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Abstract. Background: Health information systems (HIS) represent an essential
part of the infrastructure for the delivery of good health care. Objectives: To present
the author’s personal views on HIS developments over the last decades and on the
opportunities and priorities for future HIS developments. Methods: Reflecting on
his views, the author identified relevant semantic dimensions, which are denoted as
development paths, and searched for appropriate periods to characterize HIS
development leaps. Results: HIS developments were divided into the periods past
(1961-2016), present (2017-2022), and future (the next decades). Eight development
paths for HIS were considered as being relevant to presenting the author’s views:
life situations related to health care, entities for health care, health care facilities,
settings of health care, data to be processed, features for functions, architectures of
HIS, and management of HIS. For each of these paths, the past and present states as
well as challenges and opportunities for future HIS developments were outlined.
Discussion and Conclusions: The presented views on HIS developments and the
selected development paths and periods are by nature subjective ‘avant la lettre’.
The views were, however, formed over almost half a century during which the
author has been engaged with HIS developments, and thus may be worth reporting
and discussion. If past is prologue, the tremendous HIS developments in the past
and in the present may predict a similar development intensity in the future. Present
HIS are significantly better than HIS of the past, however they leave room for
continued improvement with an end of HIS developments far from sight.
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1. Introduction
1.1. Background and Significance

Health information systems (HIS) represent an essential part of the infrastructure for the
delivery of good health care [1] (section 1.1). Table 1 reflects the increasing interest in
HIS and HIS research. In response, the International Partnership in Health Informatics
Education (I®E) [2]-[8] implemented an international course on HIS, the so-called
Frank-van-Swieten-Lectures on Strategic Information Management of Health Infor-
mation Systems [9]-[11]. The Frank-van-Swieten-Lectures commenced in 2001 and the
author was one of the founders.

Table 1. Number of publications and citations on health information systems and on hospital information
systems from 1961 to 2020. Search in the Web of Science Core Collection. Search terms: “health information
systems” (first publications in 1971) [12], [13], [14], “hospital information systems” (first publication in 1966)
[15]. Search date: July 16, 2021. Please note that, whereas publications on “hospital information systems”
mainly focus on institution-centred information systems of hospitals and complex health care facilities,
publications on health information systems usually comprise reports on information systems in various health
care settings as well as on trans institutional information systems

year health information systems hospital information systems
publications citations publications citations

1961-1970 6
1971-1980 29 11 5 11
1981-1990 14 14 34 34
1991-2000 112 420 159 562
2001-2010 428 4.909 259 3.182
2011-2020 1.184 25.233 378 8.762

1.2. Occasions

On the occasion of his last ‘active* * participation as a teacher with a history of shaping
parts of HIS developments himself %, the author was asked by Professor Alfred Winter,
another teacher in the lecture series, to share his impressions of HIS developments with
the students and teachers at the joint virtual meeting of the 2021 Frank-van-Swieten-
Lectures. The joint days, where students and teachers of all participating universities
meet, traditionally include lectures of this type. Dr. Winter requested of the author an
understanding of his own personal views. In particular he was interested in views on:

When can HIS be determined to be “good” HIS? And, in this context:

Why do we often regard current HIS as “bad”, or at least as not good enough?
What improvements on HIS have been achieved during the last decades?
When can we expect to have “good” HIS?

What contributions can today's informatics graduates make to achieve “good”
HIS in the future? What can motivate them to work on this problem?

[16], (questions translated into English with some rewording by the author).

3 The author is retired since October Ist, 2021. He is still engaged in medical informatics, but now as
professor emeritus.

“In 1973, almost 50 years ago, the author studied medical informatics and in 1978, more than four
decades ago, he started to work in this profession. HIS were part of his field of study as well as of his
professional work.
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The author agreed to elaborate on this subject at the joint virtual day concluding the
2021 Frank-van-Swieten-Lectures. This manuscript is a considerably updated and
revised version of the 2021 presentation, which the author could present in October 2022
in Athens at the Symposion on Achievements, Milestones, and Challenges in Biomedical
and Health Informatics.

1.3. Questions

While focusing on Alfred Winter’s questions, the author decided to rephrase them into
more general ones:

What are the author’s personal views of HIS developments during the last decades?

What are the author’s personal views on opportunities and priorities for future HIS
developments?

Regarding the definition of the “the last decades”, the author elected to start in 1961
covering six decades.

1.4. Outline and Reminiscences

The author’s answers to the refined two questions will be discussed in the result sections
3 and 4 entitled HIS Developments: Revisiting Past, Present and Future and Views on
HIS Development Paths. The methods section 2 entitled Terms, Methods, Notes, and
Quotes precedes the results. The manuscript will close with discussion and conclusion
sections 5 and 6. The heading of the conclusion section 6 is a quote from Johann Wolf-
gang von Goethe‘s Faust [17] (p.19). Shall or shall we not say with respect to HIS
developments “Now here I am, a fool for sure! No wiser than I was before”?

This manuscript recalls as reminiscences and homages two landmark events: An
international seminar on medical documentation and statistics, taking place in 1961 in
Berlin, Germany [18]. During this seminar, final decisions were made to launch the first
international journal in 1962, devoted solely to information in biomedicine and health
care and focusing on a new emerging discipline: medical informatics [19]. Also, during
this seminar, a new information processing tool was presented: With punch card sorting
machines, biomedical and health data could be analyzed much faster than it had been
possible before. A quote from the seminar’s report stated: “Prof. G. Wagner (Kiel) dealt
with the various types and uses of machine punch cards, which are likely to become very
important for future clinical documentation tasks. For practical demonstration, IBM had
set up a complete set of machines in the conference building, so that Prof. Wagner was
able to demonstrate the usefulness of machine punch cards with vivid examples from his
field of work. His introductory overviews were therefore particularly valuable to the
seminar participants because they were necessary as a prerequisite for understanding
most of the lectures given by the American speakers." [18] (p. 27, translated into English).
The report also contained a picture of Dr. Wagner‘s demonstration, which is presented
here as Figure 1. Professor Gustav Wagner (1918-2006) was crucial for successfully
launching research on information in biomedicine and health care as recognized research
field of medical faculties in Germany and beyond ([20], [21].

A keynote lecture on “hospital information systems - past, present, future”, given by
Peter L. Reichertz during MIE 1984 in Brussels, Belgium (manuscript first in [22], later
also in [23]). Professor Reichertz (1930-1987) was one of the international pioneers in
the field of medical informatics [25]. He was visionary enough to recognize very early
the potential of informatics for biomedicine and health care, including diagnosis, therapy,
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and HIS. In the 1960s, health information systems were considered an unusual research
field in medical faculties. Peter Reichertz’s work in research and clinical practice
strongly supported the development of HIS as a major research topic in medical infor-
matics, with hospital information systems as an important instance [24]. His probably
most comprehensive and visionary paper on health information systems was the one
focused on the past, present and future of hospital information systems that he presented
as his MIE keynote in 1984.

The title of this manuscript refers to a talk on “Health Information Systems: Past,
Present, Future” that the author gave in 2004 at the Plenary Session of the Conference
EuroMISE 2004 in Prague, Czech Republic ([26], subsequently denoted as 2004
Lecture). The title of this 2004 Lecture was deliberately chosen as hommage to the
mentioned landmark paper by Peter Reichertz two decades earlier.

NER (Kiel) bel der Demonsiratior

Figure 1. Dr. Gustav Wagner, 3rd from left, demonstrating in 1961 punch card machines as powerful new
tools for clinical documentation and biomedical data analysis ([18], p.28).

2. Terms, Methods, Notes, and Quotes
2.1. Terms

First, the author will define the term HIS as used in the Frank-van-Swieten-Lectures.
Health information systems are socio-technical subsystems of health care settings, com-
prising all data, information and knowledge processing [1] (section 2.6). Based on this
definition, HIS usually are comprised of computer-based tools as well as non-computer-
based tools. If we refer to HIS of specific health care facilities, we may use more specific
terms like, e.g., hospital information systems for the information systems of hospitals.
When health care is delivered to patients by more than one health care facility (e.g. when
care is jointly provided by medical offices and by outpatient nursing organizations) such
information systems are called here transinstitutional HIS. More detailed definitions and
further explanations can be found in chapter 2 of [1]. Please note that the terms health
care institution and health care facility are used similarly here. For example, hospitals
may be referred to as health care institutions or health care facilities. The term health
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care setting will be used more broadly. Patients’ homes may also be settings of health
care, although they are not facilities or, respectively, institutions dedicated to this pur-
pose. Also, for the sake of ease, the term data will be used here instead of data, infor-
mation and knowledge, assuming that data will, hopefully, contain information or even
knowledge.

2.2. Methods

As the author was asked to share his personal views, the methods to be used for preparing
this manuscript were obvious and straightforward:

Firstly, the author reflected on his views.

Secondly, the author tried to arrange these views in a manner that supported
communication. As in [26] the author searched for relevant semantic dimensions and
referred to them as development paths.

Finally, the author searched for appropriate periods with respective thresholds to
characterizing HIS developments.

2.3. Notes

The author’s personal views of HIS developments, selected development paths, and
selected periods by nature are subjective ‘avant la lettre® [27]. While admittedly sub-
jective, they were formed over almost half a century during which the author was an
active observer and, also, participant of HIS developments. The expressed views have
also been influenced by collaborations and many valuable discussions with other persons
(colleagues, decision makers, users, etc). Important persons, who strongly influenced the
author when he was first engaged with this topic in the 1970s and 1980s included Marion
Ball [28], Carl-Theodor Ehlers [29], [30], Gerd Griesser [31], [32], Klaus K&hler [33],
Peter Reichertz [34], [35], [22], and Alfred Winter [36], later leading to [37], [38], and
[1] and many others. Of course, ultimately the presented views are the author’s, who
claims responsibility for this manuscript. However, if credits are due, they must be shared
with many others as well.

The development paths selected in the author’s 2004 Lecture (there called lines of
development) — amount of data, range, users, functionality, complexities, data types,
technologies of / in HIS [26] (Figures 5, p. 276, and 6, p. 277) — did only partially match
with the semantic dimensions that the author wanted to communicate here. Therefore
another set of development paths was selected. The thresholds of the selected periods are
fuzzy. There are no exact limits. Finally, others may have different opinions and might
have selected different development paths and other periods.

The references were not collected systematically, as it would be usual in reviews.
The references reflect the work of colleagues, who influenced the author’s work and with
whom the author had discussions or collaborations on HIS developments. Therefore
reference selection by nature may be biased.

2.4. Quotes

Engaging with HIS developments requires dealing with HIS architectures [38]. Being
aware of the relationship of HIS with architecture - the discipline dealing with the archi-
tecture of buildings as well as of cities or landscapes — may help to better understand HIS
architectures. In this context, the following quote offers a remarkable statement on the
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architecture of buildings: “We ‘re architects. We have designed numerous buildings,
used by many people. We know about users. We know well their complaints: buildings
that get in the way of the things they want to do. We also know well users’ joy of relaxing,
working, learning, buying, manufacturing, and worshipping in buildings which were
designed with love and tender care as well as function in mind. We’re committed to the
belief that buildings help people to do their jobs or impede them and those good buildings
bring joy as well as efficiency.” [39] (p. 6).

HIS also have a relationship with the discipline of medical informatics, where HIS
form an important aspect of this discipline, as can be seen in investigations on the dis-
cipline’s content [40]-[45] as well as in its international recommendations on education
[46], [47]. The second and final quote in this section is a maybe unusual description of
the medical informatics discipline:

“Medical informatics is a wonderful discipline. It deals with organizing, represent-
ing, and analyzing data, information, and knowledge in biomedicine and health care.
This is done in one of the most important areas for the life of all people in our world. It
is engaged in an exhausting, but exhilarating struggle with one of the biggest challenges
that science is facing: How do we translate data into information and how do we turn
information into knowledge? Working in this field is demanding, it needs clear thinking,
good judgement, and flair.

Medical informatics has many facets, all of them are both, challenging and fantastic.
Medical informatics.

(1) is a modelling discipline. 1t forces us to view and understand medicine and
health care better in a very broad and comprehensive manner. This may com-
prise pathophysiological processes, diseases, decisions, and health information
systems see [48], [49] for more details.

(2) is an empirical discipline. In the "micro-macro spectrum of medical informa-
tics" [50], (it demands both (i) nature (e.g. cells, human beings, populations)
and (ii) institutions, devoted to health care and good and healthy living, to pro-
vide answers.

(3) is an engineering discipline. In medical informatics we are able to do both: In
"preparing for change" [51] we may passively observe and comment, but we
also can actively change our world by building tools to support diagnosis,
therapy, and/or the many other facets in organizing care and healthy living.

(4) is an organizational discipline. It helps to change processes and organisations
in order to make our world better prepared for providing good and affordable
care as well as contented, joyful living in dignity and safety.

(5) aims to contribute to high-quality, efficient health care and to quality of life on
the one hand and to progress in science on the other. What could, as its quint-
essence, be better and more stimulating as objectives than these, for all of us
working either in practice or in research or in education?”

[52] (p. 25). Please note that the original numbering of references had to changed).
The manuscript will refer to both quotes later.
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3. HIS Developments: Revisiting Past, Present, and Future
3.1. Periods and Thresholds

As for the 2004 Lecture, it made sense to divide HIS developments again into the periods
past, present, and future, with respective thresholds.

For the present, roughly, the last five years were selected — from about 2016 to about
2021 (when this talk was presented), or 2022 (when the manuscript was finalized).

For the past we included several decades, but no further back than 1961, the year of
one of the mentioned landmark events.

To discuss opportunities and priorities on future HIS developments, the next or
perhaps the next few decades should be considered.

As mentioned, these periods are imprecise, with no exact boarders. And others may
choose different periods.

3.2. Development Paths

The eight development paths for HIS, which according to the author’s views are critical
to suggest answers to the questions raised, are presented in Table 2. These developments
are abbreviated with A,, x A {1, ..., 8}. In addition, another line of development, Ao, will
be mentioned, mainly to permit a link to the 2004 Lecture.

The symbol A was chosen as it is often used to represent change. It is also the initial
letter of the Greek word Awadpopn|, pathway (Ata: through, Apour: road, path), and thus
fitting to symbolize development paths.

3.3. Ao: Access to Increasing Data volumes

In the 2004 Lecture [26] (Figure 5, p. 276), increasing amounts of health-related data
was the first development path discussed. In Figure 2, A is visualized across the past,
present, and future. The increase of health-related data is linked to emerging opportuni-
ties in computer-based data analysis, storage, and communication. The data increase is
in part due to the increase of diagnostic and therapeutic procedures [53], [54]. New
information and communication technologies, allowing the capture and processing of
more data, constitute another important factor e.g. [55], [56].

Table 2. Development paths relevant to HIS developments

HIS development paths

Ao access to increasing data volumes
Ay life situations related to health care
Ay entities for health care

A3 health care facilities

A4 settings of health care

As data to be processed

As features for functions

Ay architectures of HIS

Ag management of HIS
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In the past, opportunities to use computers with software products, installed there,
increased continuously. The challenge of shifting data from paper-based and film-based
storage to computer- based storage played a major role. This shift was combined with
significantly changing processes for functions, due to the continuously increasing
features of the mentioned software products. Having such data primarily on paper was
related to much slower access compared to accessing data, stored on computers. This
held true for patient data as well as biomedical and health knowledge data.

To date, this shift seems to have been completed for most of the developed countries.
For patient information as well as biomedical and health knowledge, computer-based
access to data through respective features has clearly improved the speed of access and
reduced the associated effort. Finally, continuously increasing data volumes will
probably lead to new ways for living and practicing health care ([57]-[60]).

£

amount of health-related data
to be processed and stored

computer-based

£
v

1961 1984 2004 2021
the seminar MIE EuroMISE FvSL

Figure 2. Roughly visualizing the increasing amounts of health-related data and their access as HIS develop-
ment past across the selected periods for past, present and future. The years and events selected were discussed
in sections 1,2 and 1.4.

As this shift from data stored on paper to data stored on computers seems to have
been completed, we will omit Ag as HIS development path. In addition, from the author’s
point of view, the following eight paths A; to As can now better describe HIS develop-
ments, including the aspect of increasing data volumes.

3.4. Ay Life Situations Related to Health Care

To better understand A; on life situations, related to health care, and their relevance to
HIS developments, we should reflect on the fact that health care is an integral part of our
lives. Health care starts when people are born (even earlier) and ends when people pass
away. During some periods of our lives, the relative share of health care appears negli-
gible, e.g., when we are in good health, living our ‘normal daily lives‘. Sometimes the
relative share of health care is intensive, e.g., for persons, suffering from severe acute
diseases and being inpatients in hospitals. Sometimes it is in between, e.g. for persons
with chronic diseases who need medication or other therapeutic measures on a regular
basis. Major life situations with respect to health care are prevention, wellness, emergen-
cies, acute diseases, chronic diseases, care, and rehabilitation. In all these life situations
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health care is provided through appropriate services, e.g. for diagnosis, therapy, or care
(from [1], chapter 1, where more details can be found). The main objective for HIS and
so also the focus of HIS developments, is to support appropriately and sometimes even
to enable provision of good health care for people in their various life situations (more
details can be found in [1], chapter 2). In recalling what has been mentioned in the quint-
essence of the second quote, good health care supports high-quality and efficient health
care and improves the quality of life. Affordability and availability are other important
facets of good health care.

In the past, A; HIS developments centred primarily on the episodic treatment of
diseases, e.g. on diagnosis and therapy of inpatients in hospitals. HIS were designed to
support health care services, where the relative share of health care was intensive. HIS
developments were mainly institution-cantered with single health care facilities in focus.
Although primarily episode-based, there was an expressed desire to overcome this limi-
tation and to support patient-centred care as well, at least within single health care
facilities.

To date, health care services, supported by HIS, still remain primarily focused on
treating diseases, with the relative share of health care being intense. Even though still
mostly only within single facilities, they now better focus on patients, not on single
disease episodes of patients.

In the future, HIS should develop with respect to A; to support the full spectrum of
health care services including in life situations, where the share of health care is negligi-
ble or in between. This extension would lead to a shift from patient-centred health care
services — for persons with diseases — to person-centred health care services — for persons
with diseases as well as for healthy persons.

By extending care in this fashion, health care becomes more rigorously integrated
in life. In addition, other services, not considered traditionally part of health care, may
become more integrated with processes of obtaining care including banking, shopping,
learning, teaching or participating in cultural events. So, e.g., shopping may be combined
with purchasing medication in a pharmacy or with visiting a medical office. Banking
services may be obtained in a bank, located close to this office. In both cases, travel plans
must take all of these services into account. HIS developments should consider that
health care related services may have to be orchestrated jointly with other services, which
is certainly a challenge [61], [62], [63] (pp. €27-¢28).

3.5. Ay Entities for Health Care

After in A, life situations related to health care have been discussed, we now will put the
focus in Az on the various entities, who are giving this health care, again with respect to
HIS developments.

In the past, HIS developments focused on supporting health care professionals.
Initially, the support was limited primarily on physicians and later and with less intensity
on nurses. With methodological and technical progress, the range of health care profes-
sionals supported through HIS grew more complete over the years.

To date, health care professionals remain the focus of HIS developments, which, for
obvious reasons, makes sense. In addition, HIS developments now also take place to
better support informal caregivers, i.e. persons informally taking care of patients such as
family members, as well as to support the persons concerned, may they be sick and so
patients or may they be healthy (see e.g. [64] with Finland as example). Enabling infor-
mal caregivers as well as patients / persons concerned to participate in health care will
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allow them to contribute more. With this, HIS would also support subsidiarity, an
important principle, not only in health care (e.g. [65]) by distributing required work
including less but still qualified individuals.

In the future, HIS developments probably will and also should continue to address
these priorities including better collaboration among health care professionals and
between professionals and informal caregivers and most importantly between profes-
sionals and the patients.

A two-decade-old statement “Any technology sets a relationship between human
beings and their environment, both physical and human. No technology can be seen as
merely instrumental. This is especially relevant when dealing with large automatic
information systems, developed to contribute to the management and integration of large
organizations, such as hospitals.” [66] in the author*s opinion still addresses this situation
of collaboration very well.

To illustrate the future A, HIS development path, additional entities for health care
must be introduced in addition to the previously introduced players like health care pro-
fessionals, informal caregivers, patients / persons concerned, all human beings. In the
future, functionally comprehensive, 'intelligent' machines as well as other living entities
(in addition to humans) such as animals and plants or a combination thereof will play an
increasing role. Collaboration of intelligent machines with humans, which may be
described as the collaboration of natural and artificial intelligence, will play an increasing
role in good health care and should also be considered for HIS developments [67]-[69].

Further discussions on intelligent machines can be found in [70]-[76]. Of importance
is that such intelligent machines differ from other machines through their autonomic
decision-making capabilities (e.g. on diagnosis and therapy) or by offering shared
decision making between humans and machines [77]-[79]. The author’s viewpoint on
such intelligent machines is explained in [68]. His suggestion that such entities should
become users of HIS, with respective rights and duties, is described in [79], pp. e18-e19.
With regards to HIS developments, it is important to note that HIS users are no longer
exclusively humans (in their various roles: health care professionals, informal caregivers,
patients / persons concerned), but machines have become actors as well. Instances of
such intelligent machine entities are robots in operating rooms contributing to surgical
therapies [79] and intelligent homes that support vulnerable persons as servants [68].

3.6. As: Health Care Facilities

For As, we focus on the HIS development effect by facilities that are used to provide
health care services. Examples for health care facilities include hospitals, medical offices,
nursing homes, nursing centres (day care, outpatient services, etc.), pharmacies as well
as rehabilitation centres (inpatient, outpatient, etc.). These facilities all provide health
care services, frequently in collaboration. The above list is by no means complete.

In the past, HIS developments concerning A; focused on major health care facilities
such as hospitals (initially primarily university medical centres) and later and with less
intensity on medical offices (e.g., [15], [22], [23], [28]-[36] as well as [80]-[83] for some
early references on hospital information systems and [84]-[86] for references on infor-
mation systems in medical offices). Based on these findings, development of health care
services were focused primarily on those services with an intensive relative share of
health care as described in A, for the past.

To date, more or less all health care facilities are considered in HIS developments,
maybe in different intensities. As far as the author can see the focus is still mainly on
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those services, where the relative share of health care is intense, as described before in
A, for the present.

Also, in future health care facilities remain of particular importance with respect to
HIS developments. However, in addition, another ‘facility* has to be taken into account,
which is not actually a facility at all, strictly speaking. In this facility the author wants to
include informal caregivers and the patients / persons concerned. As mentioned in A;
they may also participate in providing health care. For also supporting this facet of health
care, this ‘facility of enabled informal caregivers and patients / persons concerned‘ has
to be included into HIS developments.

3.7. Ay: Settings of Health Care

Concerning settings of health care let us keep in mind that the term health care facility is
used here for institutions dedicated to deliver health care services, whereas the term
health care setting is used more broadly. In A, and A3 HIS developments were discussed,
with the focus on who (Az: entities, Asz: facilities) is providing health care for the life
situations in A;. In A4 the question will focus on where, in which settings, health care
will take place. These settings can for obvious reasons be the facilities themselves, and
so hospitals, medical offices, nursing homes and centres, pharmacies, and rehabilitation
centres. In addition, other settings of health care, being located outside the walls of these
facilities, have to be taken into account with respect to HIS developments. These are
settings, where our ‘normal‘ living takes place.

In the past HIS developments were concentrated on supporting physicians and
nurses and had to be centred on selected health care facilities such as hospitals and
medical offices (recall A, and A3) and there, because of technical limitations, within the
walls of these facilities.

To date, as in A3, more or less all health care facilities are considered in HIS devel-
opments, again mainly within their walls. However, due to much better connectivity and
a broad availability of mobile devices, present HIS developments also try to overcome
such walls when appropriate for good health care services, e.g. for virtual consultations
between patients, being at home, and their physicians, being in their medical office.

Due to the methodological and technical progress achieved in recent decades, for
future HIS developments, technology is no more a major limitation for even globally
reaching settings, where health care might be provided through entities and facilities of
health care. Settings within the walls of health care facilities may still remain in the centre
of HIS developments, but these walls are no more borders for HIS. Other settings can
now also be taken into account, may it be locally, e.g. within a community, and even
worldwide. Among these additional settings of health care are homes, workplaces, and
even transport media such as cars. With this progress in future services for life situations,
where the share of health care in our lives seems to be negligible or in between, can better
be considered. And so the full spectrum health care services (recall A;) can now be better
taken into account for HIS developments. Some references, reporting on these develop-
ments, are [87]-[101].

Examples for health care, which could now better be supported by HIS, are
prevention, wellness, functional deficits (frailty, ...), ‘mild* chronic situations, and
palliative care.
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3.8. A4s: Data to be Processed

This line of development discusses questions on data to be processed or provided in HIS
(see [1], section 3.2 for details regarding current HIS). To discuss this line of HIS devel-
opments let us at first have a look at Figure 3. In the Figure’s centre are ‘classi-
cal® methods for diagnosis and therapy. These methods are, e.g., conversation with and
direct physical examinations of patients, lab tests or signal and imaging procedures in
diagnostics, or talk, medication, and surgical, internistic or radiological interventions in
therapy. In addition to these classical methods, molecular methods and environment-
based methods have meanwhile been added, for both diagnosis and for therapy. In [102]
this is described as spectrum of methods for diagnosis and therapy first primarily inves-
tigating the patients ‘phenome‘ and then having been extended to also include investi-
gating their ‘genome* and their ‘exposome*. All these methods produce data.

‘genome’ ‘phenome’ ‘exposom’

‘classical’ D&T
conversation, physical
examinations, lab
imaging, ...

environment-
based D&T

health-enabling and
ambient assistive
technologies, ...

molecular D&T
genomics,
proteomics, ..

Figure 3. Methods for diagnosis and therapy (D&T).

In the past HIS developments had to consider a huge variability of data from classi-
cal methods, which in themselves were tremendously improved and extended during this
time. Discussion on interoperability standards for representing and communicating data
were at the beginning not a priority. With increasing amounts of data on computers
(recall Ap) this changed, and interoperability standards came up. Also, molecular data
have been successively added.

To date, HIS developments are considering phenome and genome data. Also, data
from the environment of patients / persons concerned started to be used. Progress on
health-enabling and ambient assistive technologies played an important role, with im-
proved sensor and communication technologies on or at their bodies or in their rooms
and with extensive use of smart mobile tools (recall [87]-[101] from A4 as well as [103],
[104]). Interoperability standards for representing and communicating data are now a
priority.

For future HIS developments all types of data, mentioned here — phenome, genome
and exposome data — will have to be extensively considered for providing good health
care. The still ongoing discussions on interoperability standards will hopefully lead to
opportunities for globally sharing and communicating data, when needed.

3.9. As: Features for Functions

Closely related to As, this line of development discusses questions on functions to be
supported by features of HIS (see [1], section 2.9, on the meaning of the term features,
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as used here, and [1], section 3.3, for details regarding on functions to be supported by
features in current HIS).

In the past HIS developments on A¢ centred on developing software products in
order to provide features for basic health care functions, so that the increasing amount of
data to be processed could be handled (recall Ao). The entities, for whom these features
have been provided, were health care professionals. Features on these software products
were mostly for functions on patient care (less for research) and, at least at the beginning,
closely related to administrative and documentation matters as well as to meeting legal
requirements. Features for functions on decision support started (see e.g. [81]). During
the years, such features were continuously extended for further functions.

In to date HIS developments, features are now significantly extended for a broad
spectrum of patient care functions. They also include analytics functions beyond direct
patient care. Users of these basic and advanced features are still primarily health care
professionals. There are extended opportunities for decision support in patient care, often
discussed and implemented under the term artificial intelligence (recall [67]-[76] from
A2).

In future these HIS developments on basic and advanced features for functions will
continue. And, as the spectrum of functions will continue to be modified (recall the
increase of diagnostic and therapeutic procedures, mentioned in section 3.3), they are in
some respect developments on a moving target. In future such HIS developments should
be provided for supporting all entities of care (recall A; and see e.g. [105]), although,
with good reasons, features to support health care professionals remain in the centre of
this development path. Also, such features will have to be provided in all health care
facilities and in all settings of health care, as discussed before.

3.10. Ay: Architectures of HIS

Let us now discuss the last two paths of HIS developments, which are actually the central
ones for those, being involved in such developments. The first of these paths is on HIS
architectures and their infrastructures and so with a focus on technology and functionality.

In the past, from 1961 to present, there were tremendous HIS developments, mostly
related to an increasing use of computers with their steadily expanding software products,
better communication networks, and better and more kinds of devices for entities of care
as users, leading to better access (recall Ao and As) and better features for functions (recall
Ag) in HIS. HIS developments concentrated on health care facilities and health care
professionals. Approaches for modelling and analysing HIS architectures were
developed (e.g. [37], [106]-[108]). Knowledge on HIS architectures is now content in
educational programs in biomedical and health informatics and in health information
management (e.g. [46], [47], [111]-[117]). Textbooks on HIS or with HIS as chapters
became available (e.g. [31]-[33], [38], [116]-[120]).

To date, this development path continues still intensively, now on the institutional
as well as, and with greater emphasis as in the past, on the trans institutional level (recall
A1). Architectural styles are on debate. As institutional architectures might not be able to
be easily and straightforwardly extended to trans institutional ones, paradigm shifts
might be needed.

Future architectures of HIS should take into account what has been mentioned in
paths A; to Ag. This will clearly be challenging for the practice of and for research on
HIS. And this will have consequences for teaching about HIS.
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3.11. As: Management of HIS

The second path of HIS developments, which is central for those, being involved in such
developments, is on management of HIS and so with a focus on organizational and
governance aspects.

Compared to developments on architectures of HIS (A7), reflections on appropriate
approaches on how to manage HIS started later, as issues of technology and functionality
were paramount. Like in A7 they concentrated on health care facilities and health care
professionals (e.g. [121]-[123]), of course, as in all paths, with exceptions (e.g. [124]).
Many of the textbooks, mentioned in A7 also considered this management aspect, some
even put the focus on this topic (e.g. [125]-[127]). In particular in larger health care
facilities, such as hospitals, organizational units on information management and infor-
mation technology with chief information officers (CIOs) as chairpersons had partially
been established in the long run.

To date, like in A7, this development path continues on the institutional and also, and
here as well with greater emphasis as in the past, on the transinstitutional level. It became
apparent that transinstitutional HIS management differs from institutional HIS manage-
ment. Also, it became clear that transinstitutional HIS management is of considerable
importance for patient-centred care as well as for biomedical and public health research.
CIOs and respective units are now the rule, no more the exception, at least in larger health
care facilities.

Future management of HIS should take into account what has been mentioned in
paths A; to As. Like in A this is as well challenging for the practice of and for research
on HIS. And this will have consequences for teaching about HIS. Like in enterprises
outside health care and due to the increased relevance of information for providing good
health care — and so also due to the increased relevance of HIS — consideration should be
given to CIOs becoming members of the boards of directors in health care facilities.

4. Views on HIS Development Paths
4.1. The Development Paths in Summary

The main impressions on the development paths A; to As, described before, are summa-
rized in Table 3.

For the sake of ease, let us also recall the instances, which have been mentioned for
the topics in the development paths A to As. These were

for life situations related to health care (Al): prevention, wellness, emergencies,
acute diseases, chronic diseases, care, and rehabilitation as major life situations;

for entities for health care (A2): the patients / persons concerned, health care
professionals (physicians, nurses, ...), informal caregivers, and ‘intelligent’ machines;

for health care facilities (A3): hospitals, medical offices, nursing homes, nursing
centers (day care, outpatient services, ...), pharmacies as well as rehabilitation centers
(inpatient, outpatient, ...) and the ‘facility provided by informal caregivers and the
patients / persons concerned;

for settings of health care (A4): the health care facilities, mentioned before, as well
as homes, workplaces, and even transport media such as cars;

for data to be processed (AS): phenome, genome and exposome data;

and for features for functions (A6): basic and advanced features to support functions.
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Table 3. Summarizing major impressions on past, present and future HIS developments, as described before,
for all development paths. While entries in past and present intend to characterize existing developments,
entries in future mention opportunities and priorities. In order to point out major trends the impressions are
strongly simplified, both in content and time. In addition, they are personal views of the author, with the risk
of being subjectively biased.

HIS developments
development paths past main focus present main focus future opportunities

Ay access to increasing  paper-based, shifting

amounts of data to computer-based computer-based (see A; - Ag)

A, life situations related disease episodes; health care as part of the

diseases; patient-centred

to health care institution-centred whole life; person-centred
A, entities for health care health care professionals, these humans plus
health care professionals caregivers, persons ‘intelligent® machines

selected health care health care facilities plus

As health care facilities health care facilities

facilities enabled caregivers, persons
A4 settings of selected health care o health care and other settings,
e health care facilities
health care facilities global reach
As data phenome, genome and
phenome phenome and genome
to be processed exposome
A¢ features basic health care plus advanced features, plus advanced features, for all
for functions features for professionals entities of care

institutional, for health also transinstitutional, for architectures also take paths

A; architectures of HIS s o ;
7 v care facilities health care facilities A to Ag into account

institutional, for health also transinstitutional, for management also takes paths

A management of HIS care facilities health care facilities A to A7 into account

4.2. HIS Developments Paths Grouped into Thematic Spaces

Table 4 is clustering the eight HIS developments paths into three thematic spaces. The
questions, raised for each space, may be helpful in approaching on how HIS can be
appropriately further developed.

Table 4. The HIS developments paths grouped into thematic spaces.

Space Major Question Line
For which life situations related to health care, A
HIS X ..
health - by whlch entities for health care, Ay
o - from which health care facilities and A3
care - in which settings of health care Ay
space will health care be delivered?
HIS Given o:
B analytics - Which data can be processed As
space - by which features? As
HIS - How can HIS be managed so that Ag
HIS architectures and infrastructures are available, Ay
Y  management

which appropriately support and sometimes even enable to deliver good

space health care for a given a and a given B?

4.3. Management of HIS as Mapping

For some readers it might be helpful to formulate management of HIS as mapping (recall
the thematic spaces of Table 4).
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Let LS be the set of all life situations related to health care and let o (LS) := {x | x
c LS} as powerset of LS comprise all combinations of such life situations. Let EHC be
the set of all entities for health care, HCF the set of all health care facilities, SHC the set
of all settings of health care, D the set of all data to be processed, F the set of all features
for functions, and let @ (EHC), ¢ (HCF), (SHC), (D) and g (F) be the respective
power sets, as defined before for LS. Let HIS-A be the set of all instances for
architectures of HIS.

Management of HIS, viewed as mapping, here denoted as HIS-M, may then be
defined as

HIS-M: o (LS) x ¢ (EHC) x o (HCF) x o (SHC) x (D) x (F) — HIS-A (1)

This mapping might be put into words as follows: Given combinations of certain life
situations, certain entities for health care, certain health care facilities, certain settings of
health care, certain data, and certain features available: HIS management has to make
available HIS architectures and infrastructures, which appropriately support and some-
times even enable entities for health care to deliver good health care for people in their
various life situations.

Please note that the parameters, mentioned in the HIS-M function, relate to instances
of the development paths, which have been summarized before in section 4.2.

4.4. Management of HIS versus Health Care Planning and Organization

Management of HIS, at least as it is formulated here, does not reflect on why certain
parameter values for the HIS-M-function were taken.

This may lead to the question, why one has to consider such values for the para-
meters of this mapping as taken. Shouldn‘t they be regarded as subjects for modification?
And why not trying to identify ‘good parameter value constellations‘ to achieve ‘good
HIS architectures’? Reflecting about good or even optimal parameter value constella-
tions concerns parameters in the HIS health care space and in the HIS analytics space of
Table 4.

Let us recall, what has been stated in section 3.4: “The main objective for HIS” ...
“is to support appropriately and sometimes even to enable provision of good health care
for people in their various life situations” and that “good health care supports high-
quality and efficient health care and improves the quality of life”” as well as affordability
and availability.

Reflecting about delivering good health care for the various life situations is
primarily a matter of health care planning and organization and so for persons / institu-
tions being responsible for making decisions here. This means that looking for good or
even optimal parameter value constellations in the HIS health care space and in the HIS
analytics space is in their responsibility. It is not primarily a task of HIS management.
However, providing information for decision makers in health care planning and
organization on how HIS can well support and enable to deliver good health care is in
the scope of those persons / institutions involved in HIS management.

Are there clear borders between tasks of HIS management and tasks of health care
planning and organization? As far as the author can see this is not the case. The main
reason is probably that planning and organizing health care needs in-depth knowledge
on opportunities for HIS and for HIS developments for doing their tasks well. And for
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managing HIS it can be helpful to be well-informed about potential alternative parameter
value constellations in the HIS health care space and in the HIS analytics space for future
health care services. Insofar HIS management and health care planning and organization
seem to mutually influence each other.

5. Discussion
5.1. Limitations

As already mentioned in section 2.3, these are the author’s personal views of HIS devel-
opments. Although there has been always an international exchange, this work has been
done primarily in Germany and Austria and so in Europe, in two developed countries,
having a certain organization and legislation of health care. The views as well as the
selected development paths and periods must probably be subjective. Others may have
taken other development paths and other thresholds for periods and even the content of
past, present and future in the paths could have been different. The views were, however,
formed over almost half a century, during which the author has been engaged with HIS
developments, and thus may be worth reporting and discussion.

As also mentioned in section 2.3 the references are mainly addressing the work of
colleagues, who influenced the author’s work. Therefore, reference selection by nature
may be biased.

The focus laid here is on HIS developments with respect to supporting health care,
which might also be regarded as limitation. An additional focus could have been laid on
HIS developments supporting research, in particular in biomedicine and health sciences,
but also in computer science and engineering. In [1] this aspect has been e.g. addressed
under an additional life situation called research for life and in sections like the one on
information systems in medical research.

Last, but not least, the complexity and variability of HIS and HIS developments is
huge and hard to grasp, which per se limits to deal with this topic. The level of discussion
here could be compared to that of briefly characterizing the tip of an iceberg, where the
iceberg would have to be discussed as a whole.

5.2. Balancing Issues

Opportunities can be associated with challenges. Such conflicts might lead to the
necessity of carefully balancing the advantages of opportunities against the
disadvantages of challenges. With respect to HIS developments the author wants to
highlight some conflicts, where careful balancing is needed.

Increasing amounts of health-related data can be helpful for providing good health
care to people. This increase may also lead to a higher risk of violating data protection
and data security. However, safeguarding informational self-determination of
individuals is an important asset.

Virtual communication, maybe in a global reach of care, and, maybe, given by
‘intelligent” machines is mentioned as opportunity. This can also lead to disadvantages,
as virtual communication should support, but by no means substitute personal
relationships. Also, here appropriate balances have to be found, to avoid a loss of direct
personal contact between humans through this development.
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Health care services from informal caregivers and patients / persons concerned
themselves is ambiguous, too. On the one side the wish to receive comprehensive
services from health care professionals is obvious but increasing services through health
care professionals will at some point come to limits in various ways. On the other side
informal caregivers and patients / persons concerned may also want to be more
responsible for oneself, in particular if they are enabled. But they will in many cases not
be able to replace professional help. Also, here appropriate balancing is necessary, also
in the context of achieving appropriate subsidiarity (recall A2). In addition, HIS may help
to support this balancing through helping to enable good collaboration between all
entities of health care.

5.3. Other Factors and Paths

When looking at the thematic spaces in Table 4 we can see that the mentioned develop-
ment paths concentrate of being able to adequately deal with HIS management and HIS
architectures. Aspects such as (maybe competing) interests of the various stake holders
in health care and in IT industries, of how and which health care services are reimbursed,
aspects of financing, of political priorities, of the intention to primarily generate profit,
or of legal and governmental actions are not considered here. They might be of equal or
of even more influence on HIS developments. Whereas in the past technology was often
a major limiting factor, the mentioned future opportunities of HIS developments now
often are limited by traditional health care planning and organization and respective
legislation and reimbursement schemes, not considering the new opportunities of HIS
developments.

Evaluating HIS has been and is an important additional factor for HIS developments,
which could not be discussed here (e.g. [129], [130]). Systematically evaluating HIS and
their benefits for entities for health care, for health care facilities, for public health, and
for research in biomedicine and health sciences through well-designed studies (if possi-
ble, through randomized trials) remains a major issue.

The author also wants to refer to topics, mentioned in [53], pp. 605-607, for medical
informatics research fields. Many of them correlate to HIS developments, such as “seam-
less interactivity with automated data capture and storage for patient care, and beyond”,
“informatics diagnostics”, “informatics therapeutics”, “informatics capability-enhancing
extensions, both mental and physical”, or “automated, individualized health advice and
education”. Although they would have been worth to be discussed in more detail, they
have been touched only marginally here in order to have the major HIS development
paths in the focus.

Last, but not least, education has to be mentioned as important additional factor for
HIS developments. Education here is twofold. One the one hand education concerns
empowering HIS users, i.e. entities of care such as health care professionals, informal
caregivers and patients / persons concerned. On the other hand it concerns adequately
educating specialists in HIS architectures and HIS management. The latter has briefly
been touched in paths A7 and As.

5.4. Discussion Qutcomes from Frank-van-Swieten-Lectures and ICIMTH
As mentioned at the beginning, before the Symposion on October 2022 in Athens these

thoughts have been presented and discussed during the 2021 and 2022 Frank-van-
Swieten-Lectures and during ICIMTH 2022.
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In particular in the 2022 discussions it was raised that two additional development
paths might have been worth to be mentioned in addition:

Interoperability standards, because of their importance as well as because of the progress
achieved.

Devices, as in particular tremendous progress has been made through mobile devices
with their ‘apps‘, and that this progress has significantly influenced and improved
functions and features of HIS.

In the development paths, the author considered as relevant, standards were part of
the As path on data to be processed and devices were part of A; on architectures of HIS.
The author agrees that it might be worth to consider standards and devices as separate
paths, as well as some other paths, mentioned in section 5.3.

One colleague - well-known, high-qualified and well-respected, not only by the
author - added that in his opinion the mentioned future developments in HIS are already
a reality. Here the author did not share this opinion and suggested to run studies in order
to see whose opinion is more in line with the reality of HIS.

5.5. Call for Research

The views of HIS developments, described here, reflect the author’s personal views of
HIS developments. Others are kindly encouraged to do research on the statements made,
e.g. on some of the development paths. Can it be shown that the author’s statements on
paths are correct or wrong? And if they could be shown as being wrong, are there other
development paths with better evidence? Is there any data to verify or falsify some of the
statements? Or is there any data to specify development paths more precisely?

5.6. Call for Discussion

The author wants to put the presented views on past, present and future HIS develop-
ments up for discussion. Comment on these views, critically discussing the author’s
statements in each of the paths and so participating in a debate on HIS developments, are
very welcome.

Unfortunately, there was no immediate invited discussion of the paper, resulting of
the 2004 Lecture ([26]). Such a discussion, however, took place on a related paper, fore-
casting related future developments in 2000 for the year 2013 [128]. It might be of
interest looking at the invited comments there, with a very broad view on how HIS
developments should support health care [131]-[143] and at the reflections made in 2013
[144]-[147].

6. “Now here I am, a fool for sure! No wiser than I was before”?

The conclusion section starts with recalling and commenting the two quotes of section
2.4:

With respect to the quote on architecture, we have to recognize that we are still on
our way to reach the goal of building HIS, where users enjoy “relaxing, working, learning,
buying, manufacturing, and worshipping” [39] (p. 6). Transposed for HIS this means:
where entities for health care are appropriately supported and enabled through HIS in
delivering good health care for people in their various life situations. And so, for HIS
specialists, to having designed HIS “with love and tender care as well as function in mind”
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[39] (p. 6). It has to be added that systematically dealing with the theory and practice of
the architecture of buildings and with their engineering has a much longer tradition than
dealing with HIS architecture and HIS management. Books on architecture of buildings
have already been published two thousand years ago [148]. Another significant
difference can be found in the materials to be used. For the engineering of buildings, they
developed rather steadily, at least as far as the author can see. For information systems
there was a huge change in the materials to be used, when computers with their software
products became available during the last century.

With respect to the quote on medical informatics, we can see that also for HIS we
are “engaged in an exhausting, but exhilarating struggle with one of the biggest challenge
that science is facing” [52] (p. 25). Even more, HIS developments will remain a major
topic for future medical informatics research, practice, and education.

This conclusions section closes by giving an answer to the question:

Shall or shall we not say with respect to HIS developments
“Now here I am, a fool for sure! No wiser than I was before”?

and so referring to Johann Wolfgang von Goethe‘s Faust [17] (p.19), as mentioned
in section 1.4. After describing HIS developments in past and present the answer is
evident, at least in the author’s opinion. With respect to HIS developments Goethe‘s
Faust statement can not be applied. We are wiser now! We learned many lessons! There
were tremendous developments in the past and we can contribute to such developments
in the future: For good health care for people in their various life situations. Present HIS
are much better than HIS of the past and probably nobody would want to get back to a
past state. We, however, also have to recognize that we are by no means at the end of
HIS developments. It seems that we are still in the middle or even at the beginning. There
is room for continued improvement with an end of HIS developments far from sight.
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