowledge representation;

3 comprehensive measurement and visualization of the
human body;

4 formal models for better understanding the functions or
workings of the human body;

medical informatics contributing to good medical and health
knowledge

5 comprehensive, easily accessible medical/health care
knowledge bases;

6 data mining and analysis for health reporting, health con-
sulting and for identifying new medical knowledge;

7 controlled medical vocabularies and their relation to mod-
els of health and disease;

medical informatics contributing to well-organized health care

8 effective architectures of health information systems for
patient-centered (not institution-centered) care and appro-
priate information management methods;

with all these research fields being related to

9 understanding nature, properties and management of
information in biological structures as well as in health
care organizations;

10 demonstration of effectiveness through evaluation stud-
ies.

Let me also suggest to take a different view from a, maybe,
more general perspective. Having in mind that today and in
the near future

(a) health has to be considered more and more as an integral
and continuous part of life (not as health care within in a
limited time frame of a disease episode),

(b) medical informatics is addressing both, health pro-
fessionals (plus their professional environment) and
individuals/consumers (plus their social environment),

(c) the individual, the human being, is being at the center of
research, even though medical informatics research can
range in scale from molecules to populations,

d) research, education and practice may shift more and more
from local to global activities,

(e) these important future research fields, grouped as before,
might in this second view also be structured into 16 groups
and denoted as

medical informatics contributions to good medicine and good
health for the individual
1 seamless interactivity with automated data capture and
storage for patient care, and beyond (from perception to
high-level semantic concepts, related to human–human,
machine–machine, as well as human–machine interaction;
i n f o r m a t i c s 7 9 ( 2 0 1 0 ) 599–610

‘beyond’ in the meaning of not being restricted to certain
disease episodes);

2 knowledge-based decision-support for diagnosis and ther-
apy, and beyond (with decision-support in its broadest
meaning, i.e. from simply pointing persons to important
knowledge by identifying latest results in knowledge bases
to context-aware, individualized decision proposals using
formally represented knowledge; ‘beyond’ in the meaning
of also including, e.g. prevention);

3 patient-centered data analysis and mining (with repre-
sentations of patient data based on appropriate semantic
concepts);

4 informatics diagnostics, where informatics tools (with cor-
responding methodology) form the major part of the
diagnostic entity;

5 informatics therapeutics, where informatics tools (with
corresponding methodology) form the major part of the
therapeutic entity;

6 informatics capability-enhancing extensions, both men-
tal and physical, to overcome (e.g. age-related) functional
deficits (both external or internal to the human body, serv-
ing as implanted, immersive or external assistants, and
providing a person with extended memories, senses, and
connectivity);

medical informatics contributions to good medical and health
knowledge

7 systematization of medical/health knowledge (with for-
mal representation, automated knowledge collection,
beyond languages);

8 analysis of medical and health knowledge (including
knowledge generation, semantic integrity, assessing and
certifying quality of knowledge);

9 identifying new disease patterns (e.g. using ubiquitously
available patient information and medical/health knowl-
edge, through, e.g., pervasively measured sensor data
from individuals, and, e.g., by combining such data with
molecular and clinical knowledge within social and living
contexts);

10 modelling the virtual human (for enabling more ‘in vitro
experiments’ through simulation and so reducing ‘in vivo
experiments’ through trials and observational studies);

medical informatics contributions to well-organized health
care

11 elaborating concepts for appropriate health data bank
architectures and for its organizations (allowing a range of
local to global offerings for storing and maintaining per-
sonal health data);

12 elaborating concepts for patient-centered health infor-
mation system architectures (within and in particular
beyond health care institutions, allowing multiple usabil-
ity of data) and its information management strategies

(e.g. also considering data from ambient environments
such as ‘intelligent’ buildings, and external, implanted or
immersive body sensors);

13 automated, individualized health advice and education;
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Summary points

• The aim of this essay is to reflect about medical infor-
matics as a discipline.

• Its main goal is to emphasize some promising future
research directions which may become important
i n t e r n a t i o n a l j o u r n a l o f m e d i c

with all these research fields being related to

4 analysing, creating and/or extending theories, concepts,
and methods;

5 systematic evaluation, from ‘phase 1’ lab experiments to
‘phase 4’ field tests;

6 establishing and exploring the use of ‘living labs’ (e.g. [96])
for health and health care.

There is no claim that the two listings of important future
esearch fields above are exhaustive. Although they may look
uite different at first glance, these lists can be thought of as
eing quite consistent. When these suggested research direc-
ions take off, they are likely to significantly influence

other medical disciplines (e.g. in terms of diagnostics and
therapeutics),
human biology (e.g. in terms of implants, including those for
healthy persons, suggesting sensor implantation as a new
field in human biology, including informatics capability-
enhancing extensions),
computer science and engineering sciences (e.g. in terms of
embedded systems and connectivity), and
empirical sciences (e.g. on new forms of empirical research,
there e.g. with respect to living labs).

In addition, the boundaries between disciplines may shift
nd this may lead to a coalescing of medical informatics
nd other disciplines [46], with respect to medicine, health
ciences, computer science, information sciences (includ-
ng information system architectures and management),
biomedical) engineering, and (health) economics.

These research directions may also lead to further collab-
rations. As medical informatics is quite familiar with the
ractice of inter- and multidisciplinary collaboration (e.g. [12,
. 17, 18]), this would be fully in the tradition of the field.

.4. IMIA and the future of medical informatics

have already mentioned how IMIA and the international
edical informatics community more broadly have influ-

nced the past and the present development of the field.
edical informatics has contributed to the progress of both

eople’s health care in our societies and to the advance-
ent of the sciences. What remains to be asked is, whether

MIA as an association should continue or change its
riorities. In referring to [72–80], several points can be high-

ighted.
IMIA’s role for the medical informatics community and

n particular for medical informatics research can hardly
e underestimated. Continuity is necessary for supporting
nd stimulating high-quality translational communication,
esearch, education, and practice in medical informatics.

In order to achieve IMIA’s objectives it is also important
hat IMIA continues to serve as the vehicle for interna-
ional collaboration in a fair, equitable and balanced way,

eyond the usual divisions of nations, cultures, political or
ocial structures, looking out for the health and quality of
ife of the people of the world in a spirit of tolerance and
eace.
parts of medical informatics.

Stimulating collaboration in research as always will have
to be adapted, in order to capitalize on original and relevant
research findings. IMIA’s working and special interest groups
and IMIA’s conferences and publications should continue to
play a major role in these scientific exchanges. In particular
as many research questions are discussed and treated glob-
ally, the international responsibility, which IMIA takes on,
is crucial for stimulating and sponsoring the interchange of
research.

Stimulating high-quality education in medical informatics
might be further improved by giving IMIA academic mem-
bers a more prominent role. Accreditation on educational
programs on a global level is also an important new priority.
IMIA’s recently published revised recommendations on educa-
tion [70] had already laid the first milestones in this direction.

The trend towards global activities requires that IMIA
continuously emphasizes its independence from specific com-
mercial or political interests, so that it can help in carrying out
global projects without bias or conflict of interest. Another
responsibility, which might emerge in this context within a
globalizing world, is for IMIA itself to organize and run inter-
national projects, with WHO being a natural partner.

To conclude, health care is in continuous change just as
the sciences are in continuous transformation. Medical infor-
matics as discipline is affected by these changes. Within the
sciences, medical informatics plays a critical role in bridg-
ing the health and information sciences: the two components
of the genomic and translational medicine revolutions, now
underway [26,31]. In Section 4.3 it has been mentioned that
the boundaries between disciplines may shift and may lead
to a coalescing of medical informatics and other disciplines.
Such a coalescing might also result in partially integrating or
even fully absorbing medical informatics research in other
disciplines like biomedicine, health sciences and computer
science. This is in my point of view mainly depending on
whether medical informatics is willing and successful in tak-
ing over itself or whether it is not.

So, to end of this essay, let me recall Reichertz’s statement
in his last publication [9], where he emphasized that we should
not only be prepared for change, but also actively participate
in shaping this change. This holds especially for focussing on
the relevant and original research fields of tomorrow, building
on our research of today and of the past. As it has so often
been the case in the past and as it is today, just remaining
where we are, is a risk, as we can vividly see from the quote

“life punishes those who delay” credited to Mikhail Gorbachev
during his visit to East Germany on October 5, 1989. With this
in mind, let us actively work on the new research challenges,
and let us accept the new responsibilities for medical infor-
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matics that science and technology opportunities open up for
us.
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