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By

Pontus Fryk
ABSTRACT
This thesis examines how investments in IT, and the digitization of information flows, have
affected health care productivity. Through empirical investigations of health care processes –
along with discussions based on notions derived from theories related to e.g. economics, the
Productivity Paradox, General Purpose Technologies, and medical informatics – effects from
digitization are detected and analyzed.
An important point of departure is the so called Productivity Paradox, which raises the question
why previous comprehensive investments in IT seemingly have not generated the anticipated
productivity growth. Researchers have debated this dilemma for many years now but no
sufficient explanations have been put forth. This is so due to a prior focus on snapshot
descriptions, founded on macroeconomic statistics and aggregated data, which has resulted in
ambiguous conclusions about IT and economic development. Thus, in order to really describe
the effects from digitization, the process investigations mainly are carried out at the organization
or department level, and from a qualitative and historical perspective.
Furthermore, in the current research, it is believed that too narrow definitions of IT and
productivity have contributed to the overlooking of benefits from digitization. Therefore the
term IT is extended to include technology for collecting, storing, processing, retrieving, and
communicating data, text, images and speech. Moreover, this definition includes both
administrative and embedded IT. Also, the traditional definitions of productivity are questioned,
and the concept is given a broader meaning in order to capture all possible benefits and/or
disadvantages from IT investments.
The results and analysis presented in this thesis show that productivity within health care has
increased immensely thanks to investments in IT. In general, the treatment processes have been
speeded up, health care quality has improved, and the cost effectiveness has been significantly
enhanced. In other words, by introducing new thoughts regarding the Productivity Paradox,
more effects from digitization are detected and analyzed. However, there are some problems
connected to the implementation, adoption and diffusion of IT within health care, and they are
also given proper attention throughout the current work.
This work has been supported by the foundations of Jan Wallander, Tom Hedelius, and Tore Browaldh
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SAMMANFATTNING
Denna avhandling undersöker hur investeringar i IT, och digitaliseringen av
informationsflöden, har påverkat produktiviteten inom sjukvården. Genom empiriska
undersökningar av avgränsade sjukvårdsprocesser – samt diskussioner baserade på idéer
och teorier relaterade till ekonomi, ”produktivitetsparadoxen”, så kallade General Purpose
Technologies (GPTs), och medicinsk informatik – detekteras och analyseras effekter av
digitaliseringen.
Produktivitetsparadoxen – vilken ställer frågan varför tidigare omfattande investeringar i
IT till synes inte har genererat de förväntade produktivitetsökningarna – är en viktig
utgångspunkt i föreliggande studie. Forskare har dryftat detta dilemma i många år men
hittills har inga fullständigt tillfredsställande förklaringar lagts fram. Detta beror till stor
del på att tidigare forskning huvudsakligen har inriktat sig på makroekonomisk statistik
och aggregerade data, vilket har resulterat i otydliga eller ofullständiga slutsatser angående
IT och ekonomisk tillväxt. För att verkligen beskriva effekterna av digitaliseringen är
denna forskning istället baserad på undersökningar på mikronivå (organisations- eller
avdelningsnivå) ur ett historiskt och kvalitativt perspektiv.
En annan viktig tanke som genomsyrar denna avhandling är att för snäva definitioner av
IT och produktivitet har bidragit till förbiseende av många nyttor till följd av digitalisering.
Därför utvidgas termen IT här till att inkludera teknologi för att samla, lagra, bearbeta,
återfå och kommunicera data, text, bilder och tal. Dessutom omfattar denna definition
både administrativ och inbäddad IT. Vidare ifrågasätts de traditionella definitionerna av
produktivitet, och begreppet ges en bredare betydelse för att fånga upp alla möjliga nyttor
och/eller nackdelar som kan härledas till IT investeringar.
Resultaten och analysen som presenteras i denna studie visar att produktiviteten inom
sjukvården har ökat enormt tack vare IT-investeringar. Generellt sett så har
sjukvårdsprocesserna snabbats upp avsevärt, sjukvårdskvaliteten har förbättrats, och
kostnadseffektiviteten har ökat. Med andra ord, genom att introducera nya tankar gällande
produktivitetsparadoxen, har fler effekter kunnat detekteras och analyseras. Det finns
emellertid också många problem förknippade med implementering, användande och
spridning av IT, vilka ges tillbörlig uppmärksamhet i denna undersökning.
I förlängningen bidrar analysen av digitaliseringseffekterna till en ökad förståelse för hur
”IT-fieringen” av modern sjukvård påverkar dess produktivitet i form av exempelvis
bättre (och även helt nya) behandlingsmetoder, förkortad konvalescens och snabbare
patientflöden. Vidare ges förslag på hur implementeringsförfaranden kan skötas smidigare
än tidigare, vilka problem relaterade till digitalisering som bör beaktas och lösas, samt
vilka möjliga framtida nyttor som skulle kunna realiseras och hur.
Detta torde vara av intresse för yrkesverksamma inom sjukvården, patienter, politiker som
skall besluta om sjukvård, och även samhället i stort. Det övergripande målet med
avhandlingen är således att underlätta utvecklingen mot en alltmer digitaliserad – och
förhoppningsvis därav förbättrad – sjukvård genom att fördjupa förståelsen för relationen
mellan IT och produktivitet.
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FOREWORD
The current research is conducted within the ITOP Research Program (Impact of IT On
Productivity). The program uses the so called Productivity Paradox as a major startingpoint. This term is derived from the notion that there is no clear connection between IT
investments and productivity growth. In other words, until recently, studies based on
aggregate data have failed to prove that digitization contributes to economic growth.
Today, however, positive effects of IT investments on productivity have been reported,
but the overall value of IT is still under debate.
Previous research has focused largely on IT capital spending and not how the technology
is actually used. The ITOP program, in contrast, has adopted a micro-level approach
based on empirical investigations of generic processes in order to study both
administrative and embedded IT. The research strives to detect effects from digitization
by looking at limited processes before and after the introduction of IT. In addition to
effects on productivity as traditionally measured, numerous other benefits of IT, some of
them not even measurable, are identified.
This research would not have been possible without the great financial support from the
foundations of Jan Wallander, Tom Hedelius, and Tore Browaldh, which is deeply
appreciated.
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INTRODUCTION
This chapter provides a brief description of the current investigation’s background, and gives indications
regarding the outline of the thesis. Also, the purpose is to introduce the major research question and a few
of its associated queries. Besides this, the chapter puts forth a concise account of the research design, and
the anticipated results and scientific contributions. In conclusion, it is a summarizing point of departure for
the entire research presented in the monograph in question.
In many countries today, there is a growing demand for a national Information
Technology (IT) infrastructure as regards health care. This want foremost pertains to
health care professionals and private persons, but such infrastructures are also thought to
profit the entire national economies. This is recognized on a political level as well: for
instance, in Sweden, a national IT strategy for health care has been developed by the
government together with other key actors. Amongst other things, the strategy includes
infrastructural features like IT facilitated communication systems which, subsequently,
would allow medical professionals to communicate with each other, and with patients, in
a more resourceful manner.
Moreover, these IT investments would make it possible for medical professionals to fetch
patient information from central databases, and for patients to review their own medical
information. Thus, a similar infrastructure is believed to benefit the whole society.
Primarily, though, this is thought to make health care more accessible and efficient due to
the possible utilization of citizens’ own health care home pages, with patient journals,
treatment programs, referrals, medical history records and so forth. In this way the
patients, with the aid of certain medical apparatus, would be able to perform some of the
health care procedures themselves. And the communication between patients and
professionals would probably be much smoother.
However, up till now, the above-mentioned and sought after developments have not yet
taken place outside experimental projects (at least not to a significant extent in Sweden).
Thus, the widely discussed so called “IT revolution” within health care is perceived as
approaching, but not yet here. There are, though, examples of more developed national
health strategies such as the National Health Service (NHS) in the UK. But the
implementations of their systems have been far from frictionless, and the current state is
criticized by many.
On the other hand, the IT development concerning highly sophisticated medical tools
and machinery is astonishing. In fact, most of the extremely advanced IT solutions today
are seen in health care equipment, e.g. devices for scanning the brain and performing
surgical operations within the body with physicians not even being in the same room as
the patients.
As stated by Carlsson (2006)1, while examining percentages of establishments using the
Internet for business processes in different industries, the category health care and social
assistance only has a 9.8 percentage share, compared to for instance finance and insurance,
which has a 19.9 percentage share, or management of companies and enterprises, which has a
The selection presented in the investigation consists of several European and US metropolitan areas. For
details, see the specified article.

1

1

27.9 percentage share. This certainly says something about the actual IT usage in health
care. On the other hand, the Internet is only one of the ITs of relevance, while all IT
usage within health care is of interest in this thesis. If Carlson’s statistics had included
other kinds of IT (aside from the Internet), health care and social assistance would have shown
a higher percentage share.
In other words, there are several kinds of IT within health care, and they have not always
developed concurrently. Therefore this thesis distinguishes between two central
categories, namely “administrative” and “embedded” IT. The former consists of
administrative means, such as patient information systems, databases and communication
aids, while the latter is mainly constituted by IT embedded in medical tools and
machinery. The most important thing, though, is that the present investigation primarily
deals with IT as digitized2 information flows. Consequently, analogue IT in the form of,
for instance, paper and pencils is of no key interest here.
Furthermore, as early as 1994, the Standish Group published The Chaos Report stating that
less than 30% of all IT implementation projects are successful as regards beforehand
stipulated deliverables such as budget, time frame, and functions. Today, instead, many
people argue that the competitive advantages, and the positive productivity effects, of IT
investments are disappearing because IT is becoming a commodity. For instance, Carr
(2005) goes so far as to say that, in fact, IT does not matter anymore – IT investments are
just a cost of doing business and will not provide any specific contributions to the success
of organizations. In this thesis, however, many of Carr’s, and similar controversial
arguments, are questioned, since they are believed to be based on too narrow notions of
IT. One aspect of this, which is examined in this study, is that within health care both
administrative and embedded IT, which is more or less visible, is utilized, and when
considering all kinds of IT it becomes clear that IT investments do contribute to
productivity.
In addition, during this work’s preparation phase, an interesting relationship between
administrative and embedded IT was discovered. Already at an early stage a certain
amount of apparent resentment towards the development of administrative IT, such as
digitization of patient medical records, was detected amongst staff. Moreover, it became
clear that there is not much knowledge about the embedded IT in medical tools and
machinery. These notions are considered fascinating – how can an industry that strives to
be on the forefront of high tech development at the same time be skeptical to the same
technology? And how does that affect productivity? Throughout the current investigation,
efforts will be made to answer these questions and more.

THE PARADOXICAL FEATURES OF MEASURING IT’s EFFECTS ON PRODUCTIVITY

The above-mentioned developments obviously depend on wide-ranging investments in
IT, and – since several decades – such investments indeed have been made throughout all
of society. However, in a lot of areas the expectations caused by these enormous
expenditures have not been met. The field that has left its practitioners, researchers and
analysts most disappointed and bewildered is perhaps the one trying to measure how IT
In this thesis, “digitization” means the transformation of analogue information to digital, in the form of
the binary numeral system suitable for computer processing.
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investments, and subsequently implementations, affect productivity. The major quandary
has been that, when using traditional theory and models, the investments seemingly have
failed in increasing productivity growth. The American economist Robert Solow put these
notions into words when he said that “you can see the computer age everywhere but in
the productivity statistics” (Solow, 1987, p. 36). Since then this complex of problems has
been pronounced as the Productivity Paradox (or the Solow Paradox).
So, for long, the prevalent opinion was that investments in IT do not generate
productivity benefits. But since the mid 1990s researchers increasingly have challenged
this statement, and now the issue is deemed somewhat more intricate than previously
anticipated. It turns out that the established definitions of IT and productivity, and the
measurement methods used, do not always capture the actual benefits (and in some cases
disadvantages), although they often exist. Thus, the common understanding, at least
partially, has shifted towards a conviction that IT does affect productivity to a
considerable extent. This thought also represents the belief pervading this thesis.
What is more – especially when talking about health care – productivity benefits are often
hard to estimate due to the complex nature of the output. Obviously, it is hard to measure
the healthiness of patients or the effectiveness of treatment procedures etc., and translate
such phenomena into productivity terms. This is one main reason why the work at hand
is believed to render valuable contributions through the empirical investigation of actual
productivity fluctuations caused by digitization of information flows.
Except for the interesting relationship between digitization and productivity, the major
reason for choosing productivity as the key component for estimating health care
production as regards e.g. quality, effectiveness, efficiency and convenience is that
productivity is perceived as a truthful assessment tool in the current context. This is
further described in the Theoretical Framework and Research Design chapters.

INTENTIONS AND RESEARCH QUESTIONS

In other words, there is a great demand for further IT implementations and digitally based
cooperation within modern health care. The question is how much the concerned parties
actually benefit from the utilization of IT. Considering the before mentioned skeptical
currents, one might think that IT does not improve productivity conditions. However,
there most likely are positive (and perhaps also negative) effects from digitization that
have not been considered before. And detecting and scrutinizing them probably requires
redefinitions of the fundamental concepts – IT and productivity. Additionally, it is
presumably necessary to adjust these notions to health care, so as to analyze the relevant
aspects in a suitable manner. For instance, during the initial stage of this project, it
became clear that the perception of IT and productivity in health care is rather different
from the one represented in conventional economics. This seems quite natural, though,
because how are occurrences such as enhanced health care quality, increased patient
satisfaction, and improved quality of life transformed into monetary terms? Furthermore,
what is expressed as embedded IT here, or just IT, is often accounted for simply as
technological tools and machinery – not information technology – by health care
professionals and associated economists.

3

Thus, in light of the above, the aim of this study is to investigate what effects IT actually
has had on productivity within health care. There are in fact many strong indications of
considerable changes in productivity: new embedded technology enables physicians to
perform highly advanced surgery, digitized medical records and x-rays can be sent
between hospitals, and even countries, and digitized over-all administrative and economic
systems facilitate everyday activities.
Moreover, the intention is to detect and describe effects of both measurable and
intangible character in order to investigate how IT implementations actually affect health
care staff, patients and society. In other words, these effects do not have to be monetarily
and/or quantitatively measurable in order to be of interest. The major issue is how they
affect productivity – in one way or another.
What is more, in an attempt to fully illustrate the development from analogue to digitized,
and thereby hopefully better understand the digitization effects, this thesis examines the
digitization processes starting just before the first signs of digital elements. Hence, this is
an investigation of the digitization of health care from a longitudinal perspective. Finally,
and to specify the objective further, the main issue is how the digitization of information
flows – rather than IT per se – has influenced productivity. This distinction is made to
avoid the traditional connotations of IT and to move past the rudimentary types of IT not
involving digitization. Thus, the principal research question, derived from the previous
discussions, is stipulated as follows:
How has digitization of information flows affected
productivity within health care?
The point of departure for answering this question is a comprehensive empirical
investigation mainly consisting of qualitative in-depth interviews with concerned parties –
e.g. physicians, nurses, administrative personnel, and economists. Furthermore, because it
has turned out to be problematic to estimate changes in productivity growth from IT
investments on an aggregated national level, this study is performed on a micro level – i.e.
at individual health care institutions. With the purpose of generating fairly generalizable
conclusions, the focal objects are generic processes where digitization has begun, and
continued, throughout the last decades. Here, the term generic means that the processes
exist, and function practically the same, at most health care institutions.
So, the investigation foremost concerns the digitization development of generic processes
within health care. Additionally, during the initial phase, it was discovered that exploration
of at least three processes (representing three key areas) was necessary in order to grasp
the wide-ranging digitization.
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Consequently, the following processes were studied: prescription handling (administrative)3,
laparoscopic surgery of cysts on the ovaries (clinical) and diagnostic projection radiography (diagnostic).
By doing this selection, three main areas of health care – administrative, clinical (surgery),
and diagnostic – are hopefully given the appropriate attention. These processes are also
delimited to solely entail the procedures from when patients arrive at the current medical
institution, until when patients leave the same establishment or when treatment is
considered completed (regarding the problem at hand).
Moreover, this investigation resembles traditional case studies in most aspects. The
central research object is Danderyd University Hospital, where the processes are
thoroughly scrutinized through interviews. However, the same processes are also
examined at other health care institutions for triangulation – and thereby validation – of
the results. In addition, the interviews are complemented with on-site observation and
reviewing of secondary sources such as relevant literature, reports, process charts,
statistics, etc.
After the empirical phase, the main goal is to assemble the detected effects from
digitization and categorize them in a perspicuous and scientifically rewarding manner. The
next endeavor is to determine which effects that are relevant from a productivity
perspective, and how they affect productivity. The final step consists of drawing general
conclusions regarding digitization effects on productivity growth within health care.
Another important ambition is to study how the IT implementations actually are
perceived and utilized by health care professionals and patients (with emphasis on the
former group). So, during the search for answers to the major research question,
additional efforts are made to investigate how well the digitization is received and
employed. For instance, relevant and interesting subordinate questions would be: if the
seemingly unlimited technological possibilities are not made the most of, why is that?
What can be done in order to optimize positive effects of digitization? How can health
care professionals be motivated to accept, appreciate, and use information technology in a
productivity promoting manner? How should digitization within health care be carried
out so as to fulfill sought after goals?
Nevertheless, the above questions are conscious detours and treated as bonus material.
Should merely one of them be somewhat answered it is perceived as very satisfactory. In
the end, the remaining decisive objective is to detect and explain effects of digitization of
information flows on productivity within health care.

3 It could easily be argued that the intensely debated digitized patient journal systems would be of interest
here. However, they are deliberately disregarded in the present investigation. The main reason for this is
the current process focus – systems are perceived as being of subordinate importance. In addition,
digitized patient journal systems have already been thoroughly researched, and the subject is also too
political, complex and extensive to fit in the current context. Since this thesis’s primary objective is to
investigate the all-embracing effects of digitization, there is no room for in-depth studies of separate
occurrences (which are virtually impossible to delimit) of this character. Furthermore, this investigation
takes little interest in the mere evaluation of information systems, and leaves such matters to medical
informatics researchers, although some necessary aspects connected to evaluation is handled in the
Theoretical Framework chapter.
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ANTICIPATED RESULTS AND CONTRIBUTIONS

On a general and basic level, the aim is to better understand how the topical kind of IT
affects health care personnel, patients and society. But, as mentioned above, the specific
purpose is to investigate how it affects productivity. Thus, the ambition is to generate
relevant and interesting results that can be comprehended in the context of concepts like
productivity and IT. And, with a bit of luck, these results will give some equitable, and yet
innovative, answers to these questions.
On a more scientific note, the expected academic (but eventually also practical)
contribution consists of shedding some light on the Productivity Paradox dilemma. One
of the key strivings is to move past previous theory, as regards muddled IT-induced
productivity measures, and actually say something about reality. Theoretically, efforts are
made to suggest how IT’s impact on productivity growth can be assessed. Although the
investigation exclusively handles health care, it seeks to maintain a generalizing tone in
order to explain the all-inclusive – irrespective of the industry at hand – relations between
digitization and productivity.
Finally, from an even wider perspective, the results of this study might help health care
professionals, concerned politicians and systems designers to manage health care
digitization in a better way. Subsequently, the development, implementation and
utilization of IT systems, and embedded IT, can be better adjusted to the health care
context and bring about an improved health care situation. Also, if nothing else, the
results can enhance the awareness, and increase the understanding, of problems
connected to digitization within health care, and thereby enrich the initially mentioned
discussion.

OUTLINE

This report starts off with a description of the theoretical preconditions. The necessary
clarifications regarding definitions and important concepts are put forth at this initial
stage. Next, an account of the research design is given, so as to explain how the empirical
investigation is prepared and executed, and how the collected material is assembled,
structured and analyzed. Moreover, a discussion on the subject of validity and reliability is
carried out in conjunction with the explanation of the methodological choices.
Thereafter, a presentation of the research object and its context follows.
After these preparatory chapters, the actual empirical work is depicted. The examined
processes, and their developments, are carefully elucidated and the effects of digitization
are briefly touched upon. Subsequently, the results are presented in a separate chapter. In
this section, the detected effects are categorized and tabularized according to the
guidelines described in the Research Design chapter. In addition, some deepened insights
regarding digitization effects are put forth.
The following chapter includes an extensive analysis of the results. Here, the effects are
further categorized and thoroughly scrutinized. Also, the effects, and observations about
their impacts, are discussed in a broadened perspective. Afterwards, drawn conclusions,
and suggestions concerning possible future research, are explicated and discussed in the
Concluding Remarks and Future Research section at the end of the thesis.
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THEORETICAL FRAMEWORK

In order to conduct and present the current work, some theoretical aspects have to be elucidated. Health
care, in Sweden and in general, is affected by several issues due to the nature of information and
communication technologies, and numerous productivity assumptions. So as to describe these preconditions,
give an account of the current context in which health care is produced, and explain important implications
for this research, a theoretical framework is put forth in this chapter. Noteworthy is that this chapter
serves as a foundation for forthcoming analysis and discussions rather than touching upon practical issues
regarding the empirical investigation. Instead, this is done in the Research Design chapter.

PRODUCTIVITY AND THE PARADOX

This thesis examines the way digitization of information flows, commonly perceived as
IT, has changed health care during the last decades. It is fairly obvious that extensive IT
investments have been made throughout all of society, and also within health care, for
many years now. A great dilemma connected to these investments, however, has been the
difficulties in finding a reasonable approach to measuring their effects. The reasons are
many – e.g. unclear definitions of investments, productivity and IT, and the fact that IT
(or digitized processes) exists in a lot more systems than might be discovered at a first
glance. Furthermore, the effects of IT have a tendency to occur in other places than
expected. Also, they might arise after a considerable amount of time, and result in benefits
or disadvantages that are hard to directly link to the previous investments (Oz, 2005).
Basically, the notion of the productivity paradox of IT investments arises from the fact
that the benefits from these investments have not been found in aggregate output
statistics (Brynjolfsson & Hitt, 1996b). And a lot of research during the late 1980s and
early 1990s seemed to confirm this notion – e.g. Dos Santos et al. (1993) and Strassmann
(1990) who argued that the Net Present Value (NPV) of IT spending had been zero. In
addition, Loveman (1994) concludes that, in his investigation, IT investments can not be
proven to affect output positively. However, Dos Santos et al. (1993) distinguish between
innovative and non-innovative IT investments, where the former kind actually is claimed
to somewhat increase firm value and the latter is not. This is believed to have
consequences when discussing health care in the present thesis, because substantial parts
of the IT investments in health care are thought to be innovative, in the sense that they
facilitate highly sophisticated surgery and allow completely new ways of handling
information.
In contrast to Dos Santos et al. (1993) and Strassmann (1990), Brynjolfsson & Hitt
(1996b) use similar methods in their investigations, but assert that the productivity
paradox disappeared in 1991. They do so because their results indicate an average 81%
gross marginal product (MP) for computer capital, which implies a considerable
contribution to firm output. This also suggests that the MP of computer capital is at least
as large as the MP for other capital investments. They mean that some explanations to
this can be that their data set is larger and their sample more current. Notable in this
discussion, though, is the word “output”. These studies mainly focus on economically
measurable outputs at a given time. But, as will be shown, the term “output” is regarded
as more complicated in this thesis.
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In their inclusive literature reviews Dedrick et al. (2003) and Brynjolfsson & Yang (1996)
question the unfulfilled promises of great returns on IT investments during the 1980s.
They conclude that the productivity paradox, as originally expressed in the late 1980s, is
not really valid anymore. The authors believe that, due to enhanced knowledge and
refined research methods, the paradox is at least partially solved. According to them, the
benefits from IT investments are indisputable and statistically significant. However, they
still do not consider this matter fully investigated. In fact, the actual benefits are regarded
as even more numerous and extensive than previously understood. As said by
Brynjolfsson & Yang (1996), the reasons for these misconceptions can be inaccurate
measurements of outputs and inputs, time lags because of learning and adjustment,
redistribution and dissipation of profits, and mismanagement of information and
technology. These explanations are regarded as extremely important in this thesis.
Thus, when investigating how digitization of information flows has affected productivity
within health care, sincere efforts will be made in order to take these possible
explanations into consideration. For instance, more or less intangible outputs such as
enhanced health care quality, improved communication and possible further
developments will be investigated. Also, the notion that benefits from IT investments
often occur over time (e.g. Devaraj & Kohli, 2003a, 2003b; Ark, 2002), and due to
synergies with complementary investments (e.g. Brynjolfsson & Hitt, 2000) is emphasized.
Moreover, Brynjolfsson & Hitt (2000) have scrutinized why the benefits from IT
investments have been so hard to measure. Their main explanation is that traditional
economic analyses on an aggregate level do not capture all benefits and costs. To some
extent this also pertains to micro level case studies of firms, due to inabilities to extract
and measure intangible parameters. Both input and output can include such indefinable
elements, which complicates the matter even further. The authors present some examples
of possible intangible costs and benefits: necessary reorganizations, further investments,
availability, convenience, enhanced product or service quality, improved customer
relations, new products, etc. Another major point in the article is that IT investments do
not generate productivity gains per se. They require careful preparations, extensive
learning, and organizational and workflow-related restructuring in order to produce
optimal effects. This, as will be shown, is also the case within health care.
Brynjolfsson & Hitt (2000) also underline that the benefits from these investments do not
arise immediately. On the contrary, they usually occur after a varying amount of time,
depending on the diffusion and adoption of the new technologies. Another important
aspect is that the technological development facilitates (or necessitates) new investments,
both monetary and organizational, which in turn can generate productivity gains in the
form of improved, or new, products and/or services. These complementarities, and the
following effects, are unfortunately often difficult to measure as well (Carlsson, 2004).
David (2000) also recognizes several reasons for the productivity paradox. First of all he
emphasizes misleading, ambiguous and obsolete productivity measures. In addition, he
discusses overconfidence in aggregated statistical data, overestimation of inflation and
underestimation of deflation, underestimation of problems concerning systems
maintenance and design, poorly adjusted work processes and organization structures,
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underestimation of relative increase in hard-to-measure outputs, and historical
technological preconditions as possible explanations. All of these aspects, except the
inflation and deflation issues, will be touched upon in the analysis section of this thesis.
Furthermore, Stiroh (2002a, 2002b) argues that IT has had substantial positive and real
effects on productivity at aggregate, industry and firm level, although the methods for
analysis should be somewhat diverse when investigating different levels. Using various
novel indexes of IT capital or IT usage, the aggregate level can be approximately analyzed.
But, as regards industry and firm level, more elaborate techniques – such as empirical and
qualitative work – might be necessary. However, while noticing indisputable encouraging
productivity trends due to IT investments, he concludes that all questions are far from
answered. The vague perception of IT and productivity needs to be further clarified by
innovative research. These conclusions are shared by Fuchs (2000), who uses similar
arguments while discussing these matters from a health care perspective. He advocates a
somewhat interdisciplinary approach and believes that “usage” is a key issue when trying
to understand IT and its effects on productivity within health care. In other words, it is
important to consider behavioral aspects in this context. This is so because if nobody
make use of the new possibilities due to IT (which is often the case, as argued by e.g.
Fuchs, 2000), the investment efforts are rather futile. As the current investigation deals
with analogous matters, an open attitude towards the assorted mechanisms behind
successful IT implementations will be maintained.
This discussion regarding IT investments’ effects on productivity growth has also been
given considerable attention in Sweden. For instance, Apel & Lindström (2003) establish
that, as a result of new data for the IT capital in Sweden, these effects can be further
investigated. This, in turn, indicates more plausible evidence for a positive trend. But just
like in the cases above, numerous aspects yet have to be examined. There is still a need
for more comprehensive and relevant data, along with clearer and more inclusive
definitions of IT and productivity. These results further imply the need for a micro level
and industry specific approach in this thesis. And owing to this, the current empirical
findings will be analyzed with respect to previously made points. The specific methods for
analysis are put forth in detail in the Research Design chapter. However, taking the above
stated into account, the current investigation relies on the assumption that the paradox, at
least partially, can be successfully fought and rewarding conclusions regarding IT and
productivity can be drawn. It is merely a matter of applying the suitable methods and
definitions, without excessive confidence in fixed variables and monetary values. As
previously hinted, the common approach in similar research is to divide the modes of
analysis into different levels of aggregation – e.g. firm, industry and national level. In this
thesis, though, the firm (or organization) level is believed to generate more enlightening
results.

INFORMATION AND COMMUNICATION TECHNOLOGIES

The term IT has often been associated with the mere distribution of information in terms
of internal information systems (IS) or the Internet etc. However, here the term is
extended so as to entail technology for “collecting, storing, processing, recalling, and
communicating data, text, images and speech”, as presented by SIKA (2004) when
defining Information and Communications Technology (ICT). In other words, IT is
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considered equal to the concept of ICT in this thesis. An additional important current
assumption is that IS do not equal IT, they might constitute one IT amongst others, but IT
entails much more. For instance, an ERP (Enterprise Resource Planning) system is an
information system, which can be regarded as an IT, but IT is a wider concept, that can
include more components. This might be understood by thinking of the ERP system as a
part of the whole organization’s IT infrastructure, including both administrative and
embedded digital technologies.
Another definition, or limitation, made here is that the ITs of interest consist of, or
handle, digitized information. Therefore, one important hypothesis is that the world is
moving from relying on physical information flows towards an increasing use of digitized
information flows, as described in Carlsson (2004). Of course, paper and pencils is a form
of IT, but consequently of no primary importance here. Additionally, distinctions between
data, information and knowledge are made throughout the entire thesis: data is perceived
as symbols that can be stored and transferred, but they lack meaning until they are put
together by humans or machines. Information is generated when data is arranged in, or
transformed into, meaningful clusters by humans or machines. Knowledge is created
when information is interpreted and understood by humans.
So the common, and conceivably rather brusque, definition of IT as being the simple
handling of information between humans is broadened to involve a wide range of
processes and supporting digital technologies embedded in increasingly sophisticated
machines and equipment, and assorted digitized IS. To be precise, two types of IT are of
vital importance in this investigation. First, the traditional, by most people rather known,
feature of information technology in the shape of digitized communication and
administration. And second, information technology systems embedded in machines and
equipment. These systems can be vital parts of tools such as supermarket scanners,
vehicles or medical apparatus (David, 2000). Due to the complicated and often invisible
nature of the latter kind, it has often been disregarded, or handled as machinery
investments, in statistics and poorly represented when discussing IT implementations
effects on productivity. Here, these two types of IT are given equal treatment in the final
conclusions.
There are, however, numerous other, and more official, definitions of IT. For instance,
those used by the U.S. Department of Commerce (USDC) and the research project
Macro-economic and Urban Trends in Europe’s Information Society (MUTEIS). The
common meanings usually include hardware, software and telecommunications. But
except for those subdivisions, IT definitions also often include “content providers” and
“other services”, and the treatment of these phenomena varies a lot. For example, the
MUTEIS definition includes IT content such as publishing, advertising, motion picturerelated activities and business activities, whereas the USDC definition excludes all of the
above (Carlsson, 2006). The definition of IT in this thesis, though, includes all forms of
digitized information handling. And this is so because it is believed to reveal more real
benefits of IT investments within health care.
IT AS A GENERAL PURPOSE TECHNOLOGY

IT is sometimes referred to as a General Purpose Technology (GPT). Occurrences such
as electricity and the steam engine changed societies in most aspects when they arrived,
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and keep on being of decisive importance (Rosenberg & Trajtenberg, 2001; David &
Wright, 1999; David, 1999). Perhaps their main and common feature is that these
innovations, together with additional investments, affect all of society through numerous
fields of application. Hence, the name GPT. What is more, their characteristics are often
assumed to imply certain behavioral issues that can be valuable when analyzing similar,
but more novel, technologies like ITs.
Some researchers (e.g. Carr, 2006) state that IT is a GPT, and that fact is important when
understanding the productivity paradox and the unfulfilled hopes of productivity gains,
due to enormous IT investments, during the last decades of the 20th century. Others
believe that IT can not be compared to great inventions such as electricity – its impact on
e.g. productivity is simply not comprehensive enough.
In the present thesis, the explanation of IT as a GPT is perceived as a way to elucidate
how IT’s positive effects on productivity occur over time and depend on additional
investments. A nice and descriptive way of putting it, which corresponds to the
hypotheses in the present investigation, is in the words of Nahuis:
“The computer is not simply a new gadget that is installed and improves productivity. The
computer opens new opportunities with respect to the organisation of work and the
innovative process. The full benefits of the IT revolution are not realised immediately. It
takes time and resources to see and learn about the possibilities the new technology offers.
Up to now the computer still imitates a paper-oriented culture and discoveries of new
opportunities are still being made. […] a technology with characteristics as outlined above,
such a technology is called a General Purpose Technology (GPT) […]” (Nahuis, 1998, p. 3)

Although this statement is almost ten years old, and primarily includes computers, it can
fairly easily be applied to the current extended concept of IT including the Internet. And,
as seen throughout history, these technologies need a period of maturity along with
additional investments in order to generate benefits. In other words, they are enabling
technologies that are more or less useless on their own, without an intricate and
supporting context. To put it frankly, it is rather meaningless to give somebody a
computer, and an Internet connection, and just tell them to start working with it, and
disregard all previous routines. At least if it is the first time this person sees a computer.
But with training, sufficient user information, reorganizations of workflows, and clearly
explained possibilities, these innovations can generate enormous benefits.
Criticism against this line of thinking is, however, also rather common. For instance,
Gordon (2003) recognizes that the long awaited productivity growth did not coincide
with the IT investments peak in the 1990s. He also concludes that dropping costs of
technology (in this case computers and computing) usually entail continuous
technological advances, which in turn normally should lead to productivity growth.
According to his research, though, this growth failed to appear. Gordon explains this in
several ways: He also believes that similar investments depend on further innovations and
investments. But his main explanation is that productivity gains include immeasurable, or
hidden, human-related benefits. Nonetheless, on the contrary to above-mentioned
arguments, he is convinced that IT and the Internet is a “first rate” innovation, while
electricity is a “mega” innovation. In other words he rates innovations as “mega”, “first
rate” and “second rate”, where electricity (a GPT according to Gordon) is called one of
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“the great inventions of the past” and outranks IT and the Internet (not a GPT according
to Gordon). Also, he deems future spin-offs from IT and the Internet as “second rate”
(Gordon, 2003, pp. 38-40). Basically, by doing this, he is saying that this is an innovation
not as important as electricity, and it will primarily provide improved solutions to
problems instead of solving previously unsolved issues. In the current investigation,
though, several of Gordon’s statements are considered highly questionable, and they will
be challenged throughout the entire work.
This may seem like hairsplitting and a tedious semantic discussion. The main thing,
however, is that one point of departure in this thesis is the assumption that IT can be
seen as a GPT, and that affects the research approach. Here, it is believed that IT and the
Internet provides ways of storing and sharing information that have never been seen
before, and this shapes organizations and their workflows immensely. One main
hypothesis is that this new technology makes numerous new combinations of products
and services possible. To put it differently, the results of this enhanced “connectivity” is
rather a matter of scope than scale, as argued in Carlsson (2004), while Gordon (2003)
proclaims that the use of IT merely is a new way of communicating the same information,
and that the economic impact therefore is insignificant.
In direct opposition to the skepticism as regards IT’s impact on productivity growth is the
discussion presented by Litan & Rivlin (2001). They are saying that IT in general, and the
Internet in particular, is very plausible to increase productivity growth over the next few
years. An interesting argument, though, is that these improvements will not necessarily
appear in more obvious markets, like e-commerce, but rather in traditional fields such as
health care and other public sector activities. And this is so mainly because of changes in
information flows, leading to new opportunities concerning productivity in the form of
e.g. product or service quality improvements, customer satisfaction, consumer
convenience, expanded choices and information security. These are all benefits that have
been more or less left out of traditional aggregated productivity measures, and that fact
might provide some explanations to the perceived lack of productivity gains due to IT
investments. Furthermore, this notion strengthens the current ambitions to include
similar effects.
So, when conducting this research, IT is seen as having the main features of a GPT.
However, this does not necessarily mean that investments in IT guarantee productivity
growth. Instead, as argued by Carlsson (2004) and David (2000), IT is seen as a facilitator
of innovation and connectivity (where connectivity means opportunities for
communication, cooperation and new combinations of products and services).
Additionally, the concepts of innovation and connectivity are dependent on the novel
ability to handle (store, gather, send and retrieve) digitized information at low costs. Thus,
when discussing productivity growth in this context, and regarding health care, it is
believed that several areas of possible benefits can be detected: Improved treatments, due
to advanced medical apparatus and accessories with embedded digital technology.
Increased efficiency and health care quality, owing to automation of work processes and
enhanced communication and collaboration possibilities. Improved patient logistics and
quickened treatment processes, because of sophisticated digital administrative systems
and other interlinked digital IS.
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These are all speculative hypothesizes and the empirical investigation will hopefully show
whether they are true or not, and if they are indeed accurate, to what extent. However, the
important thing in this section is not to present rough presumptions, but to add similar
notions to the concepts of productivity and IT as they are understood in this thesis. It is
thought that productivity must be conceived as a wide concept including both monetarily
measurable and, not less important, tacit or (monetarily) intangible aspects. The main idea
is to detect and explain effects of digitized information flows on productivity and, if
possible, try to estimate their impact. That is why this broadening of the traditional
definition of productivity is necessary. Moreover, by acknowledging the characteristics of
GPT as being applicable when discussing IT like computers, digitized information flows
and the Internet, their contributions to productivity growth are believed to be more
rewardingly revealed.
THE DIFFUSION AND ADOPTION OF IT AND THE INTERNET

In order to understand the success or failure of IT implementations like the ones
discussed here, some words about diffusion and usage of IT are called for. It is a fact that
although investments in IT, and the commercialization of the Internet, have now spread
almost all over the world, the development has been faster and more thriving in some
countries and industries. And there has to be explanations to this in the form of various
prerequisites. Kogut (2003) compares different countries – as regards the
commercialization of the Internet and IT usage – and comes up with several plausible
clarifications. Firstly, he argues that the relatively fast diffusion in the U.S. is a result of
the so called Silicon Valley Model, which is said to be a good breeding ground for
innovation and change. The model is characterized by, amongst other things, lots of
venture capital in motion, regulated markets for Initial Public Offerings (IPOs), many
recently started companies, generally favorable economic conditions for starting and
running businesses, strong ties between universities and the industry, and mobile labor
markets. Secondly, to explain these things further, Kogut (2003) argues that these
conditions occur to various extents, depending on many factors such as technological
heritage and development, culture, politics, laws and regulations, economic structures and
education, etc. For instance, he exemplifies this by concluding that the initial diffusion in
Sweden was strongly facilitated by the existing expertise regarding wireless technology,
and the early adoption in Germany was dependent on cutting edge knowledge of software
development. In a health care environment, this discussion is important, since the same
mechanisms probably have affected how well organizations have implemented IT, and
been able to harvest their possible benefits. Therefore, it is assumed that when examining
changes in productivity within health care, these different conditions must be considered
in order not to present a distorted picture.
These issues have also been addressed by Kenney (2003). He emphasizes the importance
of unified educational systems, common laws and regulations, and a common language.
But, perhaps, the most essential element, at least in the beginning, was a well functioning
and diffused infrastructure including widespread telephone systems with accompanying
equipments. Concerning Swedish health care, these basic infrastructural preconditions can
be considered existing. So, when the diffusion and usage of IT, and the productivity
benefits thereof, vary between medical institutions, there have to be other explanations.
Then the notion of cultural, political and social aspects – as underlined by Kogut (2003) –
must be acknowledged. Consequently, in this thesis, the conviction is that researchers in
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this area have to go beyond traditional, strictly economic (or technological), explanations
of digitization of information flows and their effects on productivity. Thus, the concept
of “institutional factors” (Kogut, 2003) is added to previous explanations, and it includes
the above-mentioned aspects. In other words, possible benefits such as increased health
care quality and perceived patient satisfaction will be regarded as contributions to
productivity. On a similar note, occurrences like fear of new technology or cultural
barriers will be handled as possible impeding elements regarding productivity growth.
Finally, there are a few more important aspects of diffusion and adoption of IT and the
Internet that have to be discussed here. Leamer & Storper (2001) recognize that certain
features of innovation and adoption of new technologies keep shaping modern
organizations. They focus on network structures, geographical boundaries,
communication flows, workflows and logistics. While they believe that digitization of
information and the Internet allow for huge amounts of information to travel between
countries and continents, there will still be fundamental forces working for geographically
limited clusters of innovation. This is thought to be so because intellectual work tends to
stay within small geographical areas, depending on benefits such as close personal
relations, smooth communication, and proximity to decision makers. That is to say,
Leamer & Storper argues that complex innovative milieus require tight cooperation, and
also actual physical closeness. The authors point out that previous grand innovations such
as the printing press, television, and the telephone – which facilitated communication –
did not eliminate geographical economic agglomeration. They think that even though the
Internet offers cheap real-time interaction, which in turn provides highly sophisticated
imitations of closeness, there is still a need for emotional closeness. And that type of
contact, which can only be reached face to face, will be utterly important also in the
future. Thus, although people can interact in real-time and see each other simultaneously
on screens, they will not feel close enough to develop real trust. And, according to the
authors, the concept of trust will always be central as regards economic, and therefore
also human, relations. These notions of closeness and trust are believed to play important
parts also in health care. It seems fairly obvious that health care is built on trust between
physicians and patients, and between health care institutions. And, indeed, the handling of
digitized information in this context is an intricate matter. Consequently, when
conducting this investigation, efforts will be made in order to study how these issues are
handled by professionals, and what the effects on productivity growth might be.
HEALTH CARE AS COMPLEX IT INFRASTRUCTURES

Without a doubt, health care is a very information heavy activity. Professionals and
patients depend on that the correct information is stored and processed in a secure
manner. Physicians constantly have to retrieve large amounts of information regarding
patients in order to treat them properly. In addition, the benefits from being able to send
information between health care institutions, and between physicians and patients, are
obvious and many. Imagine if a person could break an arm anywhere in the world, and
the physician at hand could retrieve the relevant medical history and interact with the
family doctor without significant delays. And envision the national productivity gains if
information could be sent between health care organizations freely without administrative
and security issues. Moreover, a similar progress would facilitate medical knowledge
growth – e.g. development, analysis, and diffusion of medical information. This is not
really the case yet, and hopefully the empirical investigation will help explain why.
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Furthermore, in addition to health care being extremely information heavy per se, the
current topic of study is digitization of information flows, mainly in the form of
investments in IT. This is once again stressed, because many researchers allege that IT can
be understood as information infrastructures, or information technology infrastructures,
as such (e.g. Kumar, 2004; Kallinikos, 2005, 2006; Mowshowitz, 1997). This idea is
derived from the fact that IT is seen almost everywhere today, at least with the broader
definition of IT presented above, and implies some important considerations regarding
how to comprehend this technology and its effects. For instance, Kumar defines an
information technology infrastructure as:
“[…] a collection of technologies, people, and processes that facilitates large-scale
connectivity and effective interoperation of an organization’s IT applications. The technology
component of an effective IT infrastructure includes technologies for effective data storage and
retrieval (e.g., storage area networks), system integration (e.g., middleware), connectivity (e.g.,
networking components), and security technologies (e.g., firewalls). The people component
includes infrastructure architects and other employees charged with infrastructure design and
support. The process component includes processes for architecture standardization and
infrastructure change reviews.” (Kumar, 2004, pp. 11–12)

This quotation is presented because it illustrates how intricate and intertwined IT systems,
and their many components, are. Also, this is how the setting when discussing digitization
of information flows is perceived in this thesis. Thus, the results regarding productivity
growth are most likely affected by all components: the technology component, the people
component and the process component. And probably even more components. Because, here,
IT is not perceived as a static and isolated concept, but rather as an occurrence dependent
on a dynamic and complex organizational and societal context.
What is more, when investing in IT and IT infrastructures, the key issue is information
and how it is handled. Thus, the major element (at least in the present context) in today’s
creation of products and services – no matter if it is called “the information economy”,
“the digital economy” or “the new economy” – is the creation, processing, storing and
distribution of information. Castells (2000) too claims that the main economic force today
is information, not the production of material goods per se, and this information exists in
networks or infrastructures. Also, the nature of information is complex, contextually
dependent and many times difficult to interpret. For one thing, an endless amount of
information is not always preferable. Additionally, the common understandings of
information regularly require nomenclatures and standards. Moreover, the handling of
information calls for rules and regulations to guarantee the proper security. These are
some examples of why the seemingly endless technological possibilities regarding
information handling might not be utilized. By thinking in terms of the above-mentioned
information technology infrastructures, though, the present belief is that the
understanding of IT implementations might be facilitated.
Kallinikos (2005, 2006) reflects upon these matters and suggests that the development of
IS should not be seen as an isolated activity. Likewise, it is not an issue of merely fulfilling
the stipulated systems requirements. Instead he shows that when IS are implemented and
understood, they often acquire new meaning, and therefore have to be modified. Also,
new meanings may well question the basic conditions of an organization and imply the
need for comprehensive reorganization. This becomes even more complex when
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implementing information infrastructures across clusters of organizations with different
needs and interpretation prerequisites. So, the creation of information can generate a need
for more information, and also place higher demands on the existing information’s
quality. Furthermore, Mowshowitz (1997) highlights the importance of interdependencies,
and their effects, between organizations when studying information distribution within
virtual organizations. Although health care institutions usually do not represent typical
virtual organizations, he presents some interesting thoughts: he emphasizes the need for
common systems languages and shared cooperation goals. And the fact that reorganizing
one organization in the collaboration agglomeration will probably affect the other
organizations, is given significant attention. Basically, this is brought up here because
complex collaborations, as often seen in health care, involves interdependencies which are
likely to influence the effects of IT implementations. All these aspects will be considered
when investigating digitization of information flows within health care. And it will
possibly shape the way effects on productivity are analyzed in the end. One important
assumption made is that the understanding (and handling) of information, by itself,
affects productivity developments.

PRODUCTIVITY MEASURES

Traditionally, productivity is seen as the relation between input and output, i.e. the
amount of resources put in and how much is produced as a result of that input. Often,
the concept of productivity has entailed mostly monetary and hard variables, which have
been shown to be insufficient in productivity discussions including complex courses of
events. Although there are many different productivity measures, according to OECD
(2001) they can be divided into two major groups: Single Factor Productivity (SFP)
measures and Multi Factor Productivity (MFP) measures. As the terms suggest, the
former group associates output to a single measure of input and the latter associates
output to a collection of input measures.
One commonly used single factor productivity measure is Labor Productivity, which is an
assessment of the efficiency of the labor force. Normally it is measured through analysis
of the output per hour of the entire work force. Labor productivity is regularly perceived
as a measurement method which is fairly easy to apply – e.g. due to high calculability and
focus on the most vital aspect of production – but it most often omits outputs such as
enhanced product or service quality, shortened waiting queues, perceived patient
satisfaction, etc. In other words, important aspects of health care accomplishments are
not included. Other possible single factor productivity measures are, for instance, task
productivity, capital productivity, revenue productivity or profitability. However, all these
estimates fail to spot some aspect of productivity – at least when studying health care –
while, probably, the most favorable feature of them all is the relatively high degree of
possible application (OECD, 2001).
In contrast, MFP measures allow for including additional inputs, such as technological
changes and capital. One mentioned benefit when using this measure is that its
fluctuations can be aggregated comparatively easy. Also, the data needed is often stored at
a national level. However, because of MFP’s aggregated nature, it is hard to say anything
at an industry or firm level. Moreover, it is difficult to estimate several different inputs,
and it is also hard to predict future productivity variations (OECD, 2001).
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An interpretation of MFP is Total Factor Productivity (TFP). The aim of TFP is to allow
softer and more ad-hoc fashioned variables (such as new technology), which are not
necessarily strictly economically measurable. One utilization of this measurement is the so
called Solow residual. Romer (2000) explains the residual as a model of annual aggregate
output or empirical productivity growth from year to year. According to him, Solow
means that the decisive output quantity is a function of the input as regards the amount
of labor, the productivity of that labor, and the amount of capital. It is called a residual
because it is defined as the part of productivity growth that can not be explained by
accumulated capital alone. Furthermore, Solow is said to emphasize that the productivity
of labor is the dominating driver for continuous increases in GDP. Also, in Solow’s own
words, the discussions regarding the residual primarily suggests that the constellation of
different inputs is very important for the output and, consequently, the productivity
(Solow 1956, 1957), and that is believed to be true in this thesis.
With the views on productivity presented above in mind, a compatible but slightly altered
approach is promoted in this investigation. The fact that productivity is affected by
numerous, more or less obvious, variables (such as IT) is highly stressed during the entire
study, and comprehensive efforts are continuously made to recognize them.
Additionally, one has to bear in mind that this thesis deals with health care, which
involves some complications regarding the notion of productivity, and – perhaps even
more importantly – the output. There are few definite and clear measures of output, e.g.
because the main goal is as many recovered patients as possible, and it is extremely
intricate to measure different levels of healthiness and translate it into productivity terms.
Moreover, these organizations often differ from revenue driven companies, and the
productivity will entail factors like patient recovery, shortening of waiting queues and
improved cooperation between hospitals rather than monetary based Return on
Investment (ROI). This may also require some thoughts on the value of human lives and
other ethically sensitive questions.
Other terms related to the productivity concept occurring in this thesis are Profitability
and Competitive Advantage. In the health care context, though, lowered costs are
generally considered more important than increased profitability, and productivity growth
is usually regarded as much more significant than competitive advantages. This, of course,
is so because the investigated health care is not primarily profit driven, but chiefly focused
on quality and capacity.
Finally, one more thing has to be said: practitioners and researchers often distinguish
between productivity, efficiency and/or effectiveness, and give the terms several different
connotations. Usually efficiency is associated with monetarily based measures and the
ability to transform various resources into products and/or services at the lowest costs,
while effectiveness represents the capability of meeting the contextual (internal and/or
external) demands on the products and/or services by doing the “right” things.
Productivity often includes more parameters in the process of turning input into output
(e.g. Aniander et al., 1998). In the current investigation, however, the concepts of
efficiency and effectiveness are included in productivity, and therefore the latter term is
used if the former ones are not specifically required.
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ALTERNATIVE PRODUCTIVITY MEASURES IN HEALTH CARE

In health care the involved parties strive toward gains that are not always monetarily
quantifiable. It is obvious that benefits such as enhanced quality of life, faster service,
shorter waiting queues, reduced convalescence time, etc., are hard to measure using, for
instance, labor or revenue productivity. Instead, institutions within health care often use
individual and separate Key Performance Indicators (KPIs). Some of the common
measures are: total cost/number of examinations, total staff cost/number of
examinations, number of examinations/number of yearly employees, external
revenues/total revenues.
Of course, most of these measures can be estimated using numerical calculations, and
some of them can even be expressed monetarily. But since health care (at least in the
Swedish public sector) is not profit driven and the official productivity growth is basically
set as a constant – which equals zero – in national GDP statistics, these estimates are
primarily used as internal approximations of institutions’ own progress. Moreover, these
examples – which predominantly are presented in annual reports and articles – are just a
small fraction of the productivity measures actually used in health care. Health care
institutions also continuously try to investigate other important measures – e.g.
professionals’ and patients’ satisfaction, treatment process time and health care quality.
They usually do so using methods like questionnaires, interviews or different kinds of
evaluations. The questions, scales and methods for analysis, though, are regularly not
unified enough between institutions to contribute as valid aggregate statements. These
circumstances were revealed during the present investigation’s preparation stage described
below, and, in the current thesis, further accentuate the need for alternative methods
when studying productivity within health care. The steps taken to include different
aspects of productivity are illustrated in the forthcoming methodology chapter.

MEDICAL INFORMATICS AND IT EVALUATION IN HEALTH CARE

There are some health care specific issues regarding implementations of IS, both
concerning embedded and administrative IT, that have to be addressed before moving on
to the methodology aspects. The aim here is to present the most important theories in
research dealing with IS, medical informatics and evaluation of health care IS.
When reading recent literature on the subjects of IS, medical informatics and IS
evaluation in health care, quite a few similar notions are presented. Two of them are given
more attention than others: firstly, there seems to be a common wish for the
acknowledgement of the human side of IS – i.e. that the key element for success or failure
when implementing IT is the involved people. Secondly, these humans operate in a
complex context consisting of many levels – e.g. cultural, political, economic, internal,
external, etc. Thus, both the contexts and the individuals are significant factors that will
influence, and be influenced by, IT implementations. And since these beliefs are shared in
the present work, some of the presumed main implications are put forth below.
THEORETICAL APPROACHES IN IS RESEARCH

Leidner & Kayworth (2006) have done a comprehensive review of IS research and found
that there is a scant representation of the culture concept. They underline the importance
of understanding that culture is a vital component, which can influence the
implementation, adoption, use, and outcomes of IT in both positive and negative
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directions. The authors discuss culture on national, organizational and group levels, and
conclude that all levels are likely to influence the success or failure of IS. Additionally,
they underline that culture often plays a significant role when it comes to managerial
issues – i.e. the use of IT in managerial processes is also often influenced by the present
culture. Furthermore, which perhaps is one of the most important statements in the
article, they claim that it works both ways – IT may affect culture the same way as culture
may affect implementation and use of IT. In the present thesis, these notions are
recognized as further calls for a broader view on IT and productivity. The current belief is
that these occurrences have to be considered in relation to the people dealing with them
and their wider context. Moreover, it is assumed that the practical implications of these
suggestions are that the culture, and its inhabitants, should be properly prepared for IT
implementations. In addition, decisions regarding IT should include the main standpoints
concerning which cultural changes are acceptable and desirable. Otherwise the
investments might generate less value than possible. Also, when developing and
evaluating existing IT systems, the culture should be taken seriously and its inhabitants be
heard.
Another spokesperson for a more multifaceted view on IS is Gregor (2006). She has done
an inclusive literature review as well, and finds that – contrary to what is often claimed –
there are in fact many different and valuable theoretical directions within IS research.
Instead of a technologically deterministic course of action, she also prefers a more
sociotechnical and human-centered approach. However, simultaneously, she advocates
interdisciplinary research, including the use of mixed theoretical perspectives, which she
believes can result in new insights regarding successful IT implementations. This view is
shared in the current investigation and, as will be seen below, several aspects – e.g.
economic, technological, cultural and contextual – of IT implementations will be
examined in the search for innovative and relevant results.
IT EVALUATION AND THEORETICAL APPROACHES IN MEDICAL INFORMATICS

During the last decade, due to the development of digitized patient care IS and
improvements in digitized medical equipment, there has been an escalating focus on
understanding the interactions between IT and people within medical informatics.
Perhaps the main observation is that technology is becoming an increasingly important
component in the production of health care. Furthermore, the technology is getting more
advanced every day. These facts influence the way IT is perceived and utilized by health
care personnel and patients. Thus, and in line with previous discussions, the human side
of IT is gaining more attention when discussing IT implementations. Berg illustrates these
issues in an elucidating manner and puts the end user at the center:
“First, getting such technologies [patient care information systems] to work in established
practices appears to be a politically textured process of organizational change, in which users
have to be put center stage. This requires an iterative approach, in which the distinctions
between ‘analysis’, ‘design’, ‘implementation’ and ‘evaluation’ blur. Second, a sociotechnical
approach sheds new light on the potential roles of IT applications in health care practices. It
is critical of approaches that denounce the ‘messy’ and ‘ad hoc’ nature of health care work,
and that attempt to structure this work through the formal, standardized and ‘rational’ nature
of IT systems. Optimal utilization of IT applications, it is argued, is dependent on the
meticulous interrelation of the system’s functioning with the skilled and pragmatically
oriented work of health care professionals. These implications will and cannot take the form
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of ‘formulas’ for successful system development. Rather, the sociotechnical approach is
inherently critical of overly methodical ‘guidelines’ promising success.” (Berg, 1999, p. 88)

So, the author emphasizes the complex environment that is health care, and therefore
disregards traditional, often one-track minded, technological approaches. Instead he
advocates a sociotechnical view that focuses on the user and recognizes that no matter the
inherent possibilities, IT implementations depend on the organizational context. Dixon
(1999, p. 117) also realizes this, but argues that “exposure to technologies is becoming
more prevalent in health care technologies. Few strategies have been developed that work
reliably to successfully implement information technologies. Information technology
enables, but does not guarantee organizational change.” Here the enabling character of
IT, also mentioned above, is stressed and the author implies that organizations have to be
prepared and motivated in order to beneficially utilize implemented IT.
As mentioned in the research design section in this thesis, some effects of digitization of
information flows on productivity can be characterized as “automational”. Here, this
basically means that components in the health care production chain are automated, using
digitized tools or machinery. Consequently, this often leads to shorter process time
and/or enhanced outcome quality. Additionally, these automations also result in that less
human labor input is needed in these process steps. This, in the best case scenario, means
that the involved professionals can devote their time to more value adding, patientcentered treatment issues. Moreover, these automations can range from minor changes in
routine operations to entire business scope redefinitions, using the terminology of
Venkatraman (1994). However, automation of processes, or parts of processes, does not
necessarily lead to increased productivity, at least not in the long run. And focusing
blindly on shortsighted efficiency can reduce possibilities for forthcoming productivity
gains. This has been recognized during research on the development of digital patient
records (also referred to as electronic patient records):
“A shift of focus from technological innovation to innovation in products and services
including interaction between technology, people, structure, and information management is
necessary in order to obtain maximum benefit from IT, i.e. to use the informate as well as
the automate capacity of IT […] We must discuss how to add value to the core business by
means of clinical information and support these values by setting objectives for information
systems in health care.” (Elberg, 2001, p. 205)

The context of this quotation is a discussion about the narrowness often represented
when dealing with automation of health care by means of Electronic Patient Records
(EPRs). She advocates a focus on innovation in products and services within health care,
and how IT can act as a catalyst for new ideas and methods rather than technological
innovation in the form of e.g. automation. Furthermore, she argues that the important
thing is to provide circumstances where competent clinicians are promoted to create new
knowledge from clinical information instead of managing the same. Probably, the most
interesting thing here is that Elberg, who deals with medical informatics, shares the
above-mentioned views, that IT implementations do not guarantee productivity growth
per se. In fact, IT functions in a complex environment, where phenomena such as people,
culture and organizational structures are crucial factors for success. And in order to
obtain IT generated benefits, in the form of productivity and innovation, the attitude
towards IT should be that the seemingly evident benefits from automation can be
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accompanied by decreasing possibilities for innovation. Here, this is believed to be of
great significance when trying to understand digitization effects on productivity. It also
underlines the importance of a prolonged time perspective.
Another vital issue when analyzing or evaluating medical systems, presented in medical
informatics, is the importance of interaction. The health care sector is unique and often
used to a hands-on way of working, close to patients and without intimate personal
relations to machinery and tools – i.e. medical equipments are means to ends rather than
ends as such. This, according to Kaplan (1997), underpins the necessity of an
“interactionist” perspective that considers all involved components – organizational
structures, users, patients and IS – and concentrates on the interaction between them. She
emphasizes that isolated, delimited and incompatible health care IS most often provide
few benefits. Instead, the challenges in health care IS development is to capture the
complexity of interactions, inter-effects and interrelationships, and this can only be done
by recognizing the above-mentioned notions. Thus, productivity gains derived from IT
implementations presumably also depend highly on the degree of appropriate interactivity
– both between users and systems and between systems – of the incorporated IS.
Therefore, this will require attention when analyzing the effects on productivity.
Indeed, the current work is an empirical investigation of digitization effects on
productivity within health care, so practical advice on how to evaluate medical IS is not
the actual goal. However, some insights in medical informatics concerning this area are
thought to be valuable for a deepened understanding of what affects health care
productivity. Thus, a few examples from the evaluation theory literature in medical
informatics are presented here, in order to paint a picture as complete as possible. A few
additional important aspects that have been detected are the following: First, when
developing and implementing IS within health care, it is imperative to adjust them to
health care regarding symbols, language and functions. Especially since medical
professionals tend to be a tough crowd in these respects. In other words, the IS should
resemble the health care context using e.g. a non-technical language and flexible input
variables (Ammenwerth et al. 2003). Second, clinical IS have great potential to improve
health, but also to disrupt it. Because if they are not flexible and compatible enough, they
might result in technological lock-ins. The reason for this is that IS operate in a context
where the surrounding systems, and practical medical procedures, may change rapidly
(Wyatt & Wyatt, 2003). Third, and taking the above stated into account, it is assumed that
it is also important to ask the right questions before implementing IT in health care – e.g.
which problems should be solved, who are the actual users, and which demands on
interaction are put forward by the related systems? Hence, when determining productivity
effects – positive or negative, measurable or intangible, monetarily calculable or not – due
to IT implementations, the nature of the IT used is a major issue. Also worth mentioning
is that these ideas are assumed to pertain to embedded IT as well.

PROCESS PERSPECTIVES

In addition to the explanations of the current process focus presented in the Research
Design chapter, some further theoretical preconditions require clarification here. When
investigating gradual digitization of information flows – or implementations of IT in
existing processes – from a process perspective, there are a number of fundamental
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assumptions and definitions that definitely will affect the results. First of all, this thesis
deals with carefully and rigorously delimited processes, starting with a patient (or
physician) perceiving a medical problem, and ending when the patient is treated or
receives his/her medicine. Secondly, the processes are initially examined in isolation,
detached from other processes and the surrounding organization. However, they are
studied in relation to their contexts in the subsequent Analysis chapter. These
delimitations are made in order to grasp as many effects of digitization as possible
regarding the partial samples, instead of maybe only detecting a few effects concerning
the entire organizations. Nonetheless, because several processes are included and
investigated at a wide-ranging selection of medical institutions, the final aim is to say
something about health care in general.
The main objective is digitization of information flows, and the word “flow” itself
suggests a process-like behavior, where information runs from point A to point B
through various activities. It should be mentioned, though, that the present process
concept is twofold: patient logistics and information flows. These streams are often
parallel but deviations are common as well. Also, it is important to recognize the abovementioned activities. Here, these notions mean that patients and information flows are
handled (e.g. patients are treated or examined and information is processed or
communicated) by means of certain activities. They can be digitized per se or digitally
facilitated so as to improve health care. The common denominator, and key definition, of
the analyzed processes is that they have unambiguous starting and ending points. These
stages correspond to input and output, between which the transformations (in this case
mostly made possible by IT), from knowledge and treatment to improved or sustained
health, take place. This way of thinking is developed by e.g. Bergman & Klefsjö (1995),
who conclude that these are the typical features of a process whose sole purpose is to
generate value for customers (here, primarily in the form of patients). Additionally, these
processes are usually generic and repeated over and over again, in order to continue
producing value. However, the practical implications of these theoretical ideas are more
thoroughly described in the Research Design chapter.
Another common foundation for process thinking, as regards traditional economics, is
the concept of the value chain. As popularized by Porter (1985), the value chain
constitutes the activities performed by a company to add value to its products and/or
services. In other words, the activities carried out during the transition from raw materials
or ideas to finished or refined products and/or services. These activities can include
almost anything as long as it can be considered value adding, for instance: internal and
external logistics, production, administration, marketing, design, human resources,
support and delivery, etc. The value chain’s most important goal is to create as much
value as possible while minimizing costs. Additional typical approaches when discussing
processes in similar contexts are Total Quality Management (TQM) and Business Process
Reengineering. The former is an ambition to establish quality awareness throughout the
entire organization along with its affiliated processes. Through various methods such as
statistical evaluations of products and customer satisfaction, TQM strives towards
achieving total quality in every part of a company’s processes.
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The notions of TQM are also recognized by Bergman & Klefsjö (1995), who emphasize
that a process is a series of activities which together produce the end result. Therefore,
each step is important, and by altering or removing one activity (with the intention of
enhancing quality) the others will almost certainly be significantly influenced. This is
believed to be of great importance when understanding why the current processes have
developed in certain directions. The latter is a strategy (often put into practice as a stepby-step method) that adopts a value chain perspective and tries to eliminate or modify all
non-value adding activities.
Hammer & Champy (1993) and Davenport (1993) have considered innovation and
Business Process Reengineering, and accentuate that the major purpose of the approach is
to improve the efficiency of processes and their underlying mechanisms (and
subsequently, productivity growth). This should, however, not be done only because
management is dissatisfied with the current state of affairs, and it requires comprehensive
planning and careful execution. Similarly to TQM, the realization of Business Process
Reengineering necessitates insights about how changes (reengineering of) in one part of
the process affect other areas. When studying processes within health care, these
perceptions will be carefully considered and efforts will be made in order to understand
how the present processes have developed.
Moreover, Porter & Millar (1985) also put these arguments forward, but add that they are
interesting and relevant also in an information context. The authors emphasize that the
“information revolution” is affecting organizations, and the competition between them, in
vital ways: for instance, it changes industry structures and gives rise to innovative
possibilities as regards new products and services, and even spawns entirely new business
opportunities. This is so because IT often affects how processes are constituted so as to
maximize productivity and competitive advantage. IT and the Internet allow for complete
restructuring of value chains and cooperation networks, and thereby the business
preconditions are totally changed. These mechanisms are probably also valid when it
comes to health care. At any rate, indications that a process view might be fruitful when
investigating information flows, and the transformation of them, are obvious.
The above-mentioned views on processes can be labeled as transformation-oriented, since
they focus on the transformation from input to output through value adding activities.
Traditionally, performing these activities includes consuming resources. When the main
activity is based on information flows or knowledge, though, the same mechanisms are
not always applicable. In the current thesis, and in a health care context, it is believed that
the management and processing of information, rather than the consuming of raw
materials, is the most important aspect. But this does not mean that the transformationoriented views on processes are disregarded. Health care in general, and the investigated
processes in particular, are thought to function similarly to the value chain concept, but in
this case the transforming activities are constituted by information flows and knowledge.
Furthermore, the notion of a straightforward and independent linear process going from
A to B is deemed unsuitable when conducting this research. Instead, as mentioned in
previous sections, it is presumably a matter of intertwined processes where information
(both digital and analogue) flows within complex networks of human and virtual actors.
Consequently, efforts are also made to scrutinize which actors are involved in, and
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influence, these flows and networks. For instance, one key question is assumed to be:
Which actors are the initiators and drivers of IT-related change?
As a result of the above, a large part of the empirical work is assumed to consist of
sorting out and mapping the different processes, and their relations and actors. Thus, the
major objective is to examine how digitization has changed these information flows, and
subsequently the associated activities which are carried out within intricate networks.
Finally, the effects on productivity hopefully can be extracted.

CHAPTER SUMMARY

This chapter has put forth some critical concerns regarding how IT is perceived in this
thesis. This composite picture is derived from notions found in several fields of research,
but mainly economics, medical informatics and IS research. The aim is to illustrate how
digitization of information flows, primarily in the form of IT investments, might influence
productivity in different directions, and give the theoretical foundation before moving on
to methodological matters. The main findings can be summarized as follows: IT can be
understood as a general purpose technology, and this influences the way it affects
productivity. That is to say, IT effects occur over a varying time span and can not be
expected immediately. IT is an enabling technology, which means that investments in IT
usually require additional investments in e.g. education, tools and machinery,
reorganization and innovation. IT effects may not be measurable in traditional monetary
ways, and efforts to estimate other concrete or intangible effects are therefore often
necessary. Moreover, health care production is a unique and complex activity with a
constantly changing context, where occurrences such as politics, culture and social climate
will influence the possible success of IT implementations. Thus, the context is likely to
affect the diffusion, adoption and use of IT and should be considered when analyzing
effects on productivity. Also, when investigating processes, there are some critical
assumptions that will probably affect the results. In the present thesis, the main
hypotheses regarding processes in health care are that they consist of patient logistics and
information flows. Furthermore, they start with a perceived medical problem and ends
with the patient being fully treated or when he/she receives his/her medicine. Between
these starting and ending points, activities are carried out in order to benefit the health of
patients.

24

RESEARCH DESIGN

The purpose of this chapter is to present the thoughts on methodology when executing this study. Rather
than giving a complete account of the methodology literature on the subjects, the aim is to explain how the
actual work is carried out – how information is collected, structured and analyzed. Additionally, the
philosophical outlook regarding methodology is clarified. The chapter begins with a background depiction.
After some details about critical delimitations and methodological assumptions, the processes of handling
information assembled through the various choices of methods are described. Related previous research is
presented and commented concurrently. Lastly, there is a discussion regarding the validity and reliability of
the results.

RATIONALE

The vital part of this study consists of an empirical investigation – not very unlike those
of Zuboff (1988) and Ciborra (2000) – which on a general level seeks to detect effects of
the digitization of processes constituting the so called Digital Age. However, the effects
of this scientific revolution, as Kuhn (1996) might call it, are utterly numerous and the
scope of this thesis is therefore by necessity somewhat limited. As earlier mentioned, the
primary focus here is possible changes in productivity due to digitization of fundamental
information flows. It is believed that by looking at well defined critical processes,
conclusions about the greater whole can be drawn.
Furthermore, in order to answer the research question – how digitization of information
flows has affected productivity within health care – a few key assumptions have been
made. This digitization entails both IT implementations such as administrative tools and
embedded software in sophisticated apparatuses. It is also thought that investments in IT
generate numerous effects that occur over a varying time span, and in synergies with
other technologies and organizational structures. This makes on-the-spot accounts of
benefits and disadvantages if not insignificant, at least difficult to interpret in relation to
the overall development. Really understanding the effects of the digitization, though,
most likely requires an investigation starting with the first computer development, e.g. as
described by Pulitzer Prize winner Kidder (1981). Subsequently, leading up to today, the
illuminating and topical story about the flattening of the world told by Friedman (2005)
could complement the depiction, so as to provide an inclusive illustration of the courses
of events and some of their effects.4 Somewhat inspired by these authors, this thesis
adopts a longitudinal, or historical, angle of approach.
Another point of departure is the hypothesis that by looking at changes in limited generic
processes over time, important conclusions regarding the impact of IT can be drawn. At
any rate, by looking at these specific results, a number of generalizable statements
concerning changes in productivity are believed to be possible.
The notions presented in the theory section naturally also affect the research design. The
fact that the term IT is used as equal to ICT (Information and Communications
Technology) implies that the definition is extended to entail technology for “collecting,
storing, processing, recalling, and communicating data, text, images and speech” (SIKA
These narratives are works with a popular science character, but they are still brilliant descriptions of
some aspects dealt with in the present thesis.
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2004). In other words, the perception of IT is broadened to involve everything from
technology embedded in increasingly sophisticated machines and equipment, to assorted
digitized information systems (including the Internet). In addition, as above-mentioned,
IT is often viewed as a GPT (General Purpose Technology), which means that it is an
enabling technology that, not unlike electricity or the steam engine, has applications in all
of society (e.g. Rosenberg & Trajtenberg, 2001; Nahuis, 1998; David & Wright, 1999).
What is more, today, IT can be seen everywhere – e.g. in machines, tools, software and
communication systems. Therefore, many researchers assert that it has earned the status
of an (information) infrastructure (Kumar, 2004; Kallinikos, 2005, 2006; Mowshowitz,
1997). All this leads to implications regarding the design of this research.
Moreover, many researchers (e.g. Brynjolfsson & Yang, 1996; Eriksson & Ådahl, 2000;
Falk, 2006) have expressed a need for a different approach, as regards methodological
strivings, to IT and productivity. One explanation to the Productivity Paradox discussion
is a previous focus on aggregated statistical data on a national level, which, in large parts,
has resulted in an inability to detect and explicate changes in productivity due to IT
implementations. That is why an alternative course of action for methods and analysis will
be put forth below.

BACKGROUND

For a long time now, there has been a large amount of health care research with an IT
perspective, both inside and outside of Sweden. However, most studies have been limited
to certain problems – for example “how IT can support decision makers distributing the
information throughout health care organizations” (Vimarlund et al., 2003, p. 467).
Furthermore, it is important to understand that IT is an enabler and not a guarantee for
improved information flows or increased productivity (e.g. Olve et al., 2005; Vimarlund et
al., 1999; Vimarlund et al., 2006). Obviously this influences how the research should be
designed. In this thesis the approach to IT and productivity is humble, and the goal is to
investigate the effects of IT without prejudices. Instead of searching for predetermined
effects, the objective is to identify actual ones, and examine their implications.
When looking at productivity within health care, at least two major problems arise. Firstly,
there is no clear and universal definition of productivity. Some institutions use arbitrary
estimates such as health care quality, goal achievements or perceived patient satisfaction.
Others use individual quantitative measurements like number of specific examinations per
employee, number of filled beds or total staff cost per examination. Secondly, as
previously mentioned, the impact of IT implementations on productivity is difficult to
determine per se. This is so because of many factors – e.g. a prior focus on aggregate
statistics that often leave out benefits such as increased product quality (e.g. Brynjolfsson
& Hitt, 1996a, 1996b, 2000) and the fact that many returns materialize over time (e.g.
Devaraj & Kohli, 2003a, 2003b). In this thesis it is also assumed that IT-related
productivity benefits arise from synergies with other technologies, and all benefits can not
be purposefully described in monetary terms.
At least four major literature reviews touch upon the need for new thinking regarding
information systems research and IT’s impact on productivity. Leidner & Kayworth
(2006) advocate a context perspective in IS research. Contextual factors such as culture,
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politics and organizational structures are assumed to be more important than strictly
technological aspects. Gregor (2006) emphasizes the human side of IT implementations
and asserts that adoption and usage are essential issues, irrespective of the presumed
brilliance of the IT at hand. Furthermore, Dedrick et al. (2003) and Brynjolfsson & Yang
(1996) claim that traditional, rigidly separated, methodological procedures are not always
sufficient in order to explain occurrences like digitization effects on productivity. Instead
they recommend researchers to strive for innovative thinking regarding alternative ways
of measuring IT’s impact. In addition, the practical implications of these propositions
have been discussed from a strictly methodological perspective: one often mentioned
suggestion for how to obtain these objectives is to complement the former emphasis on
quantitative research by qualitative empirical work (e.g. Kaplan & Duchon, 1988). This is
thought to be extremely relevant in the current investigation, and efforts are made to
allow for alternative methodological combinations, in order to include as many effects on
productivity as possible.
Oz (2005, p. 797) has another way of expressing these difficulties: “Corporate boards of
directors have long given up expecting a detailed return on investment calculation for
investment in IT. They understand that it is unfeasible. They approve investments
because they believe in the intangible benefits (such as better decision-making and
employee satisfaction).” In this thesis, though, it is believed that many of these intangible
effects can be detected and described in a fruitful manner. In fact, efforts to include both
measurable and intangible effects will be made, and hopefully, together they can serve as a
base for understanding the consequences of digitization.

CRITICAL DELIMITATIONS AND METHODOLOGICAL ASSUMPTIONS

The present research was started as one of several projects within the ITOP program.5
There are some assumptions within the program so as to maximize the possibilities to test
the stated hypotheses. Because of this, and the fact that the work made by Horzella
(2005), Cöster (2005) and Kollberg (2005) proved these assumptions fruitful, the main
methodological framework in this thesis is steered in the same direction. Also, ITOP’s
main objective is to do “a study of the contribution of Information and Communications
Technology to industry and company productivity growth, by comparative analysis of
industrial systems and subsystems (processes) performance between the 1960s and today”
(Falk, 2004). This is rendered feasible by a similar research design. However, due to the
fact that previous ITOP studies have examined other industries, some exceptions are
necessary. These conditions and limitations are highlighted in the following paragraphs.
HEALTH CARE AS GENERIC PROCESSES

There are many recommendations for process orientation within research concerning
information systems (e.g. Bannister, 2002; Edmondson et al., 2001) and organizational
change (e.g. Pettigrew, 1997, 1990; Pettigrew et al., 2001). The main arguments are that in
order to investigate effects of innovations, IT implementations or organizational change,
it is critical to look at defined processes that change over time due to these occurrences.
As will be shown in the investigation at hand, the digitization of information flows in
health care has not happened overnight or at definite and generally applicable points in
ITOP is an abbreviation of Impact of IT On Productivity. For more information about the program, its
main research hypotheses, and its members, see appendix 4 and pp. 31–32.
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time. It has been a fluctuating development. This is the main reason why a historical
perspective is pursued.
Moreover, the digitization has affected the entire health care in various ways. Equipment,
administrative systems and medical procedures have been transformed, improved or
disappeared. And, of course, new tools have surfaced. To make things even more
complicated, these different changes are delicately intertwined, with resulting difficulties
in detecting and deriving specific cause-and-effect dependencies. Therefore it is believed
that studying well-defined and strongly delimited processes is necessary so as to
distinguish probable effects and their explanations. And by selecting several relevant
processes, the results can complement each other and reveal something on a holistic level.
Additionally, in order to be able to say anything about reality and triangulate the results,
the processes examined are generic – they predominantly look the same at your average
hospital or clinic. Therefore no extremely high-tech, exclusive or geographically specific
processes are of interest.
MICRO LEVEL PERSPECTIVES

Because of many previous failures to determine digitization effects on productivity using
statistical macro data, the aim of this thesis is to investigate process change on a micro
level. Brynjolfsson & Hitt (1996a, 1996b, 2000) and Dahmén (1980, 1988) highlight the
importance of addressing these issues on the firm level, not the national level, which
corresponds well with investigating delimited processes on a hospital level instead of a
county council level or higher.
Barley (1986) recognized this fact early on, when investigating how innovative medical
devices are received by health care organization and how new technology affect
organizational structures. He emphasizes the importance of the micro perspective when
trying to determine consequences of innovation. Also, as he studied the introduction of
the pioneering CT Scanners, his research resembles the one at hand in many ways: Barley
also investigated the introduction of a novel and digitized technology in a health care
environment.
Several other studies suggest a bottom-up perspective when trying to capture the
multifaceted digitization effects within health care (e.g. Edmondson et al., 2001;
Vimarlund et al., 2003; Cardinal, 2001). Their common view is that, in most cases, the use
of aggregate and general data is futile if the aim is to map out changeable and novel
phenomena such as IT benefits (or disadvantages). This viewpoint is also fundamental in
the current work. Therefore on-site in-depth interviews, together with secondary sources
and observations, are the predominant methods used.
LONGITUDINAL RESEARCH

After long experience, Dahmén (1980, 1988) concludes that economic and industrial
development should be empirically studied from a micro perspective. Despite his roots in
political economics, he addresses the same issues as the ones discussed in this thesis: he
suggests that a historical outlook is much more important than the use of e.g. neoclassical
equilibrium theory, or other macro theoretical suppositions. He makes these remarks due
to many observed phenomena, but the main point is that disaggregated and longitudinal
studies are more fruitful when trying to explain industrial and economic development.
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While snapshot macro studies often fail to notice important occurrences, such as
fluctuating terms of trade or productivity prerequisites.
In addition, Devaraj and Kohli (2003a) have proposed that longitudinal research is
preferable when studying information technology payoffs. Furthermore, they have
conducted an empirical investigation of the effects of IT implementations in hospitals,
with the impact of individual technology usage on organizational performance being the
focal point of the research (Devaraj & Kohli, 2003b). They argue that previous research
has been divided and vague, and has overlooked time lags regarding investments and
returns. Also Kumar (2004) has recognized these facts, and claims that a way to get
around the problems is to do longitudinal research.
According to Bannister (2002), research assuming that implementations of information
systems can be fully described by effects detected in a particular temporal context is old
fashioned. Instead, information systems researchers should recognize the historical
development. He alleges that it is difficult to understand current states without
investigating the events leading up to them. Additionally – when studying organizational
adaptation, change and innovative advances – qualitative and longitudinal narratives about
process development have often proven to be most beneficial as a base for analysis (Van
de Ven & Huber, 1990; Pettigrew, 1990).
The empirical studies presented in this thesis are investigations of processes that have
been digitized to a significant extent. This digitization has taken place over time. In light
of the above, and in order to really understand the development and the effects thereof, a
longitudinal perspective is maintained. The time span ranges from before digitization until
today. However, the actual research is made during a limited period. Consequently, with
the intention of illustrating the historical digitization events leading up to the current
situation, respondents with extensive experience are chosen and their accounts
complemented with secondary sources such as written documentation.
What is more, many researchers argue that the main distinction between longitudinal and
historical research is that longitudinal investigations mean that the researcher carries out
the research over a prolonged period of time, while historical research only requires a
historical perspective. However, in this thesis, this distinction is considered less
interesting. As mentioned above, this investigation concerns a development that started
long ago. But the research is conducted today. Efforts, though, are made to capture this
development through the people that actually experienced it. Also, the major definition of
longitudinal research utilized here is that a longitudinal study should have at least two
temporal measuring points, and this investigation has several. Thus, the current research
is regarded as both longitudinal and historical.
Finally, the research model presented here is also influenced by Mason et al. (1997), where
the main features of longitudinal information systems research are proposed to include
the following: discussing focusing questions, specifying the domain, gathering evidence,
criticizing the evidence, determining patterns, telling the story and writing the transcript.
This methodological approach is believed to generate results including effects that might
lack mathematical tractability or monetary tangibility.
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QUALITATIVE RESEARCH USING CASE STUDY METHODS

Case studies are often considered to be especially appropriate when studying new topic
areas, and if they are carried out in a rigorous manner the results are empirically valid and
open for testing – e.g. by triangulation (Ammenwerth et al., 2003; Yin, 2003; Eisenhardt,
1989). While case studies are suitable for explorative research, they also have proven to be
valuable when executing interpretative and explanatory research and hypothesis testing
(Benbasat et al., 1987).
When describing IT implementations, case study methods such as qualitative interviews
with key personnel have been successfully used for generating rich depictions of
implementation efforts and their effects (Levine & Rossmoore, 1993). Also Vimarlund et
al. (2006) used interviews to collect data in a health care environment, and they claim that
the method is productive in similar contexts. Furthermore, the case study method can
provide descriptive details about technology-related communication processes within
organizations (MacNealy, 1997).
Moreover, Edmondson et al. (2001) and Barley (1986) have shown that using qualitative
field studies, including interviews and empirical observations, is rewarding when studying
implementations of new ITs in health care environments. Both studies are practical
examples of such methods. Orlikowski (1992) agrees with this notion and concludes that
in order to investigate the implementations of new technologies, researchers should be
open to both socio-historical contexts and innovation-related effects on organizations.
This is said to be impossible with only a technological, deterministic outlook and mere
reliance on statistical evidence.
As of this writing, and to the current knowledge, there are no known previous studies of
digitization of information flows – with the present process choices – within health care.
At least not on a micro level, with a focus on productivity change due to developments in
the delimited processes depicted below. Therefore, and by considering the above, the case
study design is here believed to be fitting.
POSITIVISTIC AND INTERPRETIVE RESEARCH WITH AN EXPLORATIVE CHARACTER

Through a comprehensive literature review, Orlikowski & Baroudi (1991) show that
research dealing with implementations of new information technologies in organizations
generally can be divided into three main assumptions regarding research philosophies:
positivistic, interpretive and critical research. Positivistic studies generally are concerned
with testing existing theories by investigating presupposed fixed relationships in a
meticulous manner. They rely on an objective reality, independent of human cognition,
which is scientifically testable. However, within positivistic research there is also a
descriptive branch. These researchers strive to present totally objective accounts of
occurrences so as to demonstrate issues imperative to information systems communities.
Interpretive studies, on the other hand, presume that humans create their own subjective
reality by interaction with their context. These researchers deny the existence of an
objective reality and instead seek a deeper (and individual) relativistic understanding
(interpretation) of phenomena. In turn, this understanding can help understand other
occurrences. Finally, critical studies try to reveal structural inequities within social systems
and thereby critique the status quo. In doing this, critical researchers think that they can
improve social conditions.
30

In conclusion, though, many researchers (e.g. Orlikowski & Baroudi, 1991; Walsham,
1995; Klein & Myers, 1999) believe that investigations do not have to completely
surrender to one of these philosophies. Instead the most productive approach might be a
mixture of the perspectives, as they answer different questions (Kaplan & Duchon, 1988).
This approach is also recommended by Lee (1991), who believes that this combination of
theoretical methods is fruitful when performing empirical research like the one presented
in this thesis. Additionally, Orlikowski & Robey (1991) mean that the traditional
separation of perspectives such as qualitative and quantitative, macro and micro, and
subjective and objective can be counterproductive. In fact, all studies require several
different approaches in order to answer the current research questions.
Taking the above stated into account, the current research is thought to fall somewhere
between the interpretive and positivistic outlooks. It is assumed that an objective reality,
which can be studied through mentioned methods, exists. Certain hypotheses are indeed
stated initially, and the aim is to test them. This can be considered to support the
positivistic view (Alvesson & Sköldberg, 1994). However, the success of IT
implementations, and their effects on productivity, is believed to depend on how involved
actors perceive and make use of them. Hence, contextual factors such as organizational
structures and social climate should be taken into consideration. These are assumptions
often related to interpretive studies. Nonetheless, amongst others, Barley (1986) shows
that similar philosophical combinations can be handled in a productive manner.
At last, this investigation entails significant explorative characteristics. Here, the term
explorative is used due to the ambition to detect and investigate different processes not
yet discussed in the current context. Therefore, when setting the frames of the research
design, the theories of Yin (2003) are widely used. Although some related previous
documentation exists, the empirical investigations are primarily, and consciously, carried
out without the support of prior research, so as to study the impact of digitization
without too many preconceived notions. The aim is to obtain the most truthful and
unbiased descriptions of the digitization development that is possible by performing
interviews, observing and reviewing secondary sources. So, the lack of identical
corresponding research and previous knowledge on the subject call for an explorative
point of view. And – as Yin (2003), Eisenhardt (1989) and Benbasat et al. (1987) –
proclaim, the methods presented in this thesis support similar preconditions.

THE ITOP RESEARCH MODEL AND IMPLICATIONS FOR THE CURRENT STUDY

The overall research model developed by, and commonly used, in the ITOP program is
shown in figure 1-1 below, as presented by Cöster (2005, p. 17). This is a conceptual
model where investments, due to digitization of processes and information flows, result in
measurable and/or intangible benefits. The changes of interest are the ones that have
occurred between now and approximately forty years ago, or from before digitization
(when the processes did not exist or were analogue) until today. So, the digitizations of
information flows, due to IT implementations, give rise to effects that in the end result in
more or less measurable benefits. Hence, this is a fairly new way of looking at
productivity, not focused on numbers or statistics, but identifying occurrences (monetary
or not) that influence productivity. The terminology in the model is further explained
when dealing with the structuring and analyzing of the collected information.
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Fig 1-1: The ITOP Research Model

In order to pursue the stated goals of this thesis, and hopefully clarify the work process
further, the scope of the research design is presented in the following extended individual
model, figure 1-2. It should be viewed as a comprehensive, and extremely simplified,
conceptualization of the methods used, rather than a strict step-by-step schedule. In other
words, it ought to serve as a map of the main events, for both reader and researcher.
Also, this is the adjusted model used to obtain the information required for investigating
the steps in the model in figure 1-1.
OBSERVATIONS
LITERATURE
REVIEW
PURPOSE

RESEARCH
QUESTION

INTERVIEWS

RESULTS

ANALYSIS

CONCLUSIONS

PREPARATIONS
SECONDARY
SOURCES

Fig 1-2: Research Design

Because of the stipulated strivings, and the assumptions within the ITOP program, a
number of practical research implications arise. Except for the critical delimitation
prerequisites and methodological assumptions and The ITOP Research Model described above, this
study has to entail investigations of digitized processes at several institutions in an attempt
to answer the research questions. Knowing this, an exploration of potential research
objects was conducted. This work generated several crucial suppositions that will be put
forth below.
PREPARATIONS AND LITERATURE REVIEW

Initially, an informal pre-study was conducted. It consisted of unstructured interviews
with significant actors such as physicians, nurses, system administrators, technicians and
affiliated researchers. Basically, the main idea was to detect, distinguish and delimit
processes that could be suitable for examination in order to answer the research
questions. The interviews were essentially conversations by phone or in person, where the
main research questions were presented and the respondents’ opinions and ideas were
registered.
In order to get a necessary grasp of existing and relevant literature, these interviews were
complemented with an extensive literature review. It also served as a foundation for the
choices made regarding theoretical framework, methods and research object. For the
most part, literature with reference to thoughts on The Productivity Paradox, IT and
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productivity, empirical case examples from health care, in-depth interviews, medical
informatics and qualitative methods was studied.
Along with Internet searches, the results from the initial interviews and the literature
review made the choice of Danderyd University Hospital as research object seem highly
suitable. This is so because the hospital has all the typical features of an inclusive Swedish
hospital. Also, the access seemed excellent, due to an explicit interest in, and openness
towards, research. Furthermore, Danderyd University Hospital is fairly digitized, which
obviously meets the current needs. So as to obtain valid and generalizable results, though,
it was determined that the forthcoming results had to be compared with other health care
institutions. Due to this fact, a decision was made to carry out additional investigations at
Gynekologkliniken in cooperation with Capio St Göran’s Hospital, Löwenströmska
Hospital, Märsta Närvård (a health care center situated approximately 25 miles north of
Stockholm), Stockholm County Council and Apoteket Ormen (a pharmacy in
Stockholm).6
The pre-study additionally indicated that three process categories would be necessary in
order to get a comprehensive description of the digitization: one administrative, one
clinical and one diagnostic. Whereas the administrative processes deal with things like
patient information handling, the clinical processes entail surgery and the diagnostic
processes involve examination procedures. In choosing these key categories, most core
areas within health care were considered to be covered.
In addition, three specific processes fell out as suitable examples of the above: prescription
handling, laparoscopic surgery of cysts on the ovaries and diagnostic projection radiography. These
processes are general in the sense that they exist at most medium or large sized hospitals
in Sweden. Thus, they can be compared at several institutions in order to obtain generic
process descriptions.
Another important remark is that the previous three ITOP dissertations had a time span
starting in the 1960s in order to capture the whole digitization development until today.
This is not applicable in all of the current processes, since digitization began at different
times. Consequently, the process descriptions have varying starting points.

QUALITATIVE METHODS AND INFORMATION GATHERING

In order to reach the stipulated goals, and taking the above stated into consideration, this
thesis mainly utilizes qualitative methods. This is so primarily because of the belief that
certain intangible phenomena – such as perceived process enhancements, quality gains
and patient security – can not be detected and explained to a satisfactory extent by other
methods. The main methodology is qualitative interviews with involved parties. However,
some complementary quantitative methods – e.g. the use of statistical material – are also
used. It is assumed that quantitative and qualitative methods in fact can be fruitfully
mixed, and the results thereof can be even more rewarding than when using only one of
the categories. Nevertheless, here, the key sought after benefits from qualitative methods
6 See the A background to Health Care and the Investigation chapter for further motivations and
explanations.
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are the abilities to detect and explain occurrences that are not necessarily measurable in
traditional ways; and combine respondents’ experiences with valid documentations.
On a different note, quantitative methods focus on measurable data. Indeed, interviews
can be of interest here as well, but the gathered information should then be quantifiable
(Holme & Solvang, 1997). The questions would be meticulously prepared in advance and
they would constrain the answers to be structurally graded. Presumably, this is better
when doing something like a statistical survey rather than an investigation of complicated
courses of events. Consequently, this method is not widely used in this thesis where
intricate relations and process-related change is the object of research. Still, besides the
interviews, methods with quantitative features might be used for data collection regarding
utilized IT in the current processes. Similar data could e.g. consist of statistical material,
written process documentation, and measurements of waiting times and patient volumes.
Thus, qualitative research involves a highly situation dependent course of action in
contrast to quantitative investigations, where comprehensive, precise and predetermined
facts are gathered and arranged as a basis for analysis. The theories behind qualitative
research also suggest that focus should be on individual experiences. These methods,
though, are in no way risk-free, and in numerous situations a quantitative outlook might
be more reliable (Starrin & Svensson, 1994). However, this thesis is based on qualitative
research due to the fact that the aim is to investigate both an experienced (through
interviews and observations) and a somewhat scientifically verifiable (through secondary
sources such as process charts etc.) reality.
QUALITATIVE INTERVIEWS

When a qualitative study is executed, it entails a direct confrontation with the research
object (except, perhaps, when studying written sources), often in the shape of a qualitative
interview (or in-depth interview) where the researcher and the object (respondent) meet
face-to-face. At best, this brings about an intimate and exhaustive meeting, where the
dialogue flows in a natural manner. And, concurrently, the researcher acquires extended
insights concerning the questions of interest. Furthermore, the element of interpretation –
when the collected information is sorted, put together and given meaning – is a quite
sensitive process that places high demands on the researcher. For this process to be
rewarding and accurate, it is imperative that the information is as complete as possible.
Except for direct quotations, the depiction could benefit from indirect quotations, facial
expressions, body language, etc. (Holme & Solvang, 1997). While conducting this
research, though, it is believed that the respondents will not have any decisive reasons to
lie. Also, the large number of interviews will supply enough statements, so that any
possible attempts to deceive the interviewer hopefully will be detected.
On the contrary to quantitative research, qualitative interviews focus on the respondents’
subjective notions (Starrin & Svensson, 1994). Nevertheless, throughout the present
work, these subjective accounts are regarded as valuable when it comes to presenting a
more objective and generic comprehensive truth about the processes. Qualitative or so
called in-depth interviews are, besides what is mentioned above, built on a number of
important prerequisites. The interviewer should approach the respondent on a personal
and intimate level, but at the same time maintain a self critical distance and an unbiased
openness. Furthermore, it is vital that the interviewer beforehand has some knowledge
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about both the subject (or what he/she wants to investigate) and the respondent – in
order to maintain an adequate overview and conduct the interview in a scientific and
research promoting manner (Wallén, 1993). In the current study, this was achieved during
the preparation stage, when necessary background information was assembled.
Finally, as interviewer it is also vital to reflect on more practical issues and how they affect
the interview situation. Similar to the fact that some interviewers prefer different
methods, for example, some respondents might favor that the interviewer takes notes
rather than makes a recording of the conversation. However, while working with this
thesis, both notes and recordings (if approved by the respondent) were used. This
facilitates the following work because the material can be sifted during the interviews (i.e.
the least important information can be disregarded early in the process) in a productive
way, which is difficult when only using recording methods.
THE INTERVIEWS – REALIZATION

As mentioned, the most prominent part of the work at hand consists of conducting indepth interviews with respondents from both the practical and academic field, although
all of them strongly connected to health care. The basic assumption is that interviews of
this kind can generate a comprehensive picture of the sought after processes. People that
have actually experienced the transformations are presumed to present a more complete
interpretation than process charts or ISO (International Organization for Standardization)
documentations etc. However, such information is seen as valuable supplementary
sources and is definitely taken into account when analyzing the material.
In reference to the above, these interviews are conducted in a somewhat positivistic spirit,
in the sense that the information is understood to exist and the researcher is there to
collect it. Furthermore they are strictly empirical and qualitative rather than quantitative.
The respondents are asked about how they have experienced the implementations of ITs
over time, and the changes in productivity connected to them. And instead of asking
closed, multiple choice or yes-or-no questions, the aim is to carry out open-ended
discussions. This is thought to enable the respondents to think further and reason on the
subject. Also, the researcher has the opportunity to ask complementary questions during
the interviews. In that sense, hopefully, the interviews have the characteristics of a
conversation instead of a formal interrogation, and therefore allow the respondents to
give a broad depiction of the processes. Moreover, in connection to this study of IT
implementations and their effects on productivity within health care, the concept of
qualitative interviews with an exploratory purpose is perceived as a rewarding outlook,
mostly due to the previous lack of information in the area. These interviews are
conducted in order to gather existing and historical facts and experiences, and are based
on a set of questions formulated beforehand (se appendix 2).
A number (7–13 per process) of qualitative interviews is executed (se appendix 1 for the
respondents). They last for one or two hours each and are performed on the locations.
After these interviews, the respondents are contacted for additional questioning if
necessary. Once again, the major aim is to present an extensive picture of the conceived
and actual changes in productivity due to IT implementations. In order to get a depiction
as complete as possible, it is necessary to talk to people within the medical, technical and
academic fields, such as physicians, nurses, medical technicians and academics. The
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number of interviews, and the scope of the questions, seems enough to meet the
stipulated demands on scientific relevance and answer the research questions. This is so
because it allows for interviews with several different occupational groups for each
process, and there is also room for validating complementary interviews at institutions
outside the primary research object. Yet, if the material at any point looks as if it is not
going to be satisfactory, or parts of it not relevant, there are great opportunities for
flexibility and reconsiderations. One main idea is to maintain a humble approach to these
matters, and be open to learning and revising while doing – as regards interviews,
questions and methods etc.
After the interviews, the handling of the obtained information is carried out according to
a four step method previously suggested by several researchers. The intention of this
method is to structure and present the information in an easy-to-grasp manner – in this
case first and foremost to the researcher’s advantage, as the final results will be officially
presented in the way described in the Methods for presenting and analyzing the results section.
However, the method consists of the following four steps: 1) Perusal of interview notes.
2) Underlining text that coincides with the criteria that are essential for the investigation
(i.e. the research questions). 3) Summarizing in continuing written text. 4) Summarizing of
quotations. This method has been used by many researchers, but for a fairly recent
example from health care, see Högberg (2000). She uses this method to get reasonable
and illuminating results with the same character that is sought after in the current work.
In other words, it seems like a good method for doing an initial thinning of the gathered
material and extracting the most important information. This will serve as basis for the
final processing of the results.
SECONDARY SOURCES AND OBSERVATIONS

In order to complement the empirical study, a number of secondary sources7 of varying
nature are reviewed. Also, initially, it was necessary to scan the health care field with the
purpose of gaining essential insights about how to plan the entire work. Thus, a large
quantity of sources plays an important part as a foundation for the structuring, planning
and execution of the investigation. And, when necessary, materials like annual reports, the
Internet, research reports, articles, brochures, journals, organizational magazines, process
charts, etc. serve as strengthening sources throughout the whole research. These sources
are also used to describe the different processes and changes in productivity. In addition
they enable triangulation, i.e. they can illustrate the same matters but from different
angles. However, they might also present contradictory facts that can contribute to the
value of the end results.
It is also believed that on-site observations are important for presenting case descriptions
as truthful as possible. Therefore, when access and permission is given, observations are
performed, and they consist of monitoring the crucial processes in real-time, taking
pictures and notes.
The term secondary sources can be complicated in itself. In this thesis, though, it means information that is
not directly conveyed to the researcher from the organization at hand. Consequently, an interview with
internal parties is a primary source and external comments (written or spoken) about the current
organization are secondary sources. Needless to say, the Internet (except for directly linked pages such as
home pages) regularly is a secondary source.

7

36

METHODS FOR PRESENTING AND ANALYZING THE RESULTS

After gathering and organizing information from interviews, secondary sources and
observations, the obtained data is structured further. The comprehensive aim of the thesis
is to identify, categorize and analyze IT implementations and their effects on productivity
within health care. To do this, the analysis has to be outlined in a way that promotes
sought after results of high quality. No perfect existing method for doing this has been
found. Instead, the approach presented in figure 1-1 is used. All the obtained information
concerning changes in information flows, due to digitization over time, is structured by
types of caused effects. The course of action is process-oriented in order to find
concealed IT usage and – besides obvious and measurable – hidden effects. Moreover,
the primary process research is conducted on a micro level, whereas the result, hopefully,
is applicable on a higher level.
First of all, during the analysis, the effects are divided into direct impact and second order
impact (Lucas, 1999). Direct impact might be more obvious effects, such as direct savings
or some incremental gain, while second order impact usually results in more intangible
and comprehensive effects, such as strategic advantages or a reshaped organization. The
direct impact effects are most often, but not necessarily, measurable and regularly occur
quite close to the investments, while second order impact effects (and onwards until the
Nth order impact) can occur much later on, even years after the initial investments. These
effects might also be the result of complementary investments, such as reorganization and
supplementary monetary efforts. This fact often makes them difficult to define and
measure. For example, it can be hard to separate investments and determine how much of
the initial investment contributes to the later result. Basically, this is done with the
purpose of categorizing the information in a perspicuous and scientifically rewarding
manner.
Furthermore, with the same motivation as above, the effects are separated into
automational, informational and transformational effects, in the style of Mooney et al. (1995).
Automational effects embody the way IT can optimize process flows and serve as
substitutions for human labor. Thus, the organization is often able to eliminate certain
expenses due to labor costs. Typically, this means that a part of the production and/or
information process (regarding a product or service) is automated by new technology, and
therefore does not need any human input in the form of work. Informational effects, on the
other hand, refers to changes in the handling of information because of IT
implementations. If an organization improves its information flows (collecting, storing,
processing, distributing, and communicating information) successfully, informational effects
have occurred. For example, an implementation of an information system such as ERP
(Enterprise Resource Planning) or CRM (Customer Relationship Management) might
enhance efficiency regarding information handling in an organization through automated
and accelerated information flows, and improved storage possibilities. Properly managed,
this can lead to superior supply chains or strengthened customer relations etc. Except for
these two categories, transformational effects represent IT’s capacity to encourage and
promote process change and innovation. For instance, these effects can result in
improved consumer experiences or product enhancement, and even new products or
services. Here, synergies of investments and complementary investments are of interest.
Because investments in IT combined with reorganization, or other supplementary
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investments such as diffused infrastructures or enlarged machinery plants, can benefit
organizations financially or otherwise, this often entails a transformation, or facilitates a
transformation, of an organization.
Finally, the effects’ occurrences are divided into single or multiple. For an extended
discussion, see Mooney et al. (1995). This is done because Cöster (2005), when doing a
similar categorization, found it necessary to group the effects further. He found that some
IT implementations did not only cause one type of effects, e.g. they could have both
transformational and informational effects. Hence, multiple effects. On the same note, the
implementations that cause only one kind of effects are called single.
When these categorizations are made, the effects are presented and conclusions regarding
IT investments and their effects on productivity are drawn – they are given value and are
handled in order of precedence (i.e. the most important and influential effects are given
the most attention). Additionally, efforts are made to put them into a larger context, and
hopefully some general relevance is generated. Also, the benefits or disadvantages
spawned by these effects are divided into measurable or intangible, in accordance with figure
1-1. Measurable refers to effects that can be defined, categorized and calculated using
traditional economic methods such as CAPM (Capital Asset Pricing Model) or Ordinary
Annuity calculations. On the contrary, intangible effects can not be calculated in a similar
way. They might consist of product quality enhancements, increased patient satisfaction,
better internal communication, enhanced tacit knowledge, promotion of innovative
thinking or boosted possibilities regarding new products or services. Thus, these effects
require other measuring techniques such as ad hoc and industry specific assessments.
In addition to the facts above, all these categorizations are made because, as a result of the
preparation stage, they seem appropriate for obtaining the sought after foundation for
analysis. During the initial scanning of the existing research, and the preliminary
interviews, many thoughts on the restructuring of health care due to IT implementations
were detected. And the effects were often, even though more or less explicitly, referred to
as automational, informational and transformational. Furthermore, the dividing up in single and
multiple, and direct impact and second order impact, is mainly done to obtain a comprehensive
picture and to be able to analyze the effects separately. Finally, due to the nature of this
research, the effects are categorized as intangible and measurable. This is so because of the
present aim to contribute to previous research by expanding the knowledge about IT’s
impact on productivity. And, as mentioned in the Theoretical Framework, this can not be
done in an exhaustive manner without trying to analyze intangible effects as well as
measurable. Below, in figure 1-3, a schematic model of the analysis is presented.
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Fig 1-3: Schematic Model of the Analysis

THE VALIDITY AND RELIABILITY OF THE RESEARCH

A problem linked to empirical research procedures is how one should translate theory and
stipulated questions into concrete instruments of measurement, such as questionnaires,
observation notes and so forth. The term validity entails the connection between the
theoretical and the empirical plane. If this connection is missing, due to lack of credibility,
the research rightly becomes the object of criticism. However, it is possible to adjust a
specific research question at issue afterwards to get a better agreement between theory
and collected data, as long as this is done in a scientifically uncompromising fashion.
Formally the concept of validity is defined as an investigation’s ability to measure exactly
what it intends to (Svenning, 1996).
Also, traditionally validity is divided into internal and external validity, where the former is
concerned with the above and the latter refers to the research in a larger context. In short
terms, internal validity deals with whether the correct questions are aimed at the relevant
respondents, and if the right measurements are used depending on the unique situation.
The internal validity, however, is based on subjective assumptions, and it is the task of the
scientific community to decide whether the connection between the theoretical and
empirical planes exists. On the other hand, external validity refers to the possibilities to,
on the basis of one study, draw conclusions that apply to larger populations or analogous
scenarios. That is, according to Svenning (1996), to answer the question if the result of a
specific study can be abstracted to a generally valid theory. In this particular case of the
health care sector, the main objective is to ask the most rewarding questions to the most
relevant people. And then handle and present the information gathered in a validity
promoting way.
This is considered done because of a few major procedures and considerations: First, the
results are triangulated by locating the research to several health care institutions and
choosing respondents from different professional fields and ranks. Second, the variety
and range of the interview questions is believed to capture any dissimilarities and/or
39

attempts of deception. And third – during the entire research process – efforts are made
so as to maintain an approach as objective and unbiased as possible. Finally, all interviews
are carried out in an open-ended fashion, encouraging the respondents to submit as much
information as possible regarding the asked questions and how they perceive them.
However, due to the stated delimitations and necessarily restricted scope of the research,
it is obviously true that the investigation foremost handles Swedish health care in general
and the three chosen digitization processes in specific. Moreover, the research explicitly
represents the situation at the six investigated health care institutions. Whether these facts
undermine the validity and/or generalizability of the research is up to the reader to
decide, but due to the above-mentioned measures most of the possibly research
compromising occurrences are believed to be eliminated.
Additionally, the notion of reliability can be approached, or at least interpreted in
different ways. According to Svenning (1996), some researchers mean that one should be
able to apply the same measuring instrument several times and always achieve the same
results in order to obtain proper reliability. Others, however, suggest that it is the same
conceptions and questions that should render the exact same results, irrespective of the
measuring instruments used. This latter opinion is shared in this study – the goal is to
present findings that represent the majority of the health care sector.
Through choosing the respondents carefully – on the basis of the preparatory
investigation – and using a sufficient amount of interviews and questions, the reliability of
this research is believed to be high. In other words, if another researcher would confront
the involved parties with the same conceptions and questions, he or she would most likely
obtain similar answers. Moreover, all methods used, and every assumption made, during
this research are continuously reviewed by peers. Even the respondents have repeated
opportunities to comment on research procedures and questions.
Yet, no matter what course of action taken when interpreting the validity and reliability
concepts, the fact remains: results should be somewhat reproducible, and a general and
accepted validity should be established. To what degree the results presented in this thesis
have achieved this can of course be discussed, because, as mentioned above, the findings
from qualitative research will always contain subjective elements. In the end it all boils
down to that we are all individuals with different outlooks on life, depending on our
experiences, expectations and so forth. And to believe that we can perform research
without this affecting us is thought to be a naïve delusion. Nevertheless, researchers
should do everything in their power to maintain as high validity and reliability as possible,
and that is done throughout the present work.

CHAPTER SUMMARY

The focal point of this chapter has been to present the methodological steps taken in
order to investigate some important IT influenced generic processes within health care.
Subsequently, this is done so as to analyze the changes in productivity caused by IT
investments, and the following process transformations, due to digitized information
flows. During the entire work a positivistic perspective is kept, and mostly empirically
gathered information serves as the basis for analysis. Furthermore, the collecting of
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material is divided into qualitative interviews, on-site observations and reviewing of
secondary sources. The main research object was defined as Danderyd University
Hospital. Additionally, complementary investigations at Gynekologkliniken in
cooperation with Capio St Göran’s Hospital, Löwenströmska Hospital, Märsta Närvård (a
health care center situated approximately 25 miles north of Stockholm), Stockholm
County Council and Apoteket Ormen (a pharmacy in Stockholm) were deemed necessary
in order to achieve validating triangulation possibilities. Furthermore, three particular
processes were chosen for longitudinal investigation, namely Prescription handling
(administrative), laparoscopic surgery of cysts on the ovaries (clinical) and diagnostic projection
radiography (diagnostic). Finally, methods for presenting the results and analysis were
selected and described. They were chosen to facilitate detection and explanation of both
measurable and intangible effects of digitization on productivity.
Furthermore, with reference to this research’s validity and reliability, the prevalent and
reasonable demands are believed to be met. This is achieved through the careful selection
of research objects and respondents. Additionally, the interview questions are versatile
and open-ended. Finally, all of the collected research material is triangulated and based on
generic processes.

A BACKGROUND TO HEALTH CARE AND THE INVESTIGATION

This chapter explains the research choices regarding the empirical investigation. It also entails a short
depiction of Swedish health care and the central characteristics of Danderyd University Hospital. This is
done in order to enhance the understanding of the context in which the investigated processes have evolved.
Additionally, it is important to understand how Danderyd University Hospital is organized, and its size
and influence compared to other health care institutions. Amongst other aspects, this is so because it affects
generalizability.

THE CHOICE OF HEALTH CARE AND THE RESEARCH OBJECT

The comprehensive focal point of the empirical study is health care. However, the current
case first and foremost represents Swedish health care. The implications of this fact will
be discussed further in the analysis and discussion sections. Also, the dissertations written
by Horzella (2005) Cöster (2005) and Kollberg (2005) mainly discuss profit driven
industries8, and to expand the accumulated value of the research, this investigation of a
non-profitable (in a traditional sense) industry is added. Moreover, the delimitation of
choosing Danderyd University Hospital is made in order to facilitate the exploration of
specific and clearly defined processes. In addition, the hospital’s explicit vision is to
develop in both research and patient care, which, because of scientific understanding and
great access, is assumed to be an advantage when carrying out the study.
As mentioned above, the information gathered at Danderyd University Hospital is
validated through interviews at other institutions – for triangulation of the results and
obtaining more general conclusions. These choices were based on several criteria: first, it
seemed important to choose additional institutions that vary in size. Second, this selection
represents both private and public health care. Third, this sample is scattered regarding
geographic locations, which means that institutions in- and outside metropolitan areas are
8

The graphic industry, the logging industry and the grocery distribution industry.
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included. Finally, of course, the degree of accessibility played an important part in the
selection process.

HEALTH CARE IN SWEDEN

The responsibility for the Swedish health care system is shared by the national and local
governments, and the county councils. Furthermore, the health care is produced by the
public and private sector, where the former is the substantially larger producer, including
hospitals, health care centers and other institutions. Non-institutional care (or outpatient
treatment) is the commonly used term for health care that is offered close to patients’
homes. Usually it is the primary health care that provides this. The non-institutional care
can include various institutions, but the common ground is that the health care is close to
the citizens and that they can turn there in the first place. A smaller part of the health care
is provided by private entrepreneurs in contract with their county councils. These can be
family doctor surgeries, specialist surgeries, physiotherapists or psychotherapists, etc.
Institutional care is given at privately and publicly financed hospitals, and larger
institutions, and usually involves patients staying overnight. Emergency care is given at
emergency wards.
Health care costs amounted to approximately 9.3% of the Swedish GDP in 2005.9 The
main part of these costs is financed publicly through income taxes. Other health care
alternatives are financed by private persons or insurance companies (often through
employment agreements), which pay the entire health care cost. As a patient, though, you
always pay the same (administrative) fee irrespective of financing type.10
Swedish health care strives to be at the cutting edge regarding health care quality and
technological innovation. The political discussion tends to emphasize the importance of
health care research and development. However, as will be shown, these intentions are
not always followed by the appropriate preparations, implementations and evaluations.
A necessary final point here is that the relation between public and private health care is
somewhat complex. For instance, when talking to representatives from the public side,
opinions about potential economic and political benefits are likely to be steered in the
direction of the private sector being favored. And vice versa. Also, the public health care
is, as mentioned above, financed by the income taxes and there are really no demands on
productivity growth (although, most often, underlying political mechanisms work for
lowered health care prices and costs). While the private health care, like any other typical
companies, have to be profitable in order to survive. This sometimes brings about lesser
incentives for investments and developments within private health care, as opposed to the
public health care, where innovation and development is governmentally funded. On the
other hand, though, the funding of public health care in Sweden is based on the so called
DRG system. This means that the financing of the coming year’s treatment processes is
based on the previous annual costs. And when investing in innovations such as IT, the
typical effect is that health care organizations lose money the first years – due to e.g.
learning periods, additional investments and organizational restructuring – before they
www.scb.se
In rare cases, private persons pay the whole care cost themselves – e.g. to avoid health care queues or
receive non-subsidized plastic surgery.
9

10
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reach break even. This obviously can have an impeding effect on innovation and IT
investments, also within public health care. On top of this, the authorities ordering public
health care (in Sweden called “Produktionsnämnden”11, a part of the county councils)
have additional demands regarding the number of patients that should be received the
forthcoming year. This, in turn, influences impending expenses. Also, health care
organizations usually have a hard time saying no to patients looking for treatment, and the
number of actual patients therefore often exceeds the budgeted amount. All of these
aspects affect how much time and resources are allocated for IT investments and
technological development. The tendency, in accordance with the interviews carried out
in the current thesis, is that health care organizations are more likely to accept more
patients than to spend the optional savings on IT (at least concerning the public sector).
Thus, this is often a rather sensitive issue – where both sides feel begrudged – that needs
to be acknowledged. However, the current thesis deals with both private and public
health care, although with a slight emphasis on the latter. This is so in order to maintain
an open mind concerning these issues and give a fair picture of the circumstances.

DANDERYD UNIVERSITY HOSPITAL

The general scope of this thesis is health care in Sweden, and the specific research object
– along with the mentioned complementary institutions – is Danderyd University
Hospital12, situated in Stockholm. Although it has the organization of a corporation, all
the shares are owned by the county council and the health care is ordered by the council’s
ordering authorities. Therefore the patients do not experience any major differences
compared to ordinary public health care institutions. DUH is a so called acute-care
hospital, and its primary focus is internal medicine, general medicine and surgery,
orthopedics, obstetrics and gynecology.13 But, in addition, the hospital offers specialized
care within every major disease group. Because it is a university hospital, there is also an
emphasis on education and research.
So as to grasp the size and capacity of DUH, in 2005 they had 32,937 treatment events,
259,825 appointments and 16,361 medical care events. Furthermore, the average number
of employees during the year was 2,755. Moreover, the hospital’s students produced
seven doctoral theses, three new professors became associated, and 77 articles were
published in international scientific periodicals.
As of this writing, DUH has been aiming at becoming a totally paper free, and fully
digitized, hospital for a few years. However, as illustrated through the process depictions
below, this is not yet the case, while they have come further than many comparable health
care institutions. Right now they have numerous IT elements – both administrative and
embedded – in place, and the use of paper has decreased steadily for several years
(although much paper is still used). The following sections, though, will show that many
of the anticipated productivity-related benefits are not experienced. Why this is the case is
examined in the Analysis chapter.
Freely translated by the author: The Production Committee
Danderyd University Hospital is henceforth abbreviated as DUH in this section.
13 The information presented in this section is received from the interviews, Danderyd University
Hospital’s Annual Report 2005, and www.ds.se.
11
12
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DUH’s mission statement is: “Danderyd University Hospital must provide elective and
emergency health care around the clock, primarily to the inhabitants of northern and
northwestern metropolitan Stockholm. The catchment area for certain therapies includes
all of Sweden. The hospital is associated with the Karolinska Institute, and is committed
to research and education with close ties to health care […] Danderyd Sjukhus AB’s
operations must be characterized by ‘Quality and Caring’.” (www.ds.se)
Moreover, the forthcoming process descriptions are derived from a few fractions of the
entire DUH organization. Thus, a somewhat more comprehensive picture of its structure
is appropriate. Therefore, the DUH organization is presented here14:
Chief Executive Officer
Market Information &
Communications
KKC - Clinical Knowledge Centre

Operation Area Services

Accident and Emergency
Anaesthesiology and
Intensive Care
Medical Technology
Patient-based diagnostics
(Clinical Physiology,
Radiological diagnostics,
Nuclear Medicine)

Chief Medical Officer

Operational Area Patients

Dermatology
General Surgery and urology
Internal Medicine
Medical Rehabilitation
Orthopaedics and rheumatology
Renal Medicine
Speech Therapy
Gynaecology and Obstetrics

Administration

Finance
Human Resources
Joint Hospital Services
(Contracts/Procurement,
Property, IT Strategy,
IT Technology, IT Support,
Medical Technology)

Fig 1-4: The DUH Organization

Furthermore, “The health care at Danderyd Sjukhus AB is divided into two general
medical areas: patient management and services. There is also an administration in place
to support the medical operations, plus a hospital director and related staff. As in all
corporations, the hospital’s board of directors has overall responsibility for the company.”
(www.ds.se)
Productivity at DUH is measured through several Key Performance Indicators (KPIs).
Usually they vary from department to department, or by type of measurement – e.g.
health care quality, patient satisfaction, staff efficiency or cost reduction. However, some
critical indicators used by most departments are: total cost/number of examinations, total
staff cost/number of examinations, number of examinations/number of yearly
employees, external revenues/total revenues.

14

This figure is presented on DUH’s homepage (www.ds.se) and validated through the interviews.
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THREE HEALTH CARE PROCESSES AND THEIR DIGITIZATION

Here, the aim is to present the results from the interviews, observations and secondary sources. The
analysis will be performed in forthcoming sections, instead the processes are described in view of
developments and their effects. At this point it is significant to further emphasize that the general scope is
Swedish health care, and international differences are addressed – when necessary – in upcoming
discussions. The processes are illustrated with explained graphics and following chronological accounts.
Also, due to the current core processes focus, administrative ITs – except concerning prescriptions – are
mostly disregarded. What is more, the reader should keep in mind that the three process descriptions deal
with three different milieus: not only as regards the administrative, clinical and diagnostic aspects, but they
also differ when it comes to culture and professional outlooks etc. This is a highly conscious choice, and
hopefully these diverse milieus can help explain the overall developments.

DIAGNOSTIC PROJECTION RADIOGRAPHY

The traditional radiology, e.g. the examination after breaking a leg while skiing, is
habitually called Diagnostic Projection Radiography15. This is the type of radiology
investigated in this thesis. Today, though, there are many other common fields of
radiology, such as Computed Tomography (CT), medical ultrasound, mammography and
Magnetic Resonance Imaging (MRI). There are at least two reasons why these
applications are not studied here. Firstly, the current focus is processes that have
developed from principally analogue to increasingly digitized. This does not apply to CT
and MRI, which are modern procedures that were highly digitized from the start.
Secondly, this thesis aims at examining generic processes that exist and function similarly
at most institutions. This precondition excludes technologies that are extremely advanced
or predominantly situated at specialist surgeries, like MRI and CT. Naturally, these more
sophisticated and novel methods would always be used if there were not numerous
restricting factors. But important related features such as high degrees of radiation and
large treatment costs motivates the, still more extensive, use of traditional DPR. Hence,
the process choice made here.
During the empirical work, the DPR process was defined and explained.16 Of course this
process is intertwined with others and the steps are numerous, but due to delimitation
assumptions it is isolated and seen as one separated process. Instead, important affiliated
processes, and how they are effected, are accounted for in the Analysis section. When
putting the gathered information together, the following DPR process (fig 1-5) was
derived17:

Henceforth abbreviated as DPR, also known as x-ray and Plain Film Radiography. For pictures from the
DPR process, see appendix 5.
16 The main contributors of information regarding this process are Tony Jilert, Christina Kling-Hassler,
Anna-Lena Vikman and Jolanta Bernholc. Additional information was given by Ingvar Sääf, Anne-Marie
Grönholm, Eva Deutgen, Agneta Berntsen, Ing-Britt Falk, Agneta Schmidt, Jörgen Striem, Carl-Göran
Ericsson and Barbro Naroskyin. For details about the respondents, see appendix 1.
17 The presented model is a description of the DPR process as it is composed today, as opposed to before
digitization. For detailed information about the process modeling and how to understand the model, see
appendix 3.
15
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1) Patients usually arrive at the DPR reception at the request of a referring (e.g. family or
specialist) physician, already having an appointment time scheduled. Since a few years,
several hospitals in Sweden also have so called “drop-in” services, which mean that
patients can arrive unannounced and get an immediate appointment. Furthermore,
patients always have arrived instantly from the emergency room with acute problems.
Normally they also pass through the reception and waiting room before being x-rayed,
but when the problems are very serious they might be examined directly. The information
arrives through several channels at this initial point in the process. Digital information
usually enters by means of different administrative IT systems. Either the responsible
physician, or nurse, obtains the patient information from internal systems, or – when such
systems exist – connected external systems (typically when patients are not in their usual
health care area). Additionally, health care professionals can get hold of information by
calling the patient’s family doctor, or (when it is possible) communicating directly with the
patient. Then the information is processed and stored in the internal digital IT systems, so
the x-ray personnel can find it.
2) From the reception and waiting room an x-ray nurse, or an assistant x-ray nurse,
usually accompanies the patient to the x-ray room, where the nurse then prepares and
carries out the x-ray procedure. This process has been digitized in many steps during the
last 25 years. Throughout the actual x-ray process, today, the information is almost
(except for the information that is processed through verbal conversation) entirely
digitally handled. Both the photographic equipment and its affiliated machinery are
digitized. And the pictures, with the accompanying patient information, are stored in
digital IT systems.
3) After the x-ray procedure, the responsible physician examines the images – both
regarding image quality and the following treatment. The imaging methods have
transformed radically due to digitized images, and sophisticated viewing and editing
programs. Thus, this information handling is also completely digitized.
4) Either the images are clear and inclusive, or new x-rays are ordered. Fewer additional
x-rays are taken today because of increased possibilities of image manipulation. If new
pictures (additional information) are needed, step two and three are repeated.
5) When the physician has examined the satisfactory images, a preliminary answer is given
to the patient. And the images, along with the physician’s opinion, are sent to another
physician for a second opinion. As a result of digitized imaging, and digital information
and communication systems, second opinions are no longer dependent on time and
geographical positions. Consequently, this transferring of information is mostly done
through digital ITs but, still, sometimes it is communicated verbally or by mail or fax.
6) The final answer is sent to the referring physician. This part of the process is facilitated
by advanced digital information and communication systems and, as a result, the
information is usually transferred digitally (but sometimes verbally or by other means of
communication, such as mail, fax or delivery).
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BEFORE DIGITIZATION

As widely known, radiology started in 1895 when Wilhelm Conrad Röntgen discovered
the x-rays, which consist of electromagnetic radiation that, amongst other things, enables
viewing of soft or hard tissues within the human body.
During the twentieth century, radiology became increasingly refined and imperative
within health care. In the beginning radiology was used to view parts of the skeleton, but
later on, new applications such as creating images of the brain and other soft tissues have
been successfully implemented. For example, Computed Tomography (CT) was first seen
in the 1960s, Ultrasound and Mammography came during the 1970s, and Magnetic
Resonance Imaging (MRI) revolutionized radiology in the 1980s. However, this thesis is
first and foremost concerned with the development of traditional DPR, dealing with
creating images of bone structures and some softer tissues like the lungs. This procedure
is also simply called x-ray, which is one of the most commonly used diagnostic medical
tests.
In short terms, this creation of images is achieved by exposing the object to x-ray
photons. Entities of various densities then absorb the x-rays in diverse ways, and by
highlighting these differences a clear picture of, for example, a certain bone can be
produced. Before IT was involved in the process, the images were captured on
photographic films which were developed in a similar way as ordinary camera film. The
film consists of a sheet of plastic embedded in an emulsion containing silver halide salts,
and when it is exposed to the x-rays (electromagnetic radiation) an invisible and
temporary image is created. Then, by chemical processing, it becomes visible and lasting.
The processing of the film involves various steps, which entail several baths in which it is
dipped. Numerous chemical solutions are used, such as thiosulfate and acetic acid, in
order to fix the image and make it light resistant.
However, the development of DPR must be seen in the light of a number of other
important parallel developments. Also, DPR is not merely a technology or an isolated
medical procedure. The process investigated in this thesis starts with a patient getting a
referral from e.g. the family doctor, arriving through a drop-in system or at the emergency
room. Then there are many aspects – having to do mostly with administrative issues and
logistics – that have to be taken into consideration before the images have been carefully
reviewed and the patient is discharged, and the referring physician receives a final answer.
The main differences between the DPR process thirty years ago and today most definitely
are the results of the enormous development of computers and software. Although
radiology works in the same way today as then regarding the emitting side of the
technology (the x-ray tube etc.), the computerization has changed the receiving side
(image handling and storage) dramatically.
Before IT entered the arena, the whole DPR process was analogue and the machines were
managed manually. Everything was documented by hand writing or using a type writer,
and filed together with the x-ray images in large archives. If one needed to get hold of an
old image (e.g. to compare it with a new one, to investigate the healing process) or a
patient journal (e.g. to examine earlier treatments) medical staff often had to place orders
for the information. Then an administrator would have to go down to the archive and
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search the vast amount of documentation. This could take lots of time and often slowed
down the treatment processes significantly.
The first dictating devices used by DPR physicians were also analogue, in the form of
small cassette recorders which could not hold much information. Not to mention their
short battery time. This meant that secretaries would spend large parts of their days
transcribing the huge amount of dictations.
Prior to digitization, DPR divisions were often cramped with large light (illuminating the
plates) cabinets, which were needed to hang and view the heavy x-ray plates.
Furthermore, the DPR divisions were regularly dark with few windows, so as to prevent
the plates from being exposed to damaging light. Large darkrooms and baths connected
to the development were also necessary, and the queues to use these tools and facilities
were often long.
THE FIRST IT ELEMENTS

As the use of PCs became increasingly extensive in industries and homes in the late
1970s, the first computers were also seen in Swedish health care. Yet, they were rather
rare, rudimentary and very expensive. The initial use typically consisted of word
processing and (to some extent) storage. Though, during this period things happened fast.
Fairly soon most DPR divisions gradually had moved away from typewriters, and were
using computers to write reports and store information.
By the mid 1980s, many health care institutions in Sweden started to recognize that the
enhanced maturity of computers and software had the potential to change the working
conditions entirely. The technology was now strong enough to allow more effective ways
of communicating and planning, executing and documenting health care.
Ambitious individuals and determined groups of colleagues started to develop strategies
for IT implementations. Most initiatives were local and uncoordinated, contrary to the
view (which seems widespread outside the health care sector) that IT implementations
usually are initiated and driven by central political decisions. This, in large part, also
explains why there are so many different information systems within health care today:
there were few joint strategies on a national level when the digitization began.
THE LATE 1980s

The computer usage kept increasing at a fast rate during the late 1980s. By now, most
clinics and hospitals had at least a few computers for the employees to use in their daily
work situation. Even though they can not be compared to the computers of today –
pertaining to storage capacity, speed, functionality or reliability in service – they really
started to facilitate day-to-day work for most health care personnel.
Referrals, patient journals, reports and other documentation were still often handwritten,
but, depending on the ambitions of the individual institution, an increasing number of
operations were carried out with the aid of computers. Moreover, the development of
printers now brought about an acceptable printing speed and print-out quality. So, with
the intention of minimizing paper usage and smooth the progress of organizing
documentation, many DPR divisions strived for an increased utilization of these aids.
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Furthermore, during this period, the development of specialized software, aimed at the
health care industry, experienced a boost. These first programs were predominantly built
to assist the documentation, storage and administration of written patient information.
Also – due to the above-mentioned spread of printer usage, along with the specialized
software – documentation such as referrals, patient journals and various reports could be
printed out containing the necessary information but still presented in the traditional
form.
However, this course of events took place almost entirely without any previous joint
planning within or between the county councils. And because DPR divisions in general
only constitute small parts of larger organizations, like hospitals, they typically had to
succumb to the comprehensive will of the whole institutions. Along with the fact that
many health care organizations used different independent IT consultant firms producing
diverse systems, this gave rise to the use of a huge variety of incompatible systems. This
did not cause any wide-ranging negative effects at the time, but later on, as will be
touched upon below, problems due to unfortunate communication conditions has
become an increasing concern within modern health care.
THE EARLY 1990s

During this period, both the administrative IT systems and the actual DPR process
started to evolve at a greater pace than ever before. The image production, the
documentation and the connection between these occurrences improved massively and
became more and more digitized.
The so called day development of the x-ray films became a custom occurrence around 1990.
Instead of using the stand-alone developing baths, the drying constructions and the
darkrooms, there was an automatic machine for film development. The x-ray films were
placed in cassettes – so called photographic plates – and when exposed, they were put into
the day development machine, which contained spinning cylinders transporting the film
through the necessary developing baths. After a short period of time the pictures came
out ready to be examined, and the cassettes could be used again. This process was not
digitized in any way per se, but, as will be shown, it was an important step towards
digitization.
Another thing that really started to revolutionize DPR was when, instead of using day
development, this part of the process was digitized in the form of digital scanners and
Selen-conduits. The old photographic plates, which consisted of the above-mentioned
cassettes filled with film, were now refined so that they could be placed in specially
developed digital scanners. The plates now contained a Selen-conduit instead of the
conventional film. The x-ray still produced the same kind of shadow of the internal
structure of the particular part of the body being x-rayed, but the images generated by the
Selen-conduit could be scanned by digital scanners and then sent to a, by now rather
common and also digitized, laser printer. The laser printer produced a high quality printout that could be examined in front of a light source. This development took place
between 1991 and 1994.
Around 1993 DPR divisions started to use standardized (but still rather elementary)
Radiology Information Systems (RISs). For example, the RIS called VAS was introduced
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at several hospitals. These systems looked a lot like they do today, but they have been
continuously enhanced and specialized to meet different demands. Typically, the systems
are upgraded by external systems engineers and IT consultants working intimately with
the DPR divisions. Once again, there were almost no ambitions at this time to work
together, between institutions, towards homogeneous systems. So in this case too, the
variety of diverse systems and versions increased.
The RISs function very much like ordinary patient journal systems – including referrals,
personal information, medical history, etc. – only they are suited for the special
requirements of DPR divisions. The main objective is to gather all information
concerning a patient in one place in a perspicuous manner. Also, it facilitates extracting
information and creating statistics. Now, thanks to digitized administration tools, the
large, time-consuming, and expensive archives could be disposed of.
Consequently, by the mid 1990s, DPR divisions used digital scanners and laser printers in
order to develop x-ray images. The detached developing baths, the drying constructions
and the darkrooms were no longer necessary. However, the large light cabinets were still
needed, so that the x-ray images could be examined properly. Also, the RISs were fairly
common and reasonably developed, so the use of paper and physical archiving for
documentation was disappearing. And administration in general worked better, already
reducing logistic problems, process time and waiting queues.
At this point in time, professionals started to recognize the need for internationally shared
standards and nomenclatures for spoken and written information within health care. As a
result, the DICOM (Digital Imaging and Communications in Medicine) standard was
established worldwide in 1993. DICOM is a global IT standard, which “is designed to
ensure the interoperability of systems used to: Produce, Store, Display, Process, Send,
Retrieve, Query or Print medical images and derived structured documents as well as to
manage related workflow.”18 The standard is now globally used in almost every medical
institution, and as the DPR divisions became more and more digitized, the spread of
DICOM also increased successively.
Besides DICOM, there was also a need for a standardized information (e.g. written text)
management system in health care. This was achieved with the HL7 (Health Level Seven)
standard. HL7’s main mission is to “develop coherent, extendible standards that permit
structured, encoded health care information of the type required to support patient care,
to be exchanged between computer applications while preserving meaning.”19 Thus, by
the mid 1990s, there were standards for all kinds of medical information exchange.
However, it would take some time before people really started to use them. Additionally,
these standards, paradoxically, did not always work together, which would prove to have
some problematic effects.
THE LATE 1990s

As the 1990s went by, the RISs became increasingly functional and streamlined.
Moreover, by the end of the 1990s, the scanned x-ray images could be sent directly from
18
19

http://medical.nema.org/
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the scanners to computers and viewed on a computer screen. This happened on account
of evolving software, that connected the scanners and the computers and allowed for the
images to be handled directly on the screen. Laser printers were not required anymore,
and also the light cabinets became redundant. However, this software was quite basic,
which meant that the image editing possibilities were very limited and the overall
functionality was rather poor. Additionally, the connections between images and text (e.g.
referrals) were not handled at all, which provided new structural problems. Subsequently,
employees still often preferred to print out the images like they were used to.
Concurrent to the development described above, computers’ storage capacity grew
rapidly during the late 1990s, and large memory space was not really a cost issue anymore.
This created powerful incentives for completely discontinuing the laser printers and the
physical (analogue) archiving process. The films used for the laser printers were very
expensive and archives were both expensive and unpractical. So, around the turn of the
century most DPR divisions strived towards an entirely computerized environment,
without unnecessary physical documentation. Noteworthy, though, is that text and images
still were stored at different locations using different systems.
The next big step in the digitization of the DPR process was the so called digital rounds.
They were made possible by the gradually more established digital networks. The main
idea was to collect the relevant pictures from the digital archive and show them on a
picture screen using a projector (much like a PowerPoint slide show). In addition, the
patient journal and the referral were shown simultaneously on a computer screen.
Also, due to the technology development, DPR physicians were now able to abandon the
old cassette recorders for dictation. Instead, they could dictate directly into their
computer, using digital voice recorders and specialized software. This resulted in a
significant reduction in work load for both physicians and secretaries. Most importantly,
this meant that patients could get their preliminary examination answers in approximately
15–20 minutes instead of several hours.
As a direct consequence of the emergence of a functioning Internet and the capacity to
store digital x-ray images, the ability to send and receive images internally as well as
externally became apparent. This brought about extensive discussions at the end of the
1990s. It did not take a lot of thinking to realize the benefits of being able to do
consultations without geographical boundaries. However, the effects of the lack of
common systems and standards – or at least the use of the existing ones – now started to
surface.
THE RECENT YEARS

One of the most recent inventions in DPR is digital photographic plates, which are a part of
the actual DPR table. This means that they are embedded in the apparatus, so that the
plates do not have to be adjusted according to the patient. Instead the patient is moved
into the correct position. Using this technique, though, the photographic plates still have
to be carried to the scanners. There is, however, a solution to this problem already – direct
digital photographic plates, which resemble the old plates but do not have to be scanned. This
means that the embedded plates can send the image information directly to a computer
without going through a scanner. The operator receives an instant x-ray image as soon as
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the button is pressed. Afterwards, the plate is cleared, the information stored and a new
image can be taken. However, this technology is not commonly used, due to the costs.
The price for one direct digital photographic plate is approximately 1,000,000 SEK, and
until now this is not a high priority (at least not within Swedish health care).
Consequently, the most frequently used technology still is digital photographic plates and
digital scanners.
Now medical institutions and DPR divisions all over Sweden have become almost
completely digitized. The endeavor to be able to avoid paper use has succeeded almost
entirely, although medical staff to some extent still uses paper – mostly owing to old
behavioral patterns.
The DPR technology is now at a level where you can view written information
simultaneously as x-ray images on two separate computer screens. This is so because
around the turn of the century health care institutions started to use image editing
programs that are compatible with most RISs. For example, at Danderyd University
Hospital they use their own RIS called DoRIS (Document-oriented Radiology
Information System), which is integrated with GE Medicals image editing system, called
Centricity RA 600. However, DoRIS is an improved RIS, in which – in addition to the
normal RIS functions, such as ordering examination answers, booking examinations,
examination documentation, invoices, interfaces connected to journal systems and report
generation – the possibility to work in an interface with navigation of images during
reviewing of examinations and handling digital rounds, amongst other things, is included.
The generic term for programs specialized in medical imaging (e.g. Centricity RA 600) is
PACS, which is short for Picture Archiving and Communication Systems, and their main
functions are storage, retrieval, distribution and presentation of images. Basically, they
consist of networks of computers, software and storage space, and together with the
RISs, the aim is to be able to manage all information (images and text) smoothly (in this
case at and between DPR divisions). The overall concept is called RIS/PACS solutions.
Thus, thanks to these solutions, professionals are able to view one or several x-ray images
together with referrals, comments and treatment suggestions at the same time. But there
are still problems with the connections between images, medical questions and answers.
The ideal would be if changes in one feature generated the corresponding changes in the
others, and if all pieces of information could be stored and retrieved in the same place.
So, these combinations of systems are far from always working satisfactory. In earlier days
professionals had the physical x-ray images right in front of them, together with the
written referrals and journals. If, for example, a fracture in a foot is being x-rayed, the
examining physician often needs several images taken from different angles. It is one
thing if the pictures are right there on the table, and another if they have to be labeled in a
database in order to be retrieved correctly. Currently, professionals have to rely on other
people’s terminology, and the computer system, to obtain the right information. As
mentioned above, there are still huge problems due to insufficient or varying standards
and nomenclatures.
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On a similar note, ventures like the Barcelona Project and existing cooperation with India
– where DPR divisions in Sweden have worked together with foreign DPR specialists to
enhance health care quality – do not function as well as they could. The same goes for
national collaboration and on-call duty activities. Even though standards like DICOM and
HL7 have existed for many years, the transferring of medical information between
institutions is still not working without friction. For example, important features like
“Organ code” and “Position” are still not handled by these standards. As a consequence,
the national demands for common semantics and similar work processes are high (Jilert,
2005). On political, social and medical levels, there have been ongoing struggles to make
medical institutions work more together, now that the technological conditions allow it. It
would certainly be in everybody’s interest. Fundamentally, the explanation why such
cooperation is not put into practice to a greater extent, is the lack of joint planning from
the beginning and compatible systems. Also, for this to really work, large accessible
databases with secure links between texts and images are needed. Some DPR divisions in
Sweden are in fact linked together via the Internet so that they can send and receive x-ray
images, but written information still has to be sent separately.
THE FUTURE

One main issue for DPR divisions in Sweden in the future is further investments in, and
development of, the direct digital photographic plates. This is worth working for, because
it has proven to be an efficient way to reduce process time and improve health care
quality.
As mentioned above, in the early days, DPR physicians had to dictate using the obsolete
cassette recorder, and then the secretaries had to transcribe everything. The second step
was the digital voice recorders and specialized software. However, the latest technology
allows for direct dictating – i.e. the information is spoken and written simultaneously.
This is commonly known as voice recognition. Although the technology in principle
exists, Swedish DPR divisions have not been able to start implementations, primarily
owing to labor market policies. It is now a matter of convincing involved parties, and one
big question is what happens to the secretaries. At any rate, this technology is believed to
shorten the DPR process time further in the future.
The general opinion is that software development should also proceed, so that texts and
images can be handled properly by the same program. This would lessen problems caused
by lost information and confusion. In addition, it would make the DPR physicians’ work
more efficient. Also, it is an important way of maximizing security regarding patient
information.
Furthermore, all parties agree that the striving towards similar work processes,
homogeneous standards and a global nomenclature has to go on, and be even more
entrenched, so as to achieve the national and international cooperation everyone wish for.
At least joint standards for the output of systems should be pursued. Then it does not
matter if the individual work processes, nomenclatures and standards are disparate – it is
the output information that is communicated. Moreover, the somewhat vague
interpretations of the legal concerns of information handling in health care have to be
clarified and agreed upon, at least on a national level.
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On a more speculative note, the CAD (computer aided design) programs used in other
medical fields (e.g. lung diagnostics and mammography) could be altered in order to fit
DPR work. This is already being discussed, although not yet implemented. The theory is
that CAD programs could be used in order to detect critical points, which could help the
diagnoses. Probably the most pioneering technology under consideration right now is
Neural Networks in DPR. This technology, however, is only at a very early experimental
stage.

PRESCRIPTIONS

The key actors regarding prescription handling are the prescribing physicians and nurses,
the pharmacists/pharmacies and the patients. This is nothing exceptional. However, the
Swedish situation is very special when it comes to the sale of medicines: Apoteket AB20 is a
company which has a monopoly on the distribution of medicine. The corporation is
owned by the state, and its main task is retail trade of medicine in Sweden. A comparison
with e.g. the US or Russia, where medicine is sold in numerous drugstores in competition,
reveals several important differences. The proclaimed advantages with Apoteket AB are
that the distributed medicine always has the paramount quality and is sold at the best
price possible. Also, pharmacists are required to give professional advice and instructions
when dispensing the medicine. Thus, on one hand it is more likely that there exist several
medical alternatives in the US, but on the other, though, the market is not regulated in the
same way to insure patient safety and the lowest prices. In fact, many people in the US go
across the border to Canada in order to buy their medicine. This is so because Canada,
which functions similarly to Sweden regarding medicine distribution, can guarantee that
customers get the right quantity of the correct medicine at a reasonable price, and that the
quality is satisfactory.
Although Sweden eventually might have to give in to EU regulations regarding the before
mentioned issues, the focus of this report is Swedish prescription handling up until today.
The monopoly position of Apoteket AB and the associated political discussion is indeed
interesting per se. But, in this thesis, the major interest is logistic flows (primarily
including patients and information) rather than the wholesaling of medicines or economic
arguments concerning competition etc. Furthermore, there are exceptions to the typical
prescription chain of events, such as the delivering of medicine via mail. Yet, in reference
to earlier discussions, the sought after processes are generic and in line with significant
prevalent descriptions. The empirical investigation21 resulted in the general prescription
process (fig 1-6) depicted below22:

The chain of retail stores selling medicine in Sweden.
The main contributors of information regarding this process are Enock Ongwae, Eva Leander-Fryk and
Gunhild Brolin. Additional information was given by Jörgen Striem, Carl-Göran Ericsson, Barbro
Naroskyin and Sven-Eric Olsson. For details about the respondents, see appendix 1.
22 The presented model is a description of the prescription process as it is composed today, as opposed to
before digitization. For detailed information about the process modeling and how to understand the
model, see appendix 3. For pictures from the prescription process, see appendix 6.
20
21
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1) Firstly, the patient usually arrives at the surgery as a result of a perceived medical
problem. During the initial phase, the information is mostly communicated verbally.
However, at the reception desk, the receiving staff can fetch patient information (when
such information exists in the local IT system) and give it to the physician in advance.
Also, the patient is registered digitally in the administrative IT system.
2) The patient subsequently describes the problem and the physician examines the
patient, and considers possible diagnoses and treatments. Because of the recent ability –
due to digital information and communication systems – to collect patients’ entire medical
history, along with various statistics, this procedure has changed and health care quality
has increased.
3) If the problem is unusually complex, the patient might have to come back for further
examination before the final diagnosis and treatment plan is established. If this is
necessary, the appropriate parts of step two are repeated.
4) When the suitable medicine is decided upon, the physician writes a prescription. In
former times, the paper prescription was handed to the patient. Then the patient had to
go to a pharmacy and receive the medicine. Now, however, due to digitization,
prescriptions can be sent to a central electronic “mailbox” (server) that is reached by all
pharmacies in Sweden. Thus, this part of the information handling process is totally
digitized. Though, if the patient for some reason wants a paper prescription, this can still
be provided.
5) When the patient visits a pharmacy the medicine is prepared and the proper
instructions are given to the patient. Because of digitization and automation, this part of
the process is significantly quickened. The information is administrated digitally, but the
instructions are still given verbally.
6) In the end, the medicine is handed to the patient.
BEFORE DIGITIZATION

This thesis investigates the process from when a patient arrives at a surgery until the
medicine is received at a pharmacy, with a strong focus on the actual prescription
handling. Before any digitization took place everything was handled manually. Naturally,
without computers, there were no digital patient records at all, and information was
regularly kept in folders – either at the surgeries or in archives.
When a patient needed a prescription, the physician had to find the right patient records
to inspect the patient’s medical history. Furthermore, the physician often had to check the
book of medicine records (in Sweden called FASS) for a suitable drug, dose and
treatment. Then, the physician used pre printed prescription forms to fill in all necessary
information by hand. To verify authenticity, the prescriptions were manually stamped
(with the physician’s and the institution’s name, and the date). Sometimes physicians did
this more than twenty times per day, which meant that large parts of their days were
occupied with prescription writing. When the prescription was written, the patient went
to the reception where the secretary handed it out and charged an administration fee.
Now the patient could go to a pharmacy and receive the medicine. Before handing it out,
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the pharmacists had to give oral instructions about how to take the medicine, as well as
write the instructions on adhesive labels and put them on the packaging.
One major problem due to this process was that physicians usually did not have any
copies of the prescriptions, so it was hard to keep track of which medicine had been given
to which patient. Of course this information could be written down in the journals but it
rarely was (e.g. owing to stress and incongruent documentation). Consequently, it was
impossible to generate any fruitful statistics. Moreover, pharmacists frequently had a hard
time interpreting the hand written prescriptions, which caused misunderstandings and
superfluous communication. And, most importantly, this made misuse and forgery (e.g.
by drug addicts) fairly easy compared to today.
THE FIRST IT ELEMENTS

As mentioned in the previous section, the use of computers in Swedish health care
increased rapidly during the 1980s. This development naturally also affected physicians,
but not directly concerning the actual prescription writing. Computers were still mainly
used for word processing like report generation. Nonetheless, their everyday routine was
facilitated, and the burden of writing prescriptions became lesser in its context.
Before the 1990s, the main progress for prescription writing was the introduction of the
fax machine in Swedish health care. This made it possible for physicians to fax the
prescriptions directly to a pharmacy. The main benefit of this procedure was that
prescription renewals did not require patients to visit physicians repeatedly – patients
could phone in their requests and physicians’ double workload, owing to iterated
prescription writing, was minimized. Additionally, when physicians considered a patient
“suspicious”, they could fax the prescription to be sure that the right medicine and the
correct quantity would be obtained. On the other hand, there were some problems with
the fax/telephone system. Occasionally phone lines were occupied, and all health care
institutions and pharmacies did not have faxes. Also, there had to be an established
contact between the prescribing physician and the pharmacy in order to be sure of
authenticity.
During the late 1980s people really started to recognize computers, now highly developed
and affordable, as possible support in future administration. Some health care institutions
started to prepare for enhanced digital systems by discussing possible investments and
organizational changes along with acquiring equipment, such as more powerful
computers, and also hiring network qualified consultants.
THE EARLY 1990s

Exactly like in the DPR case, the digitization of prescription writing institutions, such as
hospitals and family doctor receptions, increased in the early 1990s. The rate of which
organizations got digitized varied – depending on individual foresightedness and ambition
amongst management and professionals. Monetary issues also played an important part,
and institutions prioritized digitization in different ways.
All things considered, most health care institutions were quite digitized around the mid
1990s. This meant that the majority of physicians had access to a computer that was
connected to the local network. Software for administration, patient journals and storage
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was also developed and implemented. As depicted above, these systems generally were
developed for specific institutions according to local needs by various external IT
consultants. This variety of systems unsurprisingly has influenced the whole health care
situation, not only DPR divisions. Yet, the actual prescription process has not been
influenced by this as such, because the output is totally standardized. All prescriptions,
digital or not, look the same all over Sweden.
What really changed regarding the prescription process during the mid 1990s, due to the
emergence of digital information systems, was that the prescriptions now could be written
using computers. Software development provided suitable interfaces and, using them,
physicians could fill in the required information on the computer screen and then print
out the prescription, which resembled the traditional ones. One of the most common
systems during this period was the BMS system (contemporary versions are named the
BMS Cross system), an information system developed for general medical documentation,
process integration and medicine handling (much like the RISs at DPR divisions). Even
though the system was quite rudimentary, it connected functions such as patient journals,
lab (laboratory test results), referrals and prescriptions.
This brought about huge changes. Firstly, all prescriptions were stored, which made the
renewal process extremely fast. Physicians retrieved the old prescriptions from the
databases and made updated copies in seconds. It was also very effortless to make
changes – i.e. add or subtract medicine. The everyday prescription time was also reduced
because of the optimized interfaces, in the shape of predetermined forms and check
boxes. This also made it possible to see precisely what medicine a patient had received
earlier, and allowed for a long awaited statistics production. Secondly, computerized
prescriptions eliminated handwriting, which made the whole process more efficient,
because both patients and, most importantly, pharmacists had no difficulties reading the
prescriptions. And third, the computerized prescriptions minimized the risk of
falsifications. In addition, the security was improved, in view of that paper prescriptions
could be damaged, lost or fall into the wrong hands.
Around this time, recent software and technology at the pharmacies allowed for
automatically printed adhesive instruction labels, instead of the preceding handwritten
labels. This shortened the process time and made instructions unambiguous to patients.
Moreover, due to the new information systems like BMS, physicians did not have to use
the obsolete ink stamps. As an improved replacement they now used ready-made
adhesive bar code labels.
THE LATE 1990s

The administrative information systems in health care evolved significantly at the end of
the 1990s. As the Internet became a reliable information infrastructure, and professional
use more extensive, the information systems were adjusted to handle e-mail and other
web-based communication tools. This also affected the prescription process. Information
systems like BMS were upgraded so as to include Internet-based communication, which
entailed e-mailing prescriptions to pharmacies. At this point, though, not all pharmacies
had local e-mail services. But when both the pharmacy and the prescription writer had
access to e-mail, the digitized prescriptions could be sent directly to the pharmacy. This
meant that paper prescriptions were not necessary, and the patient did not have to carry it
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to the pharmacy. Certainly, this was a progress as regards efficiency, but it also meant that
patients had to go to a specific pharmacy in order to receive their medicine.
THE RECENT YEARS

Around the turn of the century there was a unification of operating systems (OSs) within
Swedish health care. As a result of the emergence and refinement of Internet services, not
all but many health care institutions became more aware of the benefits of having
compatible systems. Most institutions switched to Microsoft Windows, which, perhaps
more importantly than the unification aspect, was more suitable for health care systems
than predecessors such as OS7. At this stage discussions about the forthcoming eprescription concept were already taking place, and to prepare for such services an
upgrading of obsolete OSs were necessary. This, inevitably, contributed to an increased
OS consensus as well. Now almost every health care institution had specialized digital
information systems for managing patient journals, lab results, prescriptions, x-ray images
and referrals.
In the early 2000s health care institutions started to utilize elaborate digitized telephone
systems, which are connected to and run by computers. The most commonly used similar
systems have typical call center features – whose main functions, in the current case, are
handling incoming calls and administrating scheduled callbacks. While telephone
counseling and receiving prescription requests constitute a substantial part of a modern
physician’s (and nurse’s) workday, these systems have increased efficiency extremely. Both
physicians and nurses have benefited from this automation of phone calls, because they
can decide in advance when to schedule callbacks irrespective of when the phone calls
were received. However, the main result of this is that significantly more calls can be
answered. Apoteket AB initiated utilization of call center functions as well. Their main
objectives are to screen and distribute phone calls.
Additionally, around this time, it was decided that the Stockholm county council would
take over the cost responsibility23 for medicine from the government, with a successive
start in 2002.24 Soon this strategy was applied to all county councils in Sweden.
Subsequently this led to increased regional incentives for follow-ups regarding medicine
distribution. Swedish health care politics entail a benefit system which, amongst other
things, gives nationally registered citizens the right to a patient’s cost ceiling within a oneyear limit for medical care and medicine under the health service. As regards medicine
distribution, this means that a patient never has to pay more than 1,800 SEK for medicine
during one year, irrespective of the actual cost. Some medicine treatments obviously cost
much more, and the difference is paid by the concerned county council. Therefore, the
county councils increasingly gained interest in developing systems for controlling the
medicine distribution through follow-ups and statistics. Basically, they wanted to know
what they were paying for, and how efficient the distribution actually was. And
23 This does not mean that medicine is totally free of charge in Sweden, only that the county councils are
responsible for the administration of them. However, everyone permanently living in Sweden is covered
by the national health insurance scheme and is entitled to a range of sickness benefits – including medical
care, hospital treatment, physiotherapy and dental care – and, consequently, also medicine (over a certain
cost limit). For associated discussions, see pp. 41–43, and the forthcoming sections.
24 Uppbyggnad av gemensam IT-struktur för elektroniskt förskrivarstöd och elektroniska recept. HSN 2001-06-19, p. 7,
Tjänsteutlåtande 2001-04-26, HSN 0106-0313.
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implementing the e-prescription service would allow county councils to see exactly how
much of what medicine was prescribed where. This, together with strivings towards a better
health care in general, contributed to widespread discussions about a national IT
infrastructure for health care, with e-prescriptions being one important feature.
Thus, in the beginning of the 2000s, the e-prescription service started to evolve.
Essentially the service signifies electronic prescribing and transferring of prescriptions to
pharmacies. The prescribing physician or nurse completes the prescription in a
prescription module, and thereafter it is transferred to pharmacies in structured form25.
The e-prescription service is entirely handled on a county council level, and interested
prescribing physicians have to contact the concerned county council in order to get
started.
There is no central national decision concerning e-prescriptions in Sweden. For instance,
in the UK, a governmental decision involve that the entire health care sector have to use
the same systems. This led to a smoother transition and facilitated communication
processes. However, many organizations had to un- and relearn. In Sweden it has been
every county council’s own responsibility. Thus, every county council is a detached
individual organization and has had great freedom regarding the choices of e.g. patient
journal systems. This has led to a vast variation of implemented systems, where some are
more suitable for e-prescriptions or non-institutional care than others, and so forth.
Therefore, today it is very difficult to find separate systems that can handle all aspects of
digitized health care. Consequently, the county councils’ demands on functionality,
security, quality and compatibility have increased much in recent years and continue doing
so.
So, the development of the e-prescription service really took off around the turn of the
millennium. However, initially, these prescriptions could only be sent to one pharmacy at
a time. It would take until 2004 before the prescriptions could be reached by all
pharmacies. This was made possible by the launch of the national e-prescription mailbox,
which is Internet-based and allows for all pharmacies in Sweden to fetch prescriptions
from a national platform. In other words, this means that physicians can write
prescriptions directly to the web, and they are reached by all pharmacies instantly. Yet, if
requested, a specific prescription can still be sent to a certain pharmacy. This might be
preferred when a patient knows which pharmacy will be visited in order to receive the
medicine. Then the pharmacy’s staff can prepare the medicine beforehand. This means
that patients do not have to visit the surgery as much. Repeated prescriptions can be
phoned in or e-mailed. Usually the physician or the nurse can fill in the digitized
prescription form while the patient is still on the phone, and when they hang up the
prescription is already in the central mailbox ready for pick-up at any pharmacy.
On a more technological note, the e-prescription process can be described as follows. The
prescribing physician or nurse is connected to a common prescription server (run by the
county councils) which, in turn, is connected to Apoteket AB’s server, that is reachable
from all pharmacies in Sweden. To gain access to the servers, prescribing physicians or
nurses have to enter into a contract with the concerned county council through a
25

Here, structured form means a standardized structure for correct transferring of prescription information.
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subscription. Then all prescriptions are sent through the county councils’ servers to
maintain high security. Additionally, there is an IT infrastructure that connects all county
councils. Thus, there are separate transferring nets within and between county councils.26
Furthermore, users need specific software to be able to use the e-prescription services.
The two most important pieces of software are the API (Applicant Program Interface)
and the EDI (Electronic Data Interchange). The former is an interface that facilitates
utilization of functions for specific services available in other separate programs or
collections of functions, and the latter is a standard for electronic transfer of structured
data between two separate information systems. Together, this software can select certain
bits of information, package it in the correct form, send, retrieve and unpack it. Today the
e-prescriptions are sent using XML (Extensible Markup Language), which allows the
information to be extremely well cipher coded and signed. The use of XML also makes
the transferring time – from the prescribing physician or nurse to the pharmacy – very
short. It is a matter of seconds. When the information arrives at the pharmacy it is
unpacked using a personal key, translated and placed in a database. Then a pharmacist can
receive the prescription and dispense the medicine.
The e-prescription services provide some complementary qualities as well. Using a
personal password, physicians can search for detailed medicine information, such as
dosages, supplementary treatments and side-effects when writing a prescription.
Moreover, the security system complies with the safety requirements posted by the
Computer Inspection and EU in order to protect individuals’ personal integrity. Also, all
information processed by the system is cipher coded with 128-bytes SSL-code.
Since its launch, the e-prescription service has undergone further development and has
several new features. For instance, today many institutions have so called “smart lists”.
When a nurse or physician is about to write a prescription and post it as an e-prescription,
the system automatically generates a list of preferable medicines (based on effect, quality
and price). These lists are regularly put together by the county council and different
experts, and recommended to medical institutions. Besides encouraging professionals to
select appropriate drugs, this procedure facilitates prescription writing, because the users
only have to write a few letters, and then all possible (and preferred) medicines are
presented. Another recent feature is “ApoDos” which allows for prescribing complex
compositions of medicines for patients in need of advanced treatment. In other words, a
physician can prescribe a list of medicines – for the patient to take over a certain period
of time – in one operation. Then the patient can go to the pharmacy and receive the
medicines packaged in dosage bags marked with instructions and dates.
The latest development is that if a person has a prescription with several receiving
occasions, the (paper) prescription can be transferred into Apoteket AB’s computer
system the first time it is used. The next time that person is about to collect medicine, the
only thing needed is a personal identity card. These prescriptions can be stored for up to
15 months. As a part of this service, consumers also get an e-identification and a personal
code. Using them, the person can visit the “My Medicines” section at www.apoteket.se
and get a written compilation of obtained medicines along with expiration dates etc.
26 For example, the SLLnet (Stockholm county council transferring net) connects actors within Stockholm
and the Sjunet handles connections between county councils.
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Every development mentioned above is meant to increase efficiency for both
professionals and private persons. And since the introduction, the use of paper-based
prescriptions has decreased considerably.
THE FUTURE

The general aspiration regarding prescriptions at medical institutions today is to create a
more elaborate central prescription handling unit. The most important development
would be to make it possible to see exactly who has prescribed what to whom and when. As it
is now, a patient can pick up the same medicine several times at different locations using
different prescribing physicians. Furthermore, having this information would permit
professionals to avoid unnecessary double work and redundant examinations.
Moreover, medical staff wants the establishing of “smart lists” to go even further. Every
health care institution still does not have this system, and if they did, the preferred
medicine would always be prescribed. Additionally, it would complicate for commercial
medicine companies to influence medical professionals in the choice of brands. There is
also an explicit demand for a development of this system, so as to only show the
medicines that are in store at the current pharmacy.
Besides the above, a complete utilization of the e-prescription system is a common goal.
This would eliminate waiting for expensive printers (for paper-based prescriptions),
increase security and further facilitate cooperation between health care institutions.
Also, there is an ongoing project that will include patients in the system to a greater
extent. The ambition is that the interactive level of the system will be substantially
enhanced. Patients will be able to follow up their appointments, examinations and
prescriptions. In the future, patients will hopefully be able to post their prescription
requests (of course, mainly for prescription renewals and iterations) directly on a webpage
where the physician can review them.

LAPAROSCOPIC SURGERY OF CYSTS ON THE OVARIES

Laparoscopic surgery is part of the field called endoscopy, which entails looking inside the
human body in a medical context. The procedure is also called keyhole surgery and is
focused on surgery within the abdomen or pelvic cavity. There are other applications of
endoscopy, such as knee surgery, but the main area is the above-mentioned. The
treatment is considered to be first mentioned by the Swedish physician Hans Christian
Jacobaeus, when he used the term laparoscopy while investigating the abdominal cavity in
1910 (Flam, 1997). Another often mentioned name when discussing the inventors of
laparoscopy is the German gastroenterologist Heinz Kalk, who used the terminology in
the late 1920s. He mainly employed laparoscopy as a diagnostic method for liver and
gallbladder disease, and since then the technique has evolved enormously regarding
possible treatments and quality.27 Also, the Hungarian János Veress gave the cannula used
for gas insufflation (the Veress cannula is used to insufflate the surgical area with carbon
dioxide) during laparoscopic surgery its name (Flam, 1997).

27

www.wikipedia.org
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Although laparoscopic surgery has been around since the early 1900s, the range of
possible surgical operations has been very limited until the late 20th century. This is mostly
due to rudimentary analogue equipment. Starting around 1980, however, the development
of laparoscopy rapidly accelerated. The procedure became increasingly digitized, resulting
in an immensely increased range of feasible surgical operations. Many of these operations
had been performed earlier, using other methods than laparoscopy, which often entailed
large incisions. Subsequently, these openings caused comparatively prolonged
convalescence and greater risks. Since the current interest is digitization effects, the
empirical investigation presented here begins just before the first digital features in
laparoscopic surgery. However, in this case, it is also important to compare digitized
laparoscopy with other, non-laparoscopic, surgical methods used earlier (because analogue
laparoscopy was a limited method for performing the same procedures). Thus, before
digitization there were both analogue laparoscopy and other surgical methods.
Focusing on laparoscopic surgery of cysts on the ovaries, the actual surgical method has
looked rather the same during the IT-related development: first the Veress cannula is
inserted through a centimeter long incision just below the navel. Then approximately
three to five liters of carbon dioxide passes through the cannula into the abdominal cavity
(in order to see anything through the medical binoculars (the laparoscopy) and to avoid
damaging of neighboring organs or tissue). Thereafter the trocar is inserted through a
similar incision, and the laparoscopy is inserted through the trocar. Also, the patients are
tipped backwards in order to free the gynecological organs from intestines and other
organs. Via additional incisions the help trocars (tools for removing unhealthy tissue,
tongs and pliers, suture gear, burning devices and tools for the assistant) are inserted.
Then the surgery is performed. One difference compared to earlier is that now patients
usually need four incisions instead of two, because of the assistant’s tools. This, however,
is regarded as generating more benefits than the incisions generate disadvantages. Also,
the modern stationary apparatus consist of a camera, a gas insufflation machine, a tank
with carbon dioxide, a light source, fiber optics and recording devices.
In Sweden, these kinds of gynecological procedures usually have a routine character and
they normally do not continue for more than an hour. The typical surgeries performed
are: sterilization, surgical operations on the ovaries, hysterectomy, removal of myomas,
incontinence treatment and extrauterine pregnancy treatment. However, abroad and
within other medical areas, almost everything has been treated with laparoscopy – e.g.
cancer, removal of the appendix, hernias, gallbladder (cholecystectomy) and prostate
disease. Consequently, in general, the number of possible procedures and the health care
benefits, due to the development of digitized laparoscopy, are numerous. For example, in
rare cases, IT-based communication and laparoscopic robotic technology have allowed
for specialists located in New York to perform surgery on Swedish patients, without
neither of them leaving their home town. Regarding the small field of laparoscopic
surgery of cysts on the ovaries in Sweden, though, the main achievements have been
enhanced treatment quality and shortened convalescent time, owing to increasingly
sophisticated fiber optics, digital imaging and other highly developed surgical tools. Also,
the security as regards laparoscopic apparatus has increased enormously, as a result of
different warning systems that e.g. monitor that the pressure in the abdominal cavity is
not too high, regulate the gas temperature, announce if the inserted surgical tools
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approach sensitive areas, prevent vapor on the lenses, etc. The primary objective today is
to eliminate risks. Moreover, the universal IT developments per se facilitate
improvements in laparoscopic methods. This is so because of increased communication
possibilities, and medical professionals also take an active part in the ongoing
globalization: they read medical journals, browse the Internet, communicate digitally with
colleagues, and inform themselves about seminars and conferences.
Moreover, as previously mentioned, many different laparoscopic procedures are carried
out today. Some more advanced than others. Though, in order to meet the stated focus
on generic processes, laparoscopic surgery of cysts on the ovaries is used here as an
example. This procedure has changed enormously in consequence of digitization, and the
method is practiced at most hospitals that perform laparoscopic surgery. In conclusion,
the comprehensive objective here is laparoscopic surgery in general, although illustrated
through the above-mentioned specific case. When mapping this procedure28, the
following process (fig 1-7) fell out29:

28 The main contributors of information regarding this process are Bengt Johansson, Berith Bäckvall,
Kristina Elison, Steffan Lundberg and Folke Flam. Additional information was given by Staffan Gröndal,
Jörgen Striem, Carl-Göran Ericsson, Barbro Naroskyin and Sven-Eric Olsson. For details about the
respondents, see appendix 1.
29 The presented model is a description of the process of laparoscopic surgery of cysts on the ovaries as it
is composed today, as opposed to before digitization. For detailed information about the process
modeling and how to understand the model, see appendix 3. For pictures from the laparoscopy process,
see appendix 7.
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1) At the surgery, the physician usually suspects that there is something wrong and refers
the patient to a suitable specialist (in this case a gynecologist department). The referral
note that is given to the patient is still on paper. But the communication of patient
information – when it is necessary – between the referring physician and the specialist can
be executed via e-mail (digital) or phone (analogue).
2) During the first visit, the patient is examined, and if an unhealthy cyst is detected, the
patient is scheduled for surgery at a later date. Then the patient goes home. Patient
information is mainly fetched through administrative IT systems. Either the specialist
obtains it from internal systems or – when such systems exist – connected external
systems (typically when patients are not in their usual health care area). Additionally,
health care professionals can get hold of information by the procedures mentioned in step
one, or (when it is possible) communicating directly with the patient. Then the new
information is processed and stored in the internal digital IT systems.
3) In a while, the patient usually receives a letter (analogue information, still not e-mail by
default) with the date of registration. On that day the patient returns to the department
and is examined further. Also, the patient visits the anesthetist, who makes an assessment
of which anesthetic that should be used. Then the patient goes home again. This
information processing is handled similarly as mentioned in step two.
4) When the patient returns, typically the day after, she is accompanied to the anesthetic
department. Administrative IT systems are used as information sources necessary for
patient logistics and treatment preparations.
5) The patient is then put in a hospital bed and rolled in to the surgery room and is
anesthetized.
6) When the anesthetic circumstances are right, the surgery is performed. Due to
advanced fiber optics and digital imaging techniques, this surgical operation procedure has
changed radically during the last 25 years. Thus, both embedded and administrative IT is
used in order to perform the surgery and process and store the generated information.
7) After surgery the patient is rolled in to post-op, where she is monitored carefully
during the awakening and the following hours. Any changes in patient health, or
additional necessary information, are continuously registered in the internal IT systems.
8) When the patient is stable and feeling well, she is moved back to the gynecologist
department to rest and regain strength. Information is handled as described in step seven.
9) Today, patients usually do not need to stay at the department for more than a couple
of hours, then they are discharged and sent home. This procedure is also registered in the
internal IT systems.
10) Also, the following time spent on the sick list has been shortened from around four
weeks to one, or two weeks at the most. The whole recovery process is speeded up
because of the small incisions needed today, compared to large open wounds a few years
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back. This is possible as a result of the development of digitized surgical operation
procedures in laparoscopy.
BEFORE DIGITIZATION

Before digitization, laparoscopic surgery was performed entirely manually with analogue
equipment. Basically, two small incisions in the abdomen or pelvic area were made.
Through one incision the physician used the laparoscope to observe the critical area, and
through the other incision biopsies (a medical procedure that includes removing cells or
tissues for examination) were performed or malignant tissue was removed using a burning
device. This was rather troublesome, because the operating physicians had to look
through the laparoscope and hold it with one hand, and at the same time hold the burning
device with the other hand. Furthermore, the burning device was connected to a pedal
managed by the left foot. So, additionally, the physician in fact stood on one leg during
most of the surgical operations. This made the ergonomic situation very unpleasant,
which subsequently limited the amount of possible surgeries and the operation time. It
should also be mentioned that before doing laparoscopic surgery, the surgical area was
(and still is) insufflated with carbon dioxide. This is done in order to move the
surrounding organs so they will not be perforated by the inserted surgical equipment.
Also, this is necessary so as to see anything through the viewing device, which, in turn, is
inserted through a trocar (a tool which is passed inside a cannula, and functions as a
portal for the subsequent placement of other devices, such as the laparoscope etc.).
Moreover, the only one who saw what was going on was the surgeon. In the medical
profession there is a policy that there should always be at least one assistant present, that
can observe the procedure and confirm that everything is working accordingly. This was
not the case in early laparoscopy, which made safety relatively meager, and this also made
many advanced procedures impossible.
Due to the above, before digitization the range of laparoscopic surgical operations
conducted was limited to biopsies, sterilizations and the occasional removal of minor
cysts. Mainly, the elimination of cysts on the ovaries – along with today’s utterly
important surgical operations such as gallbladder surgery etc. – required large incisions
and opening of the whole abdomen or pelvic area. Subsequently this caused large scar
formations, a great infection risk and a prolonged convalescence.
THE FIRST IT ELEMENTS

In the early 1980s laparoscopy became an increasingly ordinary procedure and gained
more space in medical educations. The equipment developed rapidly during this period,
but the definite breakthrough was the start of video laparoscopy in 1982. However, it
took some time before it was a generic process in Swedish health care, but around the
mid 1980s most of the main hospitals used the method.
This technology involves a digital image-forming fiber optical system, which illuminates
the observed organ or tissue and transmits an image to an attached video camera through
a lens system. Embedded in this system is an additional channel for medical instruments.
The transmitted image can then be viewed on a screen using a projector, television or
computer. However, this last viewing method was more extensively established in the late
1980s.
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Due to this development, many more procedures could involve laparoscopy, and the
surgery of cysts on the ovaries was enormously improved. Now the only thing needed
was one small incision, and most complications caused by large openings were
diminished. Furthermore, everybody involved in the surgery could view the whole
procedure, and the equipment allowed for valuable magnification effects, which made
laparoscopy more precise and safe. Also, the prior limitations because of unfortunate
ergonomics were strongly reduced. Moreover, the health care quality was additionally
enhanced by the ability to record surgery on videotapes. These tapes could be saved for a
few weeks until the physician was sure there were no complications. They were also a
great asset in education.
THE LATE 1980s

During this period the video laparoscopy method was even more refined and widely
spread, and the associated tools – such as knives, scissors and pliers – became more
advanced (e.g. laser knives and ultrasound devices used in laparoscopy). However, the
actual process of laparoscopic surgery of cysts on the ovaries was not changed. The main
thing was that improvements in digital technology made the equipment more accurate
and the imaging system more sophisticated. Worth mentioning, though, is that the field of
application had come to entail such advanced surgery as cholecystectomy (gallbladder
surgery), which was a revolution in its area, increasing the survival rate of patients
immensely. This procedure also made even more physicians, and especially gynecologists,
interested in laparoscopy.
THE EARLY 1990s

The mechanical (or automation) side of digital laparoscopy experienced some progress
during the early 1990s. For instance, a robotic arm was designed to hold the laparoscope
camera. Furthermore, instruments to improve safety, reduce resource utilization, and
improve efficiency and versatility for the surgeon, were developed. However, at this time,
not many hospitals in Sweden had this equipment, mostly for monetary reasons, and it
was not until a few years later it became a standard feature.
THE LATE 1990s

An interesting development in the late 1990s was the ability to make live broadcasts of
laparoscopic surgery over the Internet. Amongst other things, this enables geographically
independent specialist support during surgery and great educational benefits. Even
though this technology is not very frequently used on a global basis, it is predicted to help
improving health care quality and to further increase the amount of possible surgical
operations.
In Swedish health care, the politicians and the social insurance office started to really
acknowledge laparoscopy at this point. When the results of modern laparoscopic surgery
of cysts on the ovaries, and other procedures, became clear, the comprehensive economic
paybacks – mostly owing to shortened convalescences – were recognized as well. Before
digitization, the convalescence regularly lasted for up to four weeks, and after digitization
generally for one or two weeks at the most. Naturally, it is always of all involved parties’
interest to keep the population fit for working in a fine condition. This brought about a
political willingness to sponsor laparoscopic surgery and equipment, which consequently
led to enhanced health care quality and reduced waiting queues.
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THE RECENT YEARS

As regards laparoscopic surgery of cysts on the ovaries in Sweden, not much has
happened in recent years. However, minor improvements in equipments take place every
year. Abroad, and generally on an experimental level, the latest technology consists of
almost completely automated digital systems in the form of surgical robots. One of these
robots, which is utilized on a regular basis in laparoscopic robotic surgery, is the Da Vinci
Robot (the Da Vinci Surgical System) developed in the US. However, as of today, it is
only used in highly advanced laparoscopic surgery (not cysts on the ovaries) and in
specific circumstances. The foremost reasons for this are its price tag and the special
educational needs. The key features of laparoscopic technology like the Da Vinci Robot
are further visual magnification, stabilization and incision reduction. For example, the
robot uses electromechanical damping of vibrations due to machinery or shaky human
hands. The Robot can actually be tuned to even out an individual surgeon’s natural
shakiness.
Furthermore, irrespective of medical area and treatment methods, laparoscopic health
care has come a long way since the initial diagnostics and biopsies. However, the effects
are not mainly changes in the actual procedures, but in quality. During the 1980s and
1990s a certain level of surgery, and an amount of possible operations, was established,
and then the tools and equipment have improved in quality, as regards e.g. accuracy,
safety, smaller incisions, shorter convalescence and health care time, etc. This primarily
pertains to gynecology and laparoscopic surgery of cysts on the ovaries. Laparoscopy has
evolved more concerning general surgery, and surgical clinics have come a long way using
robotic surgery and increasingly sophisticated technology.
Additionally, today (as opposed to before digitization) clinics often use several screens
(for ergonomic reasons) and record surgical operations (for quality insurance and
educational purposes). For instance, some institutions return referral answers along with a
few scenes of digital film from the surgery. This allows for the referring physician to get a
better picture of the surgical course of events.
THE FUTURE

It is believed that further development in this area depends on economic investments and
enhanced professional expertise. The common wish amongst physicians regarding
laparoscopic surgery of cysts on the ovaries – and laparoscopy in general – is to enrich the
health care with advanced technology, such as the Da Vinci Robot. It is a matter of
prioritizing and money, but also supplying the appropriate information and motivation to
politicians.
Another technology under further development in Sweden is laparoscopic surgical
operations using intra-abdominal ultrasound. This allows for the viewing of cysts by
inserting ultrasound tests in the uterus, which is a superior way of observing where fluid
filled and firm parts are located. By using this technique, it is easier to examine a cyst and
decide how to remove it. Moreover, gynecological cancer treatment and intestine surgery
using laparoscopy is expected to improve during the next few years.
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CHAPTER SUMMARY

This chapter has told the story of three important generic processes within Swedish health
care, and how they have become increasingly digitized during the last decades.
Furthermore, an effort has been made to present the effects of this digitization. These
effects are intertwined, they materialize over time and are more or less tangible. In spite of
that, there are numerous effects that have visible positive or negative connotations. The
fact that ITs are excellent tools when trying to accelerate work processes and increase
health care quality is hard to dismiss. But the problems arise when attempting to describe
exactly what is going on and how these enhancements occur. Furthermore, ITs are always
employed in a context as enabling technologies. They are not isolated occurrences that can
act on their own in order to improve productivity. Therefore, it is up to organizations to
prepare for, and follow-up, these implementations in order to utilize the ITs in a
productive manner. Thus, the above-mentioned effects will be further categorized and
analyzed in the next sections, allowing a clearer view of which effects actually affect
productivity and how. Efforts will also be made to reconnect to the initial theoretical
discussions regarding ITs, and how their different features affect organizational
development.

RESULTS: EFFECTS OF DIGITIZATION

The main objective of this chapter is to present an account of the results – in the shape of productivity
effects due to digitization – from the empirical investigations of the three processes. The core ambition is to
recapitulate and explicate the decisive process changes – owing to IT implementations – that have occurred,
and how they have affected health care, with a strong focus on productivity. In other words, the fairly
exhaustive process development descriptions put forth in the previous section will be refined and presented
in a more concentrated and graspable manner. The final analysis of the detected effects, and their
connections to IT and productivity, is carried out in the Analysis chapter.
The development described above has lead to a number of, more or less concrete,
positive or negative effects. Most of them have been touched upon in the transformation
depiction, however, some explicitly and in detail and others more implicitly. Furthermore,
these effects are somewhat problematic to categorize. First of all, the primary theme of
this thesis is how process digitization has changed productivity within health care.
Sometimes these changes in productivity happen after a long period of time and at the
end of the cause-and-effect chain, which can make them seem rather far-fetched.
Nonetheless, they are important when summarizing the changes in productivity due to IT
implementations. Second, the changes affect different parties – such as health care
administration, patients, the environment and the societal economy. Of course, some
changes affect several parties, and occasionally in different ways – e.g. what appeals to
patients might not be as popular amongst professionals. And third, some effects are the
result of different interacting developments, where some aspects are irrelevant when
discussing productivity, creating complex synergies where precise causes and effects are
hard to determine. Finally, it is difficult to isolate and compare the influential power of
these effects.
What is more, despite many obvious positive effects, a general inability to fully make use
of the technologically enabled communication possibilities is implied in the previous
descriptions. Whether it has to do with factors such as insufficient nomenclatures,
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standards, instructions, education, incitement or rigid regulations, poorly adjusted
organization structures or lacking preparations, is hard to say. This is analyzed further in
forthcoming sections.
In order to pursue the above stated goals, the effects have to be categorized in a fruitful
and conceivable way. Therefore, here, they are put forth according to two different
principles: first of all they are labeled as benefits or disadvantages. This distinction is
based on how the respondents have perceived the effects, together with complementary
research, including reviewing of secondary sources and on-site observations. Secondly,
they are arranged according to the group which predominantly experiences the effects.
Sometimes, though, several groups experience the same effects, and then they are put
down under all involved groups. Of course, one group can recognize one effect as a
benefit while another might perceive the same one as a disadvantage, and vice versa. All
variations are accounted for. The selection of critical groups is based on the same material
as above-mentioned. In other words, the presented groups are the ones that the majority
of the respondents have referred to as the decisive and most involved parties.

DIAGNOSTIC PROJECTION RADIOGRAPHY

Presented below, in figure 1-8, is a structured list of effects on productivity due to
digitization. The main benefits, though, can be summed up by the streamlining of the
DPR process which has shortened process time – affecting waiting queues and
professional efficiency in a positive manner. Accordingly, as hinted in the preceding
chapter, the major developments as regards DPR foremost consist of improvements in
fiber optics, digital imaging, and digital information systems which allow for information
– both written and in the shape of images – to be transferred, stored and processed easily.
Consequently, in general, this has led to quickened patient logistics, more effective DPR
technology, and an improved working environment.30
Perceived Benefits
Patients

•

•

•

•

•

30

Perceived Disadvantages

Enhanced administration, process
• The digitization unavoidably leaves all
time and patient logistics – i.e. shorter
parties in the hands of technology –
waiting queues and a quicker
consequently, the health care becomes
treatment process.
more sensitive to new kinds of undue
infringement of personal integrity, at
Faster preliminary and final
least as perceived by many patients.
examination answers, which benefit
However, nothing indicates that the
both patients and referring physicians.
actual total risk regarding patient
Improved cooperation between health
information security, due to
care institutions increases health care
technological development, is in any
quality regarding time (geographical
way heightened.
issues) and security (e.g. second
• As health care becomes more accessible
opinions and specialist opinions).
and transparent, the demands from
Sophisticated cipher coding and higher
patients on health care increases.
computer consciousness also
Sometimes this leaves both parties
contributes to patient security.
unsatisfied.
Minimized exposure to dangerous
radiation due to modern imaging and
fewer retakes.

For numerical examples from the DPR process, see the Numerical examples of productivity changes section.
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DPR
divisions
and affiliated
staff

•

•

•

•

•

•

•

•
•

Much shorter process time, which
means that more patients can be
managed per time unit without having
to expand the workforce.
Generally the DPR divisions are more
time and cost effective, as a result of
substantially enhanced image editing
and reviewing possibilities – e.g. fewer
retakes.
Facilitated administration and
improved patient logistics due to
elaborate RIS/PACS solutions.
Great potential for better cooperation
between DPR divisions (e.g. second
opinions) because of digital imaging,
the Internet and information systems.
Decreased geographical dependency
thanks to sophisticated intranets and
the Internet – reviewing physicians do
not have to move between floors etc.
The relinquishing of traditional
photographic film and archives has
resulted in lower rent, film, and
administrative archiving costs.
Improved working environment – e.g.
a better ergonomic situation, less
bulky machinery, more light, less
noise.
Increased efficiency because of digital
voice recorders and software.
The referring physicians get their
answers much faster.

•

•

•

•

•

•

•

•

Society31

Much shorter process time, which
means that more patients can be
managed per time unit without having
to expand the workforce.
• A generally more time and cost
effective health care.
•

•

The increased collaborations between
DPR divisions cause a high dependence
on widespread standards,
nomenclatures and similar work
processes. This adds stress,
administrative work and costs.
The digitization of DPR brings about
high computer dependence. All
involved parties have to rely on a
working network, and when computers
are down, parts of the DPR process are
as well. Subsequently, this often leads to
negative stress and inefficient
personnel. Also, the computer
experience varies a lot from division to
division.
Administration, maintenance and
management of the digitization require
many working hours and great
monetary assets.
Problems related to unifying health care
procedures and information systems are
complicated by protectionism and
deeply rooted organizational behaviors.
The extensive use of computers, in
many cases, has led to redundant
documentation (and double
documentation), both concerning texts
and images. Because of this, many DPR
divisions experience information
overflow, which tends to generate
inefficiency.
Work environmental aspects: less
bodily movement, less contact with
coworkers and growing gaps between
professional categories.
In the beginning of every IT
implementation the work momentarily
is slowed down and lots of energy is
briefly devoted to learning.
As health care becomes more accessible
and transparent, the demands from
patients on health care increases.
Sometimes this leaves both parties
unsatisfied.
Political and professional frustration
caused by large IT investments, that
often render returns that become
apparent after a long period of time,
and are hard to isolate and identify.

31 “Society” is here defined as contextual factors such as the national economy, politicians, journalists,
private persons, lobbyists, companies, organisations, etc.

73

Shorter process time means less time
on the sick list for employers and
employees.
• Minimized exposure to dangerous
radiation due to modern imaging and
fewer retakes.
• The environment benefits from the
discarding of the old film
development process, including
hazardous chemicals and toxic film.
•

Fig 1-8: Effects on Productivity due to Digitization-related Changes in the DPR Process

Although the list of disadvantages seemingly is longer (from a text volume perspective)
than the one of benefits – as regards DPR divisions and affiliated staff – the benefits per
se are perceived as, by far, surpassing the disadvantages. In fact, the technological
advances – pertaining to digitization – facilitate and quicken the entire DPR process, for
all involved parties. Moreover, patient security and health care quality is enhanced, and
the opportunities of cooperation are enormous. However, looking at the list of
disadvantages, the main occurrences preventing the vast amount of opportunities from
being utilized are human features. Thus, as technology develops and provides new
possibilities, making the implementations prosperous most certainly also requires
considerable administrative and organizational efforts. Not to mention necessary
complementary investments and education. The results also suggest that, perhaps most
importantly, decisions regarding the new technologies have to be deeply rooted and
accepted within all involved elements in the organizations. This seems to be true when it
comes to concerned external parties, the context, as well.
Furthermore, all of these observations are perceived as results of digitization, and also as
affecting productivity. Not necessarily in an obvious and direct manner, but, bearing the
current definitions and assumptions in mind, they all have affected the productivity (or
the efficiency) of the processes and/or their contexts. These effects clearly show that the
traditional definitions of IT and productivity mentioned in the Theoretical Framework and
Research Design chapters leave out critical aspects of digitization. For example, when talking
about health care output, one can not only focus on cost savings or labor productivity etc.
Because the intricate web of internal and external actors that is health care generates an
output that is very hard to measure using numbers and definite time frames. In figure 1-8,
the productivity benefits come from enhancements in a wide range of process-related
occurrences, such as logistics, information flows, health care quality, patient satisfaction,
and machinery, tools and equipment innovation. Of course, monetary aspects like cost
efficiency and ROI are also important, but they are only two elements of a vast number of
vital outputs. On the other hand, the disadvantages almost always originate from people’s
inability to master innovation, in this case, in the form of digitization. Thus, this negative
output – to put it harshly – can probably be managed in a better way, and subsequently be
reduced, by learning how to adapt smoother to implementations of this sort.

PRESCRIPTIONS

All the developments, and their effects on productivity, discussed in this section occur
due to a complex web of causes. It is an indisputable fact that health care institutions can
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take care of more patients today, without increasing the input proportionally.
Nevertheless, this is so because of numerous reasons – some more important than others.
But it is obvious that the comprehensive digitization, of which the prescription process is
a considerable element, in fact has affected productivity in several important ways.32
Another central and intricate matter is also worth mentioning here: when discussing this
development, the registration of people, and information security, are issues often
associated with grave concerns. Indeed, personal integrity is always at risk when
cataloguing private information in databases and transferring it over the Internet.
However, the information security is constantly enhanced through the use of aids such as
improved cipher coding and XML. In fact, as mentioned several times in this section, one
of the main perceived benefits of digitized prescription handling is increased patient and
information security. Listed below, in figure 1-9, are the detected effects on the
prescription process due to digitization:
Perceived Benefits
Patients

•
•

•

•

•
•

•

Physicians
and Nurses

•

•

Perceived Disadvantages

Patients can receive their medicine at a
pharmacy of their own choice.
Fewer revisits to prescribing
physicians are needed due to digitized
and stored prescriptions as well as the
ability to phone in or e-mail requests
for new prescriptions.
Patients do not need to carry a paper
prescription (and store it for later use
when prescriptions cover multiple
receiving occasions).
More patients can be examined and
more phone calls accepted (which
result in less waiting time and easier
access to health care).
Less time waiting for prescriptions.
Increased security regarding
prescriptions, due to an unbroken
information chain between care giver
and pharmacist, and a cipher coded
connection from patient journal
systems to pharmacies.
Much more legible prescriptions,
which reduce confusion and
falsification opportunities.
Increased security regarding
prescriptions due to an unbroken
information chain between care giver
and pharmacist, and a cipher coded
connection from patient journal
systems to pharmacies.
More patients can be examined and
more phone calls accepted due to

There are unsubstantiated indications
that patients more frequently do not
collect their medicine when they do not
have the paper prescription (to remind
them).
• Some patients think that the call center
services, handling incoming phone calls
to pharmacies, complicate the
communication. They would rather
have one specific phone number to the
pharmacy of interest (as before).
• If the computer system is down, the
prescription writing is significantly
slowed down, which affects other
processes negatively.
• When private information is
increasingly digitized and stored in the
e-prescription system, the issues of
personal integrity and information
security become more complicated and
resource demanding.
•

If an e-prescription is incorrectly filled
in and sent to the central mailbox, it is
very problematic to retrieve and correct
it.
• If the computer system is down, the
prescription writing is significantly
slowed down, which affects other
•

For numerical examples from the prescription process, see the Numerical examples of productivity changes
section.
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•

•
•

•

•

Pharmacists

•

•

•

•

•

•

•

Society

•

•

•

occurrences such as digitized
telephone and administrative
information systems.
No geographical restrictions, because
prescriptions can be sent from
anywhere using an Internet
connection.
Prescriptions are written much faster,
which increases efficiency.
Elaborate statistics – as a result of
digitization – facilitates follow-ups,
feedback and process optimization.
All information is managed in one
system: patient journals, lab results,
referrals, prescriptions and x-ray
images. This has increased efficiency
immensely.
Fewer telephone prescriptions
necessary.
Increased security regarding
prescriptions due to an unbroken
information chain between care giver
and pharmacist, and a cipher coded
connection from patient journal
systems to pharmacies.
Smoother dispensing process, because
the information does not have to be
fed into the computers.
The proper medicine is chosen from
the current stock, which means no
confusion regarding what medicine
should be dispensed.
Much more legible prescriptions,
which reduce confusion and
falsification opportunities.
The use of bar codes at pharmacies
has made the process of prescription
handling easier.
Over all increase in efficiency – all
parts of the processes have been
speeded up.
Fewer telephone prescriptions
necessary.
Increased security regarding
prescriptions due to an unbroken
information chain between care giver
and pharmacist, and a cipher coded
connection from patient journal
systems to pharmacies.
Much more legible prescriptions,
which reduce confusion and
falsification opportunities.
More patients can be examined and
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•

processes negatively.
More computer centered work for all
parties – some do not like computers
and prefer the traditional way of
working.

If the computer system shuts down, the
everyday work at pharmacies becomes
almost impossible.
• More computer-centered work for all
parties – some do not like computers
and prefer the traditional way of
working.
•

•

The digitized system lacks a function
that allows physicians and pharmacists
to see exactly who received which
medicine when and where. This means
that patients can pick up the same
medicine several times, using different
physicians and pharmacists (i.e. using
different prescriptions). This is not
good, since the wastage due to poor
medicine handling is a significant
problem, and drug abuse related

more phone calls accepted, due to
occurrences such as digitized
telephone and administrative
information systems.
• Elaborate statistics – as a result of
digitization – facilitates follow-ups,
feedback and process optimization.

•

treatment costs are high.
When private information is
increasingly digitized and stored in the
e-prescription system, the issues of
personal integrity and information
security become more complicated and
resource demanding.

Fig 1-9: Effects on Productivity due to Digitization-related Changes in the Prescription Process

The core benefits regarding the productivity in the prescription process are matters of
physical logistics and information flows. The major goal concerning the digitization of
prescription handling is to accomplish a high degree of convenience for both
professionals (physicians, nurses and pharmacists) and patients33 (private persons in need
of prescribed medicine).
People working with the associated software developments and Internet strategies strive
after flexibility and easy access – i.e. that customers can visit the pharmacy of their own
choice at their preferred occasion. Furthermore, prescribing physicians and nurses should
be able to fill in the prescriptions and post them as easy as possible, without timeconsuming procedures. This also pertains to pharmacists: they should be able to find web
posted prescriptions fast and serve customers without delays and other inconveniences.
Moreover, of course, a high level of information security is fundamental as the customer
information is extremely personal and strictly confidential. Thus – in addition to flexibility
and smoothness (as regards both professionals and private persons) – the information
security aspect is highly prioritized.
From a productivity perspective, the general and most important result is that more
people can be handled while consuming less time and resources, both regarding health
care institutions and pharmacies. On the other hand, as seen amongst the disadvantages
listed above, most of the negatively perceived effects consist of inabilities to adapt to the
digitization. Although, it is also a matter of improving both hardware and software, since
all features are not yet optimized. Also, the notions of computer dependence and poor
information security (which, in fact, is not true compared to the previous systems) seem
to worry more or less all involved parties. However, physicians and nurses appear to be
slightly less concerned about this than pharmacists and customers. On the whole, though,
all interviews – as well as the supplementary research – indicate that the benefits certainly
exceed the disadvantages (just as in the DPR case).

LAPAROSCOPIC SURGERY OF CYSTS ON THE OVARIES

The unanimous opinion about the digitization of laparoscopic surgery of cysts on the
ovaries is that there are no actual disadvantages (except for some minor surgical risks
mentioned below). Due to digitization, more different kinds of surgical operations are
possible and safety has increased. Also, the recovery process is shortened (because of
smaller incisions), and patients can usually return to work in one week – which affects
33 Patients are also called customers. It depends on the current perspective – at a pharmacy, persons in
need of medicine are considered customers, and at the doctor’s office, they are regarded as patients. But it
is really the same group of people.
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both societal economy and patients positively. Below, in figure 2-1, is a list of the most
vital effects due to digitization:
Perceived Benefits
Patients

•

•
•

•
•

Physicians

•

Society

•

Perceived Disadvantages

Enhanced accuracy and safety due to
increased automation, magnification
and image-viewing possibilities.
Greater range of feasible treatments
due to digitization.
Smaller scar formations compared to
the large incisions necessary before
digitization.
Shortened convalescence.
Shortened health care time.

Significantly improved ergonomic
situation.
• Shortened health care time.
• Better work conditions, because of
increased magnification and imageviewing possibilities.

Shortened convalescence means less
time on the sick lists.

There are some risks when performing
laparoscopic surgery of cysts on the
ovaries compared to other procedures:
damages on large vessels, intestine
perforation, gas embolism, lung
embolism, pneumothorax (or collapsed
lung), hemorrhage from vessels in the
abdomen wall, hernias due to port
holes, and damages on closely located
organs such as urinary bladder and
urethras. However, these complications
are very rare.
• Laparoscopic surgery places great
demands on the operator (usually more
than traditional surgery, when the
surgical area was opened through one
large incision): skills, training,
experience and focus. This normally
means that not as many physicians can
perform the procedures and, therefore,
it puts a great deal of pressure on the
ones that can. Moreover, because of
this, there were many complications in
the beginning. But, in conjunction with
the overall development, these
complications decrease continuously.
• When surgery fails, due to occurrences
mentioned above, the health care and
convalescence times are significantly
prolonged.
•

Fig 2-1: Effects on Productivity due to Digitization-related Changes in
Laparoscopic Surgery of Cysts on the Ovaries

Due to vast technological developments – of which significant parts consist of digitization
of information flows (both regarding embedded IT and administrative features) –
physicians can now perform laparoscopic (or keyhole) surgery of cysts on the ovaries (and
many other surgical operations). The sophisticated digital imaging techniques and
advanced surgical equipment that has evolved since the early 1980s allow physicians to
examine, diagnose, treat and remove cysts through small incisions instead of large
openings. This mostly is to the patients’ advantage, since it shortens convalescence time
and minimizes scar formations and infection risks. It also benefits society, since patients
spend less time on the sick lists and can get back to work sooner than before. Moreover,
it facilitates the whole work situation for operating physicians – through better ergonomic
circumstances and viewing possibilities. In contrast, these procedures are complicated and
require lots of training and experience. Also, if the operations fail, there are risks of
further complications.
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Once again, though, the potential disadvantages are perceived as insignificant compared
to the many benefits. Additionally, as regards productivity, laparoscopic surgery
departments can admit considerably more patients without increasing inputs
proportionally, and the patient turnover is much higher and patient logistics more
efficient.34

CHAPTER SUMMARY

In all three processes, a number of similar beneficial effects have occurred. General
streamlining – which has resulted in better patient and information logistics, increased
time efficiency for all involved parties, and enhanced patient security (regarding both
private information and health) – has been possible due to digitization. Concerning
disadvantages, the wide-ranging problems seem to be professionals’ and private persons’
inability to adapt to the new IT implementations, and organizations’ failure to prepare for
and manage them. Therefore many recognized IT-related possibilities have yet to be
explored and embraced.
It is also interesting that – if the three process developments are compared – the changes
in the DPR process and the process of laparoscopic surgery of cysts on the ovaries follow similar
patterns, while the prescription process has developed somewhat differently. The former
two have evolved incrementally, hand in hand with technology, over many years, and the
latter has developed quickly during recent years. This, of course, has much to do with the
growth of the Internet. But, additionally, DPR and laparoscopy represent examples of the
“embedded IT”, and prescriptions the “administrative IT”, defined in the early chapters.
Consequently, the prescription process development deals with problems connected to
transferring of information over the internet, security, connectivity, and user trust, while
the other processes are exposed to problems more having to do with technological
maturity, hardware and software compatibility, information systems functionality, and
legacy systems. This, however, is thoroughly discussed in the Analysis chapter.

34 For numerical examples from the process of laparoscopic surgery of cysts on the ovaries, see the
Numerical examples of productivity changes section.
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ANALYSIS
The aim of this chapter is fourfold. First, the ambition is to categorize, interpret and explain the detected
effects on productivity due to digitization, drawing on the theory and methodology presented in previous
chapters. Second, a section is dedicated to some general and concluding observations, recommendations, and
implications regarding IT implementations and productivity within health care. Third, a discussion
concerning the generalizability of the presented material is conducted. And finally, some numerically based
examples of actual productivity changes, at the investigated institutions, are given.
MODIFICATIONS OF THE INITIAL MODEL

While conducting this study, a few problems with the initial ITOP model – as described
in the Research Design chapter – were detected. Originally the intent was to identify and
examine benefits from digitization of information flows, in the form of investments in IT
and other connected features such as organizational resources. However, during the
investigation, it has become obvious that there are indeed benefits, but, as regards health
care, the possible anticipated benefits are even more imperative. It has become apparent
that the digitization of health care is less extensive than expected, and the potential
benefits could change health care enormously for the better. Therefore, in the following
analysis, existing benefits and anticipated possible future benefits are both given the
proper attention. In addition to this, the reasons why this is still an emerging
phenomenon are discussed, and possible solutions to the problems related to IT
implementation, diffusion, and adoption are given some thought. All of this is based on
the interviews, the on-site observation, and the research review.
Moreover, when looking for benefits – existing or possible – it became clear that the
digitization also has brought about several disadvantages or problems, at least in the eyes
of the affected parties. Consequently, the present analysis model, as opposed to the
original ITOP model, includes benefits as well as disadvantages. Furthermore, this
investigation has generated the conclusion that understanding the perceived disadvantages
is vital in order to understand the difficulties with implementation, diffusion, and
adoption of IT, and subsequently why all possible benefits are not yet fully utilized.
Ultimately, this is also critical to recognize so as to explain why the investments in IT not
always seem to generate the sought after productivity increases.
Another aspect of the analysis is that, at this point, it is not very rewarding to divide
benefits and disadvantages into measurable and intangible, because the categorization
really does not help. If a benefit or disadvantage is considered intangible there is nowhere
to go from there, and it does not say very much about the state of affairs, other than that
there is some kind of volatile effect that is not possible to dissect further. Instead, it seems
more reasonable and scientific to regard all benefits and disadvantages as something that
in fact can be measured, maybe not meticulously calculated, but at least roughly estimated
through e.g. qualitative methods, such as questionnaires or various approximations. This
approach is embraced here – although not practically utilized – and it allows for the
analysis to include the benefits and disadvantages previously considered intangible. The
fact is that it is very hard to measure output in health care, for instance, how does one
calculate enhanced health care quality (as perceived by patients) or the productivity effects
due to a novel IT embedded in surgical apparatus? In this thesis, however, efforts are
made in order to work around these issues and instead point out what de facto has
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occurred, both regarding positive and negative effects. For future research, though, it
would be interesting to see attempts to actually calculate the outcome of such complex
sets of effects. And it is strongly believed that dividing the effects into measurable and
intangible would impede such efforts rather than help. As an alternative, the results of this
investigation suggest that it is a matter of establishing applicable and relevant metrics
beforehand, and actually make the effort to measure and follow them up afterwards. By
doing so, the effects of IT investments can be measured, and the implementation,
diffusion, and adoption of ITs can be significantly facilitated. This is also supported by
Lucas (2005) and Gardner (2000), who both emphasize the importance of having
comprehensive and well thought through systems for valuating and evaluating IT
investments.
Finally, during the study, it became obvious that the different affected key actors, related
to the processes, are vital. This is so because understanding them and their objectives can
help explain some of the problems connected to IT investments. The major issue here is
that while one actor might perceive one effect as a benefit, it can be perceived as a
disadvantage by another. Also, effects that are crucial to some actors might not even be
recognized as significant to others, which can result in problems when the former actors
try to explain the importance of the underlying efforts to the latter. This categorization,
by key actors, was already started in the Results chapter, but it was not a part of the initial
analysis model.

CATEGORIZATION OF THE EFFECTS

In this part of the analysis each process is examined, and the effects on productivity –
identified in the Results chapter – are put forth, along with discussions regarding their
magnitudes and implications. The affected actors are identified and the effects are
categorized according to the framework presented in the Research Design chapter (and fig
1-3). The effects are not ranked in relation to each other – the numbers are only used to
identify them during the analysis – and their individual importance, instead, is discussed
throughout this chapter.
Moreover, there is obviously a time component here: effects have occurred over different
periods in time, at diverse paces, and they have reached different stages as regards
possible decisive consequences. This is not considered crucial in this thesis, though,
instead the ambition is to look at what has happened between then and now – i.e. from the
first signs of digitization until today – although these issues are given some attention
towards the end of this chapter. Additionally, all of the effects identified in the Results
chapter are not represented separately here, simply because several of them can be
merged under the same headlines. Furthermore, in order to make the material easy to
grasp, every subsection ends with two summarizing tables (fig 2-2, 2-3, 2-4, 2-5, 2-6, 2-7),
where the cells correspond to each other.
Before the categorization of the effects continues, it is important to recapitulate and
further define some concepts and assumptions. As previously mentioned, transformational
effects represent IT’s ability to transform processes or organizations in order to improve
e.g. productivity, effectiveness, efficiency, and/or quality. If successful transformations
occur, they ultimately help organizations to increase their outputs and/or reduce their
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inputs. In addition, transformational effects can promote and facilitate innovation.
Furthermore, digitization-induced productivity effects that increase automation of
processes or work are labeled as automational35 in this thesis. This basically means that
components in the health care production chain are automated using digitized systems,
tools or machinery. Typical consequences of similar effects are e.g. that less human labor
is needed, and that process speed is enhanced. Additionally, in this thesis, beneficial
informational effects have occurred when the handling – collecting, storing, processing,
distributing, and/or communicating – of information has been changed in any way, e.g.
regarding existence, speed, quality and/or availability. Thus, if the organizational ability to
send, process, and receive qualitative information – internally and/or externally – has
improved, the likelihood that informational effects have taken place is high. This can
happen as a result of e.g. the introduction of information systems, new standards and
nomenclatures, and/or education.
Thereafter, the effects are categorized further. Direct impact refers to effects that most
often occur in close and obvious connection to specific investments. It can be in the form
of increased productivity and/or revenue. First and foremost, though, direct impacts
occur sooner rather than later compared to the initial effort. Moreover, these effects are
usually easier to detect and measure compared to second order impacts. The latter effects
typically occur when a significant amount of time has gone by since the initial investment
was made. These effects might also be the result of complementary investments such as
reorganization and supplementary monetary efforts. This fact often makes them difficult
to define and measure. For example, it can be hard to separate investments, and
determine how much of the initial investment that contributes to the later result.
On a more semantic note, it is also important to mention that when the effects are
divided into single and multiple, these are not actual properties of the effects per se. Instead,
it is a way of showing that digitization effects on productivity can be any combination of
transformational, automational, and/or informational. Hence, for instance, if one effect is
both automational and informational, it is a multiple effect, and if another is only
transformational it is a single effect.
Finally, it has to be mentioned that, in this thesis, there is a difference between quantifiable
and verifiable effects. In the current investigation it is assumed that the former category
denote effects that can be rigidly measured through scientifically accepted methods,
whereas the latter kind can be verified but not always measured. Moreover, verified means
that the effect has been established (e.g. through interviews with key parties) as having
occurred. Then different things can be done in order to try and obtain more or less rough
estimates of the extent or importance of the verified effects. During the work at hand –
for many above-mentioned reasons – mostly verifiable effects were detected, and no huge
efforts to measure them are made. Instead, it is believed that, in the current context, these
effects are very important, and they say a lot about digitization of health care and the

35 One could imagine that automation would involve the vanishing of professions. However, this has not
yet been the case within health care. Instead, the professions seem to incrementally transform, and the
nature of work related tasks change. This does not mean that professions turn obsolete, rather that
continuing education becomes necessary, and skill sets change over time.
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effects on productivity. Therefore, rather than trying to calculate the impacts, efforts are
made to categorize and explain the detected effects.
DIAGNOSTIC PROJECTION RADIOGRAPHY

Below, the beneficial and disadvantageous impacts on productivity, related to the DPR
process, are presented and discussed:
Direct Impacts on Productivity: Benefits
1) Shorter process time

This results in that more patients can be managed per time unit without having to expand
the workforce. In fact, this is an obvious productivity enhancement caused by various
implementations of new – and improvements of existing – administrative information
systems (e.g. RIS/PACS software), combined with long-term incremental digitization and
development of embedded IT (e.g. digital voice recorders). Shorter process time also
means less time on the sick lists for employers and employees. This digitization-related
effect has transformed the entire DPR process regarding how patients are handled and
the way DPR professionals work. Hence, it can be considered transformational. Moreover,
because this development is facilitated by automation of work tasks and process steps, it
can be described as automational. Also, the administrative information systems and the
embedded ITs enhance the information handling – e.g. the storing, processing, and
communicating of information – which make the effect informational.
2) Increased cost effectiveness
On the same note as above (1), because DPR departments can manage increased output
without more input, the productivity is enhanced as a result of improved cost
effectiveness. This is achieved through e.g. better imaging and reviewing possibilities
(fewer retakes etc.), which has changed the way professionals work fundamentally. This
makes it a transformational effect. Furthermore, because the primary way the general cost
effectiveness is improved is by better resource utilization and smoother information
handling, it can also be labeled informational. To a great extent, this enhanced information
management is made possible by automating information systems, and therefore the
effect can be described as automational.
3) Decreased geographical dependency
Due to sophisticated intranets (LANs etc.) and the Internet, reviewing physicians do not
have to move between floors or buildings as much as before. This also makes it possible
for health care professionals to perform some tasks from outside their primary work
locations – at home, in the car, etc. This saves time – i.e. improves productivity – and
expensive labor. These novel ways of working, enabled by digitization, allow for the effect
to be called transformational. Intranets and the Internet constitute automations of
information flows, which make the effect both automational and informational.
4) Enhanced administration and patient logistics
Thanks to the development of administrative software applications, made possible by
digitization of information, DPR departments enjoy smoother administration, shorter
waiting queues, and quicker treatment processes. This affects both professionals’ working
day and patients’ treatment experience enormously, which make the effect transformational.
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Additionally, the software eliminates time-consuming human labor by automating and
standardizing the processes related to managing the patient flow, and therefore the effect
can be described as automational and informational.
5) Enhanced information flows and connectivity
Due to increased connectivity and digitization of information, both patients and referring
physicians benefit from the possibilities to send examination answers back and forth, and
from the general facilitation of communication. This occurrence has been changing the
entire DPR procedure for many years – and keeps on doing so – and that is why the
effect can be regarded as transformational. IT-enabled automation, and standardization of
digital information handling, makes this sort of connectivity possible and, consequently,
the effect is both automational and informational.
6) Increased patient information security
Sophisticated cipher coding and higher computer consciousness (or user maturity)
contributes to patient security. This might not seem as an obvious productivity benefit,
but it is one indeed, because productivity is increased due to the fact that less manual
work has to be dedicated to security issues. This development is a prerequisite for modern
DPR activities to exist and function, and it smoothes the progress of creating new
features within digitized DPR. This makes the effect transformational. The main point here
is that the management of private information is made safer through digitization, and
therefore the effect can be described as informational.
7) Minimized exposure to dangerous radiation
Because of digitization (or IT implementations) – regarding both embedded (x-ray
apparatus) and administrative (modern digitized x-ray imaging) IT – patients need to
endure fewer retakes, and also less radiation per picture. This increases productivity (and
is very significant for other obvious reasons), because DPR departments, patients, and
society have to deal less with additional treatments due to radiation-related complications.
The effect is best regarded as transformational, since it has involved an important health
care improvement and a change in the way DPR is perceived by all actors involved.
8) Environmental benefits
As a result of transformations of the DPR processes, the environment, and society in
general, benefits from the discarding of the old film development process, including
hazardous chemicals and toxic film. Although perhaps somewhat far-fetched, this is a
productivity benefit, because less manual work has to be dedicated to environmental
issues. Additionally, this leads to a, perhaps a bit philosophical, societal productivity
benefit (at least from a long term perspective). This effect is considered transformational,
because it changes the prerequisites for future DPR activities (for the better), and it
involves positive implications for the entire society.
Direct Impacts on Productivity: Disadvantages
1) Adoption-related problems

During conversion to new practices, the administration, maintenance and management of
the digitization require many working hours and great monetary assets. Thus, in many
cases, in the beginning of IT implementations, the work momentarily is slowed down and
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lots of energy is briefly devoted to learning. However, carefully planning, monitoring, and
evaluating all IT implementations can limit this. These – possibly negative – phenomena
are results of the transformations, automations, and changes regarding the information
handling related to the digitization, and therefore this effect can be looked upon as
transformational, automational, and informational.
Second Order Impacts on Productivity: Benefits
1) Cooperation opportunities

Due to digitization and the Internet, and the subsequently enhanced connectivity, there is
a great potential for better cooperation between DPR divisions, which can increase health
care quality regarding time (geographical issues) and security (e.g. second opinions and
specialist statements). This, however, can still be considered emerging, and a secondary
impact, because this was not the initial intention behind the IT implementations, and
these possibilities are far from being utilized to their full potentials.36 All of this has
already started to transform the nature of both internal and collaborative DPR work, and
will probably continue doing so. Thus, the effect is correctly described as transformational.
Furthermore, this development depends on automations of processes and work tasks
which make the effect automational. Also, the cooperation is built on the ability to store,
distribute, and share information between DPR institutions, and that is why it is also an
informational effect.
2) Lower costs
The primary goal was to increase health care quality through a better imaging process –
including quality ensuring automations of processes and work steps – but due to
digitization and IT development, the relinquishing of traditional photographic film and
archives has resulted in lower rent, film, and administrative archiving costs. Thus, this
consequently has increased productivity. In many cases the cost reductions has rendered a
monetary surplus that has been used to improve large parts of modern DPR, and
therefore the effect is transformational. Also, as a consequence of the above-mentioned
automations, the effect can be considered automational.
3) Improved working environment
For instance, a better ergonomic situation, less bulky machinery, more light, and less
noise, because of digitization and the development – and implementation – of both
embedded and administrative IT, which, in turn, to a significant extent are results of
automation efforts. In other words, this has changed the entire working situation for DPR
professionals, who enjoy better personal health and more pleasant and productivity
promoting working conditions. This makes the effect transformational. Additionally, due to
the automations of both analogue and digitized procedures, the effect is rightly described
as automational.

36

More about this later in this chapter.
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Second Order Impacts on Productivity: Disadvantages
1) Dependence on standardization

The increasing collaborations between DPR divisions cause a high dependence on
widespread standards, nomenclatures and similar work processes. This is so because
handling large amounts of information in a productive manner demands official formats
for the process of doing so. This can create stress, additional administrative work and
costs, and in the end restrain productivity. The widespread and increasing standardization
affects all key actors and is changing the DPR-related work processes significantly, and
therefore the effect is transformational. It is also automational and informational, because the
development includes automating the way DPR professionals communicate and handle
medical information.
2) Computer dependence
The digitization of DPR brings about high computer dependence. All involved parties
have to rely on a working network, and when computers are down, part of the DPR
process is as well. Subsequently, this often leads to negative stress and inefficient
personnel – i.e. decreased productivity. Also, the DPR professionals’ individual computer
experience varies a lot. This dependence affect all involved parties, and their way of
working, and is an obvious result of computerization – which certainly includes
automation – and therefore the effect can be categorized as both transformational and
automational.
3) Work environment problems
For instance, some challenging issues are: less bodily movement, less face-to-face contact
with coworkers, and growing gaps between professional categories due to increased
digitization, automation, and connectivity. Today, this is the reality for everyone within
DPR, and moving from analogue to digital information is the main reason behind these
wide-ranging changes in working conditions. Consequently, this effect can be regarded as
transformational, automational, and informational.
4) Behavioral aspects
Problems related to digitizing and unifying health care procedures (often through
automation) and information systems are complicated by protectionism, resistance to
change, and other deeply rooted organizational behaviors. These phenomena exist more
or less in all modern DPR departments and have to be dealt with in order to enjoy
successful digitization. This makes the effect transformational. Furthermore, the dilemmas
are intimately linked to automation of communication and work practices, and therefore
the effect can be regarded as automational.
5) Technology and security
The digitization – e.g. through increased computer dependence and automation of work
processes – unavoidably leaves all key parties in the hands of technology. Consequently,
the health care becomes more sensitive to new kinds of undue infringement of personal
integrity, at least as perceived by many patients. However, nothing indicates that the
actual total risk regarding patient information security, due to technological development,
is in any way heightened. In this case, instead, the problems probably foremost arise from
peoples perceptions, which can be troublesome enough. In any case, information security
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is an important matter and it is changing how DPR departments work and handle
information. This makes the effect transformational, automational, and informational.
6) Increased patient demands
As health care becomes more accessible and transparent, the demands from patients on
health care increases. Sometimes this leaves both parties unsatisfied, and productivity can
go down due to stress and frustration. In other words, this affects how patients and DPR
professionals act and perceive health care, and it has generated these new kinds of
problems. Therefore the effect can be described as transformational. Also, the transparency
and access largely are consequences of the digitization, and subsequently automation of
work procedures and information handling, which makes the effect automational and
informational. Basically it is the availability of information that drives these patient
demands.
7) IT investment-related frustration
Political and professional frustration caused by large IT investments, that often render
returns that become apparent after a long period of time, and are hard to isolate and
identify. This is obviously a phenomenon directly linked to digitization and it did not exist
within DPR prior to the start of the transformation. Furthermore, IT investment
procedures have changed how health care, and DPR, is planned, executed, and evaluated.
Because of this, the effect is accurately regarded as transformational.
8) Redundant documentation
The strivings for automation and better information handling has lead to an extensive use
of computers. In many cases, this has lead to redundant documentation (and double
documentation), both concerning texts and images. Because of this, many DPR divisions
experience information overflow, which tend to generate inefficiency. The fact that this
problem is closely related to automation and information handling makes the effect
automational and informational.

87

88

89

PRESCRIPTIONS

Below, the beneficial and disadvantageous impacts on productivity, related to the
prescription process, are presented and discussed:
Direct Impacts on Productivity: Benefits

1) Geographical independence
Patients can receive their medicine at a pharmacy of their own choice. Also, there are no
geographical restrictions as regards the prescription-writing physician, because
prescriptions can be sent from anywhere using an Internet connection. This has changed
the way both patients and physicians act during the prescription process fundamentally,
and, in fact, it has altered the entire prescription writing procedure. Therefore the effect
can be considered transformational. Also, the change is built on automations of information
flows, and it has altered the way information is stored, distributed, and communicated,
which makes the effect automational and informational.
2) Smoother prescription logistics
Fewer revisits to prescribing physicians are needed due to digitized and stored
prescriptions, as well as the ability to phone in or e-mail requests for new prescriptions.
This also means that patients do not need to carry a paper prescription (and store it for
later use, when prescriptions cover multiple receiving occasions). This e.g. means that
physicians have to spend less time writing prescriptions, and patients also save valuable
time. In other words, through digitization of information, new ways of managing
information, and numerous automations of the prescription process, the whole system is
affected. Because of this, the effect is regarded as transformational, automational, and
informational.
3) Increased effectiveness and efficiency
More patients can be examined and more phone calls accepted (which result in less
waiting time and easier access to health care) due to occurrences such as digitized
telephone and administrative information systems. This also pertains to the procedure at
the pharmacies, where the waiting queues for prescription medicine have been
significantly shortened. Furthermore, on the same note, fewer telephone and paper
prescriptions are necessary. Thus, this has affected the entire prescription chain, from
physicians, via patients, to pharmacies, and has changed the way all involved actors
operate. It also results in possibilities for further productivity promoting developments.
All of this makes up several of the typical characteristics of a transformational effect.
Moreover, the central mechanisms behind this development are new ways of handling
digitized information through automations of e.g. telephone communication and patient
record management. This makes the effect automational and informational.
4) Unity and compatibility
All information is managed in one system: patient journals, lab results, referrals,
prescriptions and x-ray images. This has influenced all involved parties – physicians’ and
pharmacists’ work is facilitated, and the entire prescription process is smoothened from
the patients’ perspective – and has increased productivity immensely. Furthermore, the
system is based on digitized information and the automation of entering, storing and
retrieving information. Therefore the effect is rightly described as transformational,
automational, and informational.
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5) Quickened information entering
Due to automation made possible by digitized information systems, prescriptions are
written much faster, which increases efficiency, and in the end, productivity. This has not
revolutionized the whole prescription writing process, but patient and medicine
information is handled differently, and this is so mostly because of automations of
information processing. Thus, the effect is automational and informational.
6) Faster procedures at pharmacies
Smoother dispensing process, since the information does not have to be fed into the
computers. Additionally, the use of computerized bar codes at pharmacies has made the
process of prescription handling easier. This primarily affects pharmacists and patients,
because the pharmacists’ work is facilitated and the waiting time (for patients) at
pharmacies is usually shortened. This is a typical example of automations of entering,
storing, retrieving and communicating digitized information, and therefore the effect can
be regarded as automational and informational.
Direct Impacts on Productivity: Disadvantages
1) Computer dependence

As a result of the computerization, and subsequently the automations of information
handling, work has become increasingly computer-centered for all involved parties – and
some people do not like computers and prefer the traditional way of working. Sometimes,
due to users’ dissatisfaction, this can lead to frustration and lowered productivity. This
occasional problem is a novel phenomenon and arises from the new ways of handling
information through widespread automations. This makes the effect transformational,
automational, and informational.
Second Order Impacts on Productivity: Benefits
1) More efficient and effective prescription process

Over-all increase in efficiency and effectiveness: all parts of the process have been
accelerated thanks to digitization of information, information systems, and the Internet.
This ultimately leads to boosted productivity. These occurrences include automations of
work steps, renewal of information management, and a complete transformation of the
way the prescription process functions. Therefore the effect is categorized as
transformational, automational, and informational.
2) Enhanced security
Increased security regarding prescriptions due to an unbroken information chain between
caregiver and pharmacist, and a cipher coded connection from patient journal systems to
pharmacies. Also, the prescriptions are most often much more legible, which reduces
confusion and falsification opportunities. These are changes that involve all actors
concerned, and they are derived from increased automations of the information handling
through digitization, which makes the effect transformational, automational, and informational.
3) Statistics
As a result of the automations, it is possible to generate elaborate statistics, which, in turn,
facilitates follow-ups, feedback, and process optimization. This is an automational and
informational effect, since it is a matter of collecting, structuring, and presenting digitized
information through automations of information flows.
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4) Error reduction
The automated systems make sure that the proper medicines are chosen from the current
stock, which results in less confusion regarding which medicines should be dispensed.
This primarily is an automational effect, since the major thing is that the medicine
management is automated.
Second Order Impacts on Productivity: Disadvantages

1) Dependence on technology
If the computer system is down, the prescription writing is significantly slowed down,
which also affects other processes negatively. This is a combined result of automations of
process steps and changes in information handling, and it has transformed the way all
actors operate. This makes the effect transformational, automational, and informational.
2) Less patient motivation
There are unsubstantiated indications that patients more frequently do not collect their
medicine when they do not have the paper prescription (to remind them). This effect is
regarded as automational because it is a result of automated prescription handling.
3) Administrational hassles
For instance, some patients think that the call center services, handling incoming phone
calls to pharmacies, complicate the communication. They would rather have one specific
phone number to the pharmacy of interest (as before). This has happened since the
information management and communication have been digitized and automated.
Therefore the effect is automational and informational.
4) Difficult error correction
If an e-prescription is incorrectly filled in and sent to the central mailbox it is very
problematic to retrieve and correct it. This is so because of the automated prescription
writing process and the changes in information flows, which makes the effect automational
and informational.
5) Patient misconduct
The digitized system lacks a function that allows physicians and pharmacists to see exactly
who received which medicine when and where. This means that patients can pick up the same
medicine several times using different physicians and pharmacists (i.e. using different
prescriptions). This is not good, since the wastage due to poor medicine handling is a
significant problem, and drug abuse-related treatment costs are high. This effect is
considered automational and informational, because the possible problems are results of
digitized and automated processes for storing and collecting information.
6) Information security risks
When private information is increasingly digitized and stored in the e-prescription system,
the issues of personal integrity and information security become more complicated and
resource demanding. These dilemmas are derived from comprehensive transformations in
the prescription process, and involve both automations of work steps and changes in
information flows. Therefore the effect is transformational, automational, and informational.
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LAPAROSCOPIC SURGERY OF CYSTS ON THE OVARIES

Below, the beneficial and disadvantageous impacts on productivity, related to the LSCO37
process, are presented and discussed:
Direct Impacts on Productivity: Benefits

1) Enhanced surgical quality
Enhanced accuracy and safety due to increased automation of work steps, magnification
and image-viewing possibilities. Modern laparoscopic procedures also lead to smaller scar
formations compared to the large incisions necessary before digitization. This
development has transformed LSCO, and it has been possible due to digitization, changes
in information flows, and various automations of process elements. Because of this, the
effect is considered transformational, automational, and informational.
2) Broader surgical scope
Greater range of feasible treatments due to digitization – in the form of both
administrative and embedded IT – and development of surgical tools and machinery.
Compared to before digitization, the LSCO process is entirely transformed, thanks to new
automated digital equipment and novel ways of handling information, which makes the
effect transformational, automational, and informational.
3) Shorter process time
Shortened health care and convalescence time, which, in turn, also means less time on the
sick lists for patients. Furthermore, this naturally increases health care productivity and
improves physicians’ professional satisfaction. This multifaceted time-saving
transformation of LSCO is made possible through various automations of procedures and
cutting edge digital information handling (e.g. image viewing, recording and editing), and
that is why the effect is regarded as transformational, automational, and informational.
Direct Impacts on Productivity: Disadvantages
1) Surgical risks

There are some risks when performing laparoscopic surgery of cysts of the ovaries
compared to other procedures: e.g. damages on large vessels, intestine perforation, gas
embolism, lung embolism, pneumothorax (or collapsed lung), hemorrhage from vessels in
the abdomen wall, hernias due to port holes, and damages on closely located organs such
as urinary bladder and urethras. These risks are direct results of the digitization,
automations of procedures, and modern information management. Moreover, they did
not exist before this development, and therefore the effect can be described as
transformational, automational, and informational.
2) High demands on professionals
Laparoscopic surgery places great demands on the operator (usually greater than in
traditional surgery, where the surgical area was opened through one large incision): skills,
training, experience and focus. This normally means that not as many physicians can
perform the procedures and, therefore, it puts a great deal of pressure on the ones that
can. Moreover, because of this, there were many complications in the beginning. But, in
conjunction with the overall development, these complications decrease continuously.
37

Abbreviation of “Laparoscopic Surgery of Cysts on the Ovaries”
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This effect is spawned by a combination of digitization, automations of LSCO
procedures, and restructuring of information flows, and that is why it is labeled
transformational, automational, and informational.
Second Order Impacts on Productivity: Benefits
1) Better working conditions and surgical quality

Better work conditions, which subsequently lead to improved surgical outcomes, because
of e.g. increased magnification and image-viewing possibilities. In the end, this increases
productivity through improved over-all health care quality and a quickened LSCO
procedure. This effect is transformational, automational, and informational, because it is
generated by e.g. above-mentioned digitization of altered information flows and
automations of work steps.
2) Improved ergonomic situation
The ergonomic situation for LSCO professionals is significantly improved by digitization,
which has led to automation of processes – e.g. less heavy lifting and less strenuous
physical positions and movements during surgical operations. This effect is primarily
automational since it has occurred due to the automations of both digitized and analogue
LSCO procedures.
Second Order Impacts on Productivity: Disadvantages

1) Surgical failures
When surgery fails, due to occurrences mentioned above, the health care and
convalescence times are significantly prolonged. These problems did not exist before
digitization and, thus, are results of the transformations associated with the digitization.
Furthermore, they arise from automations of work practices and changes in information
handling. This makes the effect transformational, automational, and informational.
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CONCLUDING REMARKS

From these categorizations it is possible to draw several important conclusions. First, and
as mentioned above, by refraining from dividing the benefits and disadvantages into
measurable and intangible, the work shows quite a few effects, which parties are affected,
and how. Second, it is interesting to notice that the number of benefits clearly surpasses
the number of disadvantages. Also, the disadvantages are more often secondary in their
nature, while the benefits more often are first order impacts. Furthermore, through the
interviews, it has become clear that the second order impact effects tend to be of less
magnitude than the first order impacts.
As stated above, the measurement of health care outputs is complicated. This is the case
in many industries, but perhaps even more so within health care, due to the many
intertwined processes and different key actors. On a similar note, it is interesting that
almost all the effects are multiple – both benefits and disadvantages. This is regarded as a
partial explanation to the measurement difficulties. It is not hard to imagine the intricacy
of trying to measure one effect from the perspectives of all diverse actors, and taking all
different types of effects (transformational, automational, and informational) into
account. The only detected solution to this problem – as mentioned in the beginning of
this chapter – is to carefully define, forecast, valuate, and evaluate the sought after effects
of the IT investments. Moreover, this should be done together with all key parties, onsite, and functioning systems for feedback should be present.
Also, it is interesting to note that, through the interviews, another possible categorization
of the effects were detected, namely risks and possibilities. The former kind would represent
effects that are possible but rare, and especially negative ones, while the latter type would
signify effects that are more widespread and primarily positive. However, this
categorization was not made explicitly, but it is considered throughout the entire analysis
chapter, and it has made an impact on most comments about the effects. It is also
thought of as a potentially fruitful element in future research.
Furthermore, although there has been no attempt to concretely estimate the individual
impacts of the effects, a continuing discussion regarding the effects and their impacts – or
possible impacts – is carried out throughout this entire chapter. This is so because the
ambition is not to rank the effects on the grounds of some kind of organizational
importance or actual financial impact. Instead the aim is to detect and explain effects,
where and how they occur, and what they mean in reality. Thus, the intention of the
investigation is to depict how effects are related and how they affect different actors.
Therefore the following analysis, based on the previous categorization, focus on the
implications of the effects – e.g. what is needed to utilize benefits, problems connected to
IT implementations, and possible future benefits.

THE PROCESSES, IMPACTS AND IMPLICATIONS

In order to cover as much of health care as possible, this investigation includes three
different processes of assorted characters: DPR, LSCO, and Prescriptions. The first two
foremost include embedded IT, and the last one primarily include administrative IT. All
of the processes, though, include elements of both kinds of IT. Also, the processes
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include the three most important features of health care: diagnostic (DPR), clinical
(LSCO), and administrational (prescriptions).
Additionally, looking at the previous analysis, it is easy to see some variations and
similarities regarding the productivity effects. The DPR process involves much more
benefits than disadvantages as regards the direct impact effects, but there are more
disadvantages than benefits when it comes to second order impacts.38 In total, there are
more benefits than disadvantages, and they foremost affect the DPR departments and
affiliated staff, while the rest of the effects are rather evenly distributed between patients
and society. The prescription process involves more benefits than disadvantages regarding
direct impacts, but more disadvantages concerning second order impacts. These effects
foremost befall patients, physicians and nurses, and the remaining effects primarily pertain
to pharmacists. The LSCO process includes more benefits than disadvantages, as regards
both direct and second order impact productivity effects. Thus, obviously, there are more
benefits than disadvantages in total, and they primarily affect patients and physicians.
In general, the effects – both benefits and disadvantages – primarily affect the medical
professionals. Subsequently, they affect the patients. This is interesting, because this
investigation concludes that society (politicians, journalists, private persons, etc) is a very
important driver of digitization within modern health care, and if the effects are not
obvious and decisive to society, the necessary incentives to drive health care might not be
present. This situation can probably only be avoided by making the key societal parties –
such as politicians and governing institutions – aware of potential productivity benefits.
Another noteworthy aspect of the results is the large number of second order impacts,
which probably is a central reason for problems in previous research (as mentioned in the
Introduction, Theoretical Framework, and Research Design chapters) to find evidence of IT
investments’ positive effects on productivity. It might also – at least to some extent –
explain the rather pervading resentment towards (foremost administrational) IT
investments within health care.
Moreover, according to the respondents, the benefits are of more significant individual
magnitude, while the disadvantages literally are of more secondary importance. The
respondents also made it clear that the potential of realizing numerous additional
productivity benefits is huge. Many of them stated that the productivity levels could be
greatly increased simply by smoothening the processes of IT implementation, diffusion,
and adoption, and the most important identified ways to do that are presented above.
What is more, it is notable that the LSCO and DPR processes have developed
incrementally during several decades, while the prescription process has developed rapidly
over the last decade (together with the increasing computer power and the Internet). This
means that the different productivity effects have occurred at diverse points in time, and
have reached various levels of impact. Thus, it is likely that more effects will be seen, over

38 When reflections and comparisons regarding the number of different types of effects are made in this
section, it is important to clarify that it is not a matter of counting non-weighted effects. Instead, the
discussion is based on previously mentioned well thought out considerations.
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time, as regards the prescription process, although the LSCO and DPR processes,
evidently, also can be improved.
Finally, the number of effects is rather evenly distributed between transformational,
automational, and informational, while the respondents emphasize that the
transformational effects are most important to health care, because they often constitute
significant and long lasting changes. Also, transformational effects can change health care
in a way that opens up for further future changes, that, subsequently, are likely to increase
productivity. According to the respondents, the automational effects are mostly a thing of
the past, caused by IT features now regarded as GPTs or commodities, and they rarely
play decisive parts in modern health care productivity. To some extent, the same goes for
informational effects. However, due to the Internet and digitization of information, the
information component of health care is still very important, mostly in the context of
communication and handling digital health information records.

VITAL OBSERVATIONS AND RECOMMENDATIONS

Modern health care is an activity consisting of many intertwined processes and
information flows. Patient information is continuously generated from numerous sources
– such as lab results, x-ray images and examinations – and then processed and stored.
When developing and implementing functioning IT systems, as regards both embedded
and administrative IT, it is important to understand that most health care processes are
internally dependent. This means that when changing the features of one process, other
processes might be significantly affected. If these effects are perceived as negative
influences, the concerned parties are likely to oppose implementations.
Furthermore, when implementing ITs, it is crucial to map out these process dependencies
and consider how to handle possible dilemmas. Consolidating dispersed information and
storing it in an aggregate administrative system, or incorporating an embedded IT
component, consequently involves structuring and presenting the content in a
perspicuous and effective manner, or integrating the component effectively. Additionally,
the interface for entering, processing and retrieving information has to be logical from a
health care perspective. If constructed and implemented appropriately, IT can support the
effectiveness, quality, development, and in the end, the productivity of health care. There
are, however, some critical issues that have to be addressed in order to make this function
properly. Based on the findings of this investigation, and the previous analysis, a number
of vital considerations are put forth below.39
IMPLEMENTATIONS, VALUATION AND MEASURABILITY

Many problems connected to the digitization of health care information flows have to do
with the implementations of ITs. Because there has been a lack of common guidelines as
regards what kinds of systems to develop and implement, health care institutions have
typically engaged individual IT consultants to develop unique and incompatible systems.
Moreover, the medical field has had little experience and knowledge of IT
implementations in general, and particularly administrative ITs. Therefore many medical
39 The discussions in forthcoming sections are based on all three process development descriptions and,
thus, have a more general tone.
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professionals have a negative perception of IT implementations. They have no particular
interest in IT per se, instead they are strictly focused on using technology as a means of
helping humans. Furthermore – due to lack of proper planning, education and userfriendly systems – implementations historically have led to interruption of work processes
and immense frustration. All of this has spurred the resentment towards (at least
administrative) IT.
Additionally, the general problems with estimating the value of IT implementations
beforehand, and the lack of rewarding and effective methods for measuring their benefits
afterwards, further complicate these matters. As previously mentioned in the Theoretical
Framework chapter, many experts in the field – e.g. Ammenwerth et al. (2003), Berg
(1999), Dixon (1999), and Elberg (2001) – suggest that the evaluation of IT systems
within health care has to become more focused on the health care context. Generally,
people have been trying to apply traditional IT evaluation methods – mostly taken from
IT heavy industries – on health care. Moreover, the IT systems have often been
developed and implemented without the sufficient involvement of the health care
community. All of this has led to insufficient, or misguiding, information generation, and
in the end poor or misleading evaluations. But worst of all, the lack of evaluations, in
itself, has been the ultimate problem.
Another big problem associated with IT implementations is the difficult procedure of
establishing valid and measurable metrics for creating feedback from them, and
subsequently estimating important factors, such as productivity changes, ROI or
profitability. If health care institutions (foremost the management) keep on failing to
provide apparent and accurate proof of both short and long term benefits, there will be
few incentives for medical professionals to embrace digitization. Also, it is important to
deal with the distrust regarding IT investments amongst professionals, and difficulties in
articulating the consequences of digitization.
The above-mentioned issues are strongly connected to the IT implementations. There are,
however, many other problems related to the topic. These are presented in a more
thorough manner in the following sections.
FORECASTING AND ANTICIPATED PRODUCTIVITY BENEFITS

The forecasting of the emerging digitization of health care is diverse and complex.
Naturally, this depends on the many parties that engage in forecasting, and the numerous
IT applications being forecasted. However, to get a sense of how current experts predict
the development over the forthcoming years, an example is shown in figure 2-8:
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Fig 2-8: Forecasting of Important IT Elements in Health Care

This prediction is presented by Kurt Salmon Associates in Pardes et al. (2006), and is
based on the development of Electronic Health Record (EHR) systems (e.g. digital
patient records) in the US. This might not be entirely applicable to the work in this thesis,
but at least it gives a frame of reference during the current analysis. In addition, the
estimation includes both administrative (e.g. EHRs and VoIP) and embedded (e.g. Smart
Cards and advanced Clinical Systems) IT implementations, and it is obvious that their
developments are heavily intertwined. The work presented in this thesis, though, is
believed to indicate that the development described in figure 2-8 might be somewhat too
optimistic. It has become clear that digitization within health care takes time, and
regardless of the technological advances this time is always affected by many other
parameters, such as culture, politics, and economics.
What is more, as mentioned in the beginning of this investigation, the demands for
national IT strategies for health care are high on all levels – medical, political, economic,
and social. It is believed that such strategies would help increase the health care
productivity through e.g. enhanced communication, shorter health care time, improved
health care quality, and smoother information handling. This development is fully
dependent on digitization, and investments in both administrative and embedded IT. The
above-mentioned forecasting shows that many of the necessary elements facilitating this
progress are thought to appear over the coming years. However, this development will
not occur by itself, and many supporting and driving factors – such as monetary
resources, dedicated politicians, enthusiastic health care professionals, and hard working
researchers – play decisive parts. Thus, in order to attain the sought after productivity
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growth from digitization, efforts have to be made by all involved parties. In order to
explain this complex cause-and-effect chain, the most important potential productivity
benefits40 detected – in both administrative and embedded IT – are listed here (followed
by problems and possible solutions in subsequent sections):
Connectivity

Digital information and nationally adopted utilization of digital health records would
allow physicians to transfer, collect, process and store information regarding a certain
patient, independent of his/her geographical position. For instance, imagine that a person
lives in Stockholm and goes to Idre41 on a ski trip. Unfortunately the person breaks both
his/her legs and has to be rushed to the local emergency room. With digitized
information fetched from a national database, the local physician could retrieve all the
necessary information. He/she could also perform x-rays and send them to his/her usual
physician (or another specialist), and he/she could comment on them almost in real-time.
Consultations and Referrals

On the same note as above, answers to referring physicians (both text and images) could
be sent back and forth – with comments – very smoothly, independent of geographical
locations. Furthermore, consultations between health care institutions and different
specialists – and even between countries – could be done almost in real-time, without
much effort. Additionally, repetitive work, such as routine viewing of x-ray images, could
be done at other locations – to utilize time differences, enhance efficiency/productivity,
increase availability, etc.
Statistics

If health care information was stored in a well-managed manner, it could be used in
numerous ways to aid research in general and the development of medicine, detect
different medical trends, and, in the end, improve the productivity of the entire health
care system.
Health Care at Home

Elderly care, and other at-home treatments, could be facilitated enormously through
digital information handling. Patients could renew prescriptions at home, and
communicate digitally (direct) with their physicians without having to leave their homes.
Logistics

The overall information flows and patient logistics, and, in the end, productivity, could be
further improved using IT systems. Patients would not need paper journals, which can be
misplaced, forgotten, lost, spilled on, etc. Also, patients would not have to answer the
same questions at every department – this would be very good, because patients are often
in a troublesome state when visiting health care institutions, which makes it difficult and
stressful for them to remember their entire medical history.

40 According to the previous process descriptions, several of these benefits already exist. Most of them,
however, are far from developed and utilized to their full potential.
41 The two cities are located several provinces, and health care areas, apart.
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PROBLEMS WITH IT DEVELOPMENT AND IMPLEMENTATION

So why is the digitization not yet significantly developed and adopted nationwide (as
mentioned in the introduction to this study)? There are many answers to this question.
First of all, there are numerous stakeholders that influence the progress. Second, health
care is a very complex business, with various interdependent institutions. Third, in the
past, there have been more incentives to invest in treatment and diagnostic devices that
generate more obvious and direct benefits – e.g. in improved surgical procedures. Finally,
many political and cultural aspects complicate matters further. Below are the detected
most imperative barriers to why fully working (developed, implemented, and adopted) ITbased systems and functions within health care are not yet in place:
Previous Digital Information Systems

Many of the early attempts to develop IT-based solutions have failed, because the
functionality has not outperformed the manual routines for these procedures as regards
time, flexibility, quality, security, convenience, etc. This has caused many medical
professionals to lose faith in digital solutions.
Patient Information Security and Integrity Issues

Although the respondents in the current research claim that using these IT systems and
functions in fact enhance information security, private persons and professionals are still
worried.
Laws and Regulations

The legal issues regarding this area are somewhat fuzzy and contradictory. They have to
be investigated on a high level. The stored patient information needs to be secure at all
times, and physicians have to have patients’ consent before using the information.
Politics

The responsible political organizations have to agree on common systems, standards,
guidelines and technological platforms for the desired level of compatible information
handling and connectivity to be possible.
History

Due to diverse systems developments and individual nomenclatures, many health care
institutions have completely different legacy systems – both regarding hardware and
software. Typically, they have been developed by external and independent IT
consultants, in collaboration with the different institutions. This has to be dealt with,
perhaps in the shape of various financial incentives, or efforts to make outputs
compatible.
Culture

The research indicates that medical professionals tend to be skeptical in their view of
digitization. They might be afraid that computerization will cause the value of their
expertise to decline. Also, many think that health care is something done by physical
persons, based on face-to-face interaction with patients, and that computers are not
suitable for that communication. Moreover, medical professionals tend to prefer
investments with direct medical benefits, not IT systems that often render more
secondary and intangible benefits.
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Information Overload and Availability

Information drives more information, and availability increase demands. Therefore, the
risk of too much information is pretty high within health care. The point of digitization is
not to store more data just because it is possible. Instead, it should facilitate information
handling, make health care more efficient and increase its quality. The transparency and
availability within modern health care also increases the demands – on e.g. time, quality,
quantity, and convenience – from patients.
CRITICAL PATH TO ADOPTION

By detecting, structuring and analyzing the effects of digitization, several conclusions
concerning possible actions that might smooth the progress of development,
implementation, and adoption have been drawn. The following suggestions are perceived
as feasible solutions – at least in part – to the above-mentioned complex of problems:
Education and Information

This is necessary so that medical professionals understand the possible benefits, and how
to implement and utilize the systems. The parties concerned have to be informed of the
possible benefits – both short and long term – in order to embrace the digitization
concept.
User-based Development

The users have to be highly involved during IT development, so that the systems actually
have the functionality that medical professionals request. Furthermore, IT-based systems
and components should incorporate all the necessary health care features, and be
structured in a way that resembles the health care context. Thus, the systems and
components should be developed in cooperation with the parties concerned, and the
subsequent implementations should be a joint effort.
Common Standards and Nomenclatures

This is essential for making the transferring, collecting, processing and storing of digital
information possible. These standards and nomenclatures also have to be established on a
national level, so that all institutions are compatible and open to communication. This
works like the theory of network externalities: the value of the network to its members
increases with the number of members.
Politically Enabled Alignment

Regardless if the driver of IT development is going to be e.g. central political decisions or
monetary based business incentives, a politically enabled alignment of systems and
procedures is thought to facilitate the adoption process immensely. Individual health care
institutions will need guidelines for compatible development, implementation, and
adoption.
Agreements on the Legal Framework

The laws and regulations affecting health care and the development of IT-based systems
and components have to be investigated and agreed upon, maybe even altered. Right now
there is some confusion regarding the actual applications of the laws and regulations.
Furthermore, as society, technological prerequisites and health care changes, the legal
aspects have to be handled accordingly.
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Enhanced Information Security

The work with enhancing information security has to continue, i.e. through improved
encrypted coding and organized supervision. In addition, the actually quite high security
has to be communicated to patients and other involved parties, and everybody has to be
properly informed about these issues.

THEORETICAL DISCUSSION AND THE RESEARCH QUESTION

This thesis started out with the research question: How has digitization of information flows
affected productivity within health care? As it turns out, the answers to this question are many
and complex. In general, though, it is safe to say that the number of cumulated
productivity benefits surpass the number of disadvantages. Also, and more importantly,
the total impact of the effects is primarily beneficial. Furthermore, it is obvious that
digitization of health care information, in the form of IT investments, increases
productivity in many ways, for many actors, and has done so since the beginning of
digitization. There is, however, much to be done in order to realize all the possible
benefits that are not yet present. Lucas (2005) calls the ability to turn IT investments into
benefits “conversion effectiveness”, and this is the crucial concept when trying to increase
productivity through digitization. This is certainly also utterly important when it comes to
modern health care productivity.
Connecting back to the Theoretical Framework chapter, several of the issues discussed there
turned out to have deep empirical significance. The interviews show that the effectiveness
of development, diffusion, and adoption of IT – both as administrative information
systems and embedded in medical tools and machinery – rely on involvement of all the
affected parties. Also, the incorporated IT features have to resemble the health care
context, and actually improve health care processes, to make professionals really utilize
them, which, in turn, is necessary if the anticipated productivity benefits are to be realized.
This line of reasoning is also supported by the medical informatics experts referenced in
the prior theoretical discussion.
Moreover, the initial discussions regarding IT becoming a General Purpose Technology
(GPT) proved significant in the context of health care digitization. As previously
mentioned, Carr (2005), although heavily questioned by peers, suggests that IT has
become a commodity lacking competitive advantages and productivity increasing traits.
This empirical study, though, prove this wrong. Yes, certain features of IT have become
commodities or GPTs, but IT within health care keeps evolving, and novel components –
both administrative and embedded – are developed every day. The important thing is to
realize that IT is a composite phenomenon, and some ITs might be GPTs (though, still
often influencing productivity), while others are highly important to both competitive
advantage and productivity. This thesis advocates that IT enables possible productivity
increases, and by handling the process of digitization accurately, health care can continue
to increase its productivity.
In conclusion, this thesis has used a model including three different processes – in order
to cover as much of health care as possible – and the research comprises the views of all
crucial affected parties through the interviews, the on-site observation, and the research
review. Indeed, more or other processes could have been investigated, but the chosen
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selection is supported by the respondents as being reasonable, informative and
comprehensive. Thus, the underlying research is plausible when it suggests that
digitization of information flows has, and continue to, affect productivity within health
care in a primarily beneficial way. This also pertains to all involved parties and,
subsequently, proposes continued investments in IT.

THE INVESTIGATION AND GENERALIZABILITY

The present work has several limitations. The empirical study is carried out at one health
care institution in one country. The number of respondents and processes is limited, due
to practical issues such as time and access. Also, the choice of research methods and
philosophical outlooks has a limiting effect on the results. However, many efforts are
made to work around these issues. The choice of investigating three different processes –
one clinical, one diagnostic, and one administrational – is thought to generate results that
represent most health care institutions. The voices of all key parties are given equal
opportunity through the combination of interviews, on-site observations, and the research
review. The investigation of Danderyd University Hospital is broadened by the
examination of several complimentary health care institutions. Furthermore, the modified
research (ITOP) model used is supported by similar previous empirical research. Also, the
empirical study involves both embedded and administrative IT.
Moreover, many prominent researchers support the research design. For instance,
Orlikowski & Baroudi (1991) conclude that it often is rewarding to use a similar mixture
of scientific outlooks when conducting analogous research. This does not necessarily
influence the reliability, validity, or generalizability of the research negatively, instead, it
can actually strengthen the overall quality. Furthermore, Lee (1991) supports the use of a
combination of positivistic and interpretive approaches, and suggests that it can reinforce
the accuracy and value of the results. And concerning generalizability per se, Lee &
Baskerville (2003) agree with the previously mentioned researchers, and add that research
does not have to be quantitative in its nature in order to achieve a high degree of
generalizability. In fact, according to these researchers, qualitative research of the present
kind, with its combination of scientific outlooks, can claim broad relevance if thoroughly
planned and executed.
Therefore, it is believed that this research is applicable and relevant when studying health
care at other health care institutions, even outside Sweden. And the results are considered
to convey something truthful and important about digitization of health care, and its
impact on productivity, in general. The research could probably even be of some use
when discussing these matters in the context of other industries or businesses.

NUMERICAL EXAMPLES OF PRODUCTIVITY CHANGES

Partly to show how strained and difficult the use of traditional productivity measures in
health care can be, in this section, some numerically based examples of productivity
changes, due to digitization, are given. The information used was gathered through the
interviews, the on-site observations, and secondary sources, such as annual reports and
other statistical documents. These are not scientifically rigorous calculations, but
indications on what has actually happened as regards productivity.
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PRESCRIPTIONS

At the medical centre Märsta Närvård, the total number of written prescriptions in 2003
(before their launch of the e-prescription services) was 14,607, of which 8,933 were
paper-based (the rest were phoned in or faxed), and there were no e-prescriptions. In
2004, the total number of prescriptions was 16,406, of which 9,126 were paper-based, and
727 were e-prescriptions. In 2005 the total number of prescriptions was 17,245, of which
6,024 were paper-based, and 3,899 were e-prescriptions. That represents a total increase in
prescription writing of approximately 5%, but a decrease in paper-based prescription
writing of approximately 34%, between 2004 and 2005.
Furthermore, the number of patient treatments by district medical officers at Märsta
Närvård was 19,870 in 2003 and 20,367 in 2005. According to the respondents, to a
significant extent, this increase was made possible through the digitization of the
prescription process.
Also, the average time required to fill in a hand written prescription is 55 seconds, and the
average time to fill in a digitized prescription via the computer interface, with pre-defined
terms and numbers, is 10 seconds. However, the printing time has to be added to the
prescription writing time as regards the digitized process. Thus, depending on the speed
of the printer, this time may vary.
Moreover, at Märsta Närvård, due to digitized telephone procedures, the number of daily
answered calls from patients per prescription writing physician is around 20 today,
compared to around 5 calls per day before digitization (in the mid 1990s).
DIAGNOSTIC PROJECTION RADIOGRAPHY

At Danderyd University Hospital, the number of DPR examinations per permanently
employed was 788 in 1999 and 902 in 2005. What is more, the total number of DPR
examinations was 75,489 in 1999 and 82,416 in 2005. Also, answers to referring
physicians required 2.8 days in 2002 and 1.2 days in 2003. As said by the respondents,
these improvements primarily are results of the digitization of DPR.
LAPAROSCOPIC SURGERY OF CYSTS ON THE OVARIES

Before digitized laparoscopy, patients usually were sick-listed 3–5 weeks, and now they
normally are sick-listed 1–2 weeks. Furthermore, today patients typically leave the hospital
the day after surgery, compared to before digitization of laparoscopy, when they usually
spent 3–4 days at the hospital after surgery.

CHAPTER SUMMARY

This analysis shows several things. First, it was obvious that the initial research model
needed modifications – it was not fruitful to distinguish between measurable and
intangible effects, and the analysis needed a defining, and dividing up, of the key actors.
Second, the categorization of the effects clearly demonstrates that the benefits exceed the
disadvantages. The majority of the effects are multiple, and the disadvantages are mostly
second order impact effects. Third, the forecasting and the respondents’ answers show
that the digitization of health care is still emerging. The major thing to do in order to
facilitate this process is to focus on conversion effectiveness – i.e. the ability to turn IT
investments into productivity benefits. Fourth, the analysis presents some of the most
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important findings in the form of possible future benefits, problems, and solutions
regarding administrative and embedded IT implementations. Sixth, it was determined that
although the research has several limitations as regards methodology and scope, it has a
high degree of generalizability. Finally, the research question was answered in many ways,
but the ultimate conclusion is that the digitization – in the form of investments in
administrative and embedded IT – has increased health care productivity and continue
doing so.

CONCLUDING REMARKS AND FUTURE RESEARCH

This chapter summarizes the key points from the empirical investigation, results, and analysis.
Furthermore, the aim is to express thoughts on possible future research, and put forth a few important
aspects that – for different reasons – did not make it into the thesis.

STUDYING IT AND PRODUCTIVITY

In the beginning of this thesis, through the productivity paradox discussion, the notion
was introduced that previous research does not offer satisfying answers to how
digitization of information flows – in the shape of IT implementations – has affected
productivity. One identified reason for this, which was underlined, is the prior lack of
research addressing this problem at the firm, or department, level, using empirical and
qualitative methods. Therefore, this approach was chosen for the current research.
Furthermore, in order to limit the scope and make the task viable, a decision was made to
focus on health care. More importantly, though, the choice to investigate health care was
founded on an interest in how an industry that is not profit driven – as opposed to e.g.
finance – handles the issues of digitization and productivity. This, however, made matters
rather complicated, because productivity within health care is not necessarily measured
with conventional and clearly defined methods, such as monetary return on investments –
at least not at the level of departments. Instead, the main objective is to produce
qualitative, efficient, effective and convenient health care. Additionally, in the present
context, productivity measures should take into account a unit’s performance in medical
innovation and research, which further obscures the traditional notions of the term.
In retrospect, it seems evident that looking at effects of digitization of information flows,
through examination of certain limited processes, is rewarding when investigating how IT
has affected health care. Due to the complex nature of health care input and output, it
became clear that the assumptions and models developed within the ITOP-program (with
some modifications) were very useful in order to say something truthful and valuable –
both academically and practically – about the digitization of health care. Although the
detected effects were hard – if not impossible – to measure, they were certainly worth
studying, and the productivity paradox discussion, along with the other theories and
hypotheses, helped understanding the development of health care and the roles of the
involved actors.
So, in general, because the chosen theoretical framework and research design clearly
rendered useful and elucidating results, with high validity and reliability, the over-all
course of action can be considered justified. More specifically, the respondents found the
questions relevant and inclusive, and they could relate to the introduced concepts and
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assumptions. Additionally, they were given the opportunity to engage in complementary
discussions and comment on the research in progress. This, in turn, made it possible to
use their answers – when detecting, categorizing and analyzing the effects – in a gratifying
and scientifically accurate manner. In the end, the understanding of how IT affects
productivity is thought to be increased through the employed approach.

IT EFFECTS AND IMPLICATIONS IN HEALTH CARE

As regards the empirical investigation, lots of useful information was given by the
respondents, the on-site observations, and the complementary research review. It became
evident that health care professionals unconsciously distinguish between administrative
and embedded IT, and that the latter type has been given much more attention and
appreciation than the former. The main ambition has been to attain direct benefits
concerning health care quality, not focus on long-term improvements on the
administrative side. Consequently, the digitization has been much smoother in certain
areas (e.g. surgical operation tools and machinery) than in others (e.g. information systems
made to facilitate administrative processes, such as patient information logistics).
It is also interesting that, although it is supposed to be an example of a primarily
administrative process, the digitization of the prescription process (and Apoteket AB) has
been faster and, in many aspects, easier than the digitization of the processes of diagnostic
projection radiography and laparoscopic surgery of cysts on the ovaries. This is probably
so because the former process includes more homogeneous actors with similar strivings,
while the latter processes include actors with different interests, and they also lack legible
and strong drivers (in the shape of the monopoly Apoteket AB and the county councils).
Nevertheless, when looking at the results and analysis, it is evident that the digitization
has increased productivity in general immensely. Departments usually treat many more
patients per time unit without proportional staff increases. Also, the number of different
treatments and surgical operations has increased vastly, and both treatment and
convalescence times have decreased drastically since the beginning of digitization.
However, the productivity increase has been more evident and significant in some parts
of health care than in others. Due to these findings, some observations and suggestions
were put forth. For digitization to be successful, all involved actors, and the health care
context, must be considered. Potential benefits have to be marketed and conveyed to
everybody involved, and the constraints – such as obsolete laws and regulations, legacy
systems, and prejudices against digitization – have to be examined and dealt with.
Also, the initial question about whether IT is a general purpose technology (GPT) or not,
is answered. After conducting the investigation, it is considered rather obvious that IT, in
fact, is a GPT – IT is seen everywhere and influences most processes decisively with its
many fields of application. Moreover, although many ITs nowadays can be regarded as
commodities (mainly administrative ones), there are certain kinds of sophisticated IT
(primarily embedded) that are of uttermost importance for the health care development.
What is more, new types of IT are constantly emerging, and they certainly can not be
dismissed as trivial supporters (as opposed to drivers) without productivity promoting
characteristics, at least not in the health care context. One major point here is that there
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are different types of IT, and some are more important than others, depending on the
context.
Another thing to keep in mind is that health care economy differs from many other
industries. Usually it is not profit driven in the same sense, which e.g. affects the decision
processes, the competition climate, and who drives the IT development. One might ask if
there is (or should be) an investment limit when it comes to saving or improving human
lives. It is clear, though, that in this context it is a matter of budget restrictions (derived
from the, often politically decided, allocation of resources, and the limited takings from
income taxes) rather than traditional profitability restrictions. After all, if health care had
infinite resources, every medical institution would probably have a Da Vinci Robot and
use the latest x-ray techniques.
Additionally, in health care, the inputs and outputs are very difficult to detect, define, and
measure. This complicates the investment procedures and the analysis of productivity
changes. Finally, a decisive fact is that health care is affected by many different actors with
various agendas, culture and influential power. These difficulties, though, should not
discourage similar research. Instead, keeping them in mind and adjusting the scientific
approach can help explain the productivity paradox further. The present thesis is thought
to contribute to this through shedding some light on health care digitization, and the
subsequent productivity fluctuations, by means of looking at effects from IT
implementations using innovative methods.
The chosen course of action and its results undoubtedly show that the traditional notion
of productivity does not fully explain how digitization affects health care. Thus, the
productivity paradox discussion or dilemma, as it has been addressed earlier, is not
adequate in this context. When such intricate combinations of inputs generate an even
more complex set of outputs, it is no longer a matter of calculating e.g. the ratio between
invested capital and monetary returns. Instead, it is important to establish what the key
actors are interested in achieving, and then investigate the organizations’ ability to realize
that. By examining the effects of digitization, this study provides insights regarding how
IT actually can be used in order to generate sought after productivity benefits, such as
enhanced health care quality. Also, the investigation gives some explanations to why the
digitization has not reached as far as many parties had anticipated.

ANALYZING IT’S IMPACT

Detecting and investigating digitization effects has proved to be practical when analyzing
IT’s impacts on productivity within health care. But more importantly, the results and
analysis in the current work point out why and when this might be interesting. A few
examples of this are presented below.
For instance, similar analyses can be very useful before IT investments, because plausible
benefits (and/or disadvantages) – regarding productivity or other performance indicators
– from the expenditures can be scrutinized. The analyses can also help decision makers
understand which implementations should be made when, and how they ought to be
carried out in order to promote functionality and usage. Additionally, studying IT’s
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impacts from the present perspective can help concerned parties form an opinion of
reasonable demands on increased productivity when new IT is in place.
Furthermore, examining digitization effects, and the subsequently generated knowledge
about IT investments, can serve as a good basis for national politics (in this case health
care politics). Deepened understanding of digitization can lead to enhanced resource
allocation and organization structures.
Information derived from detecting, categorizing, and analyzing effects from digitization
can be very useful when valuating (beforehand) and evaluating (afterwards) the results of
IT implementations. This is so because the multifaceted inputs and outputs can be
recognized and understood more thoroughly by avoiding too narrow definitions of IT
and productivity, and focusing on comprehensive benefits from the investments.
Moreover, by making investigations like the one at hand, important aspects such as
culture, politics, adoption, laws and regulations can be included in the over-all IT-related
assessments.

FUTURE RESEARCH

This thesis leaves several opportunities for further research. The research design, in itself,
presents limitations that could be dealt with by using more all-encompassing empirical
investigations – i.e. by including more wide-ranging sets of respondents, institutions and
processes.
Furthermore, it would be interesting if future research paid more attention to
international conditions. Comparisons between Sweden and other countries could
generate exciting insights, and also enhance the total generalizability of the cumulative
research. In addition, the use of more quantitative research methods could improve the
relevance of the total findings, and put forth new perspectives regarding the same issues.
It could also be rewarding to use altered, new or complementary categorizations of
digitization effects – e.g. risks and possibilities – in order to widen and deepen the
understanding of how digitization affects productivity and the implications for modern
health care.
Another very interesting endeavor would be to try and calculate, with relevant numbers
and methods, the productivity changes due to digitization. This study stops after
identifying, categorizing and analyzing the productivity effects in a qualitative fashion,
without rigorously ranking them hierarchically – as regards e.g. significance and time
aspects – and giving them numerical values. Therefore, in future research, it would be
very interesting to see attempts to actually compute the outcome of these complex sets of
effects.
Finally, important possible benefits from further research in this area are e.g. increased
understanding of problems and possibilities concerning IT investments, improved
implementations, better valuations and evaluations of employed ITs, and, in the end,
boosted productivity. This, obviously, would be advantageous to many significant parties,
e.g. patients, medical professionals, and politicians – and society in general.
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APPENDIX 1: Respondents
Diagnostic Projection Radiography

Prescriptions

Christina Kling-Hassler
Head of Radiology department
Radiology physician
Danderyd University Hospital

Eva Leander-Fryk
Head of department
District medical officer
Märsta Närvård

Ingvar Sääf
Radiology technician
Danderyd University Hospital

Gunhild Brolin
District medical officer
Märsta Närvård

Anne-Marie Grönholm
Economist, Radiology department
Danderyd University Hospital

Laparoscopy

Tony Jilert
Senior physician, Radiology department
Danderyd University Hospital

Enock Ongwae
Licensed pharmacist
The pharmacy ”Ormen”, in Vällingby

Staffan Gröndal
Head of Surgery & Urology department
Medicine Doctor, Assistant professor
Danderyd University Hospital

Ing-Britt Falk
Secretary, Radiology department
Danderyd University Hospital

Bengt Johansson
Senior physician, Gynecology
Danderyd University Hospital

Eva Deutgen
Radiology nurse
Danderyd University Hospital

Berith Bäckvall
Head nurse
Surgery department, Kvinnokliniken
Danderyd University Hospital

Anna-Lena Vikman
Deputy nurse, Radiology department
Danderyd University Hospital

Kristina Elison
Deputy head nurse, Kvinnokliniken
Danderyd University Hospital

Agneta Berntsen
Assistant nurse, Radiology department
Danderyd University Hospital

Steffan Lundberg
Medicine Doctor, President
Gynekologkliniken
in cooperation with
Capio St Göran’s Hospital

Agneta Schmidt
Development nurse, Radiology department
Danderyd University Hospital
Jolanta Bernholc
Radiology physician
Löwenströmska Hospital

Folke Flam,
Assistant professor, Specialist physician
Chief medical officer
Gynekologkliniken
in cooperation with Capio St Göran’s
Hospital
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Miscellaneous

Jörgen Striem

Barbro Naroskyin

(laparoscopy + prescriptions + DPR)

(laparoscopy + prescriptions + DPR)

Chief medical officer
Development responsible
Danderyd University Hospital

Program responsible
Gemensam Vårddokumentation (GVD)
Stockholm County Council

Carl-Göran Ericsson

Sven-Eric Olsson

Assistant professor, Head of medical clinic
Danderyd University Hospital

Head of Kvinnokliniken
Danderyd University Hospital

(laparoscopy + prescriptions) + DPR)

(laparoscopy + prescriptions)
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APPENDIX 2: Interview Guide – an example
Date:
Location:
Name:
Age:
Organization:
Professional role:
Professional background:

Laparoscopic surgery of cysts on the ovaries, now and then:

1a Which participants do you see as most central regarding this surgery?
b How was surgery of cysts on the ovaries performed before IT was applied in the process
(from when the patient arrived until when he/she was fully recovered)?
c Which types of surgical procedures were executed?
d Roughly, how much time did it take for patients with these kinds of problems to fully
recover?
2a When were the first IT elements seen in the process of laparoscopic surgery of cysts on the
ovaries?
b Which functions did these IT elements have?
c How did they affect surgery of cysts on the ovaries?
3a Which have been the most important milestones, as regards laparoscopic surgery of cysts
on the ovaries and IT, since then?
b In what ways have these milestones affected involved parties (health care providers,
patients, economy, administration etc.)?
4a How is laparoscopic surgery of cysts on the ovaries performed today?
b Which types of surgical procedures are executed today?
c Roughly, how much time does it take today for patients with these kinds of problems to
fully recover?
Effects of digitization:

5 In what ways have digitization affected involved parties (health care providers, patients,
economy, administration etc.)?
6 How are investments in IT motivated in your organization, and who makes these decisions?
7 How do your organization measure or estimate productivity?
8 Has your organization detected any particular effects as regards economic results and/or
productivity?
9 Has your organization measured or estimated any other effects that have occurred due to
the development of laparoscopic surgery of cysts on the ovaries, and in that case, how?
10 Are the actual established effects in congruence with previously expected results, and if not,
why?
11 How is the process of laparoscopic surgery of cysts on the ovaries connected to other
processes within your organization?
12 Has the development of laparoscopic surgery of cysts on the ovaries affected these
connections, and in that case, how?
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13 What do you think about the future development of laparoscopic surgery of cysts on the
ovaries?
General questions:

14 Do you have access to any documented information that can contribute to describing the
development of laparoscopic surgery of cysts on the ovaries, from before digitization until
today?
15 Do you have access to any documented information that can help describing the effects of
this development?
16 Are there any other sources of information, of whichever kind, that you think that I should
investigate?
17 Do you think that I have missed any fundamental questions, and in that case, which ones?
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APPENDIX 3: Process Modeling – an example
Here, the aim is to explain how the processes are modeled and how to interpret them. Using
the DPR process description as an example, the different parts and connections are described
below.

Fig 1-5: The DPR Process

Activity: The activity arrows constitute activities that take place between significant steps in the

processes.
Activity change: The activity change arrows indicate that there have been changes in certain
procedures that occur between significant steps in the processes.
Possible activity: The possible activity arrows represent activities that might take place
between significant steps in the processes.
Information flow: The information flow arrows illustrate where important information flows

occur.

Occurrence: The occurrence ovals point out key phenomena (or steps) in the processes.
Possible occurrence: The possible occurrence ovals indicate key phenomena (or steps) that
might exist in the processes.
Process change: The process change ovals point out that there have been changes as regards
key phenomena (or steps) in the processes.
Information processing: The information processing boxes represent significant information
processing steps in the processes.
Possible information processing: The possible information processing boxes indicate
significant information processing steps that might occur in the processes.

127

Vertical dotted lines: These lines separate the different steps in the processes, and their main

function is to serve as a way of explaining the processes by dividing them up in their main
parts. However, the corresponding numbers and following written clarifications are not rigidly
delimited according to the graphic model. It should be viewed as a flow, rather than isolated
steps. Therefore the lines are representations of delimitations that actually are quite loose, and
they might shift somewhat in either direction.
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APPENDIX 4: The ITOP Program
The research presented in this thesis is done within the ITOP (Impact of IT On Productivity)
program. This research program was started in 2003 at the EIS (Economic Information
Systems) division, which is a part of the Computer and Information Science department at
Linköping University.
The key conceptions within the ITOP program – and consequently within the present research
– are derived from the notion that massive investments in IT have been made for several
decades without researchers and practitioners having sufficient methods for measuring their
returns. However, after many years of vast digitization, IT has become an occurrence present
throughout almost all parts of society. Similar to electricity or the steam engine, IT has the
features of an enabling technology which constitute an infrastructural necessity. These
innovations are often referred to as GPTs (General Purpose Technologies) and together with
complementary investments they often both facilitate everyday life and promote further
innovation (Rosenberg & Trajtenberg, 2001; Nahuis 1998, David & Wright 1999, David 1999).
In particular, problems connected with measuring IT investments’ effects on productivity
growth have troubled all involved parties. Some assert that IT has a positive effect on
productivity, and others claim the opposite. Basically, the major predicament is that neither
side has been able to produce legitimate and indisputable evidence. This discussion was
initiated in the end of the 1980s when the American economist Robert Solow alleged that “you
can see the computer age everywhere but in the productivity statistics” (Solow, 1987, p. 36).
Since then, this notion has been called the Productivity Paradox (or the Solow Paradox). Even
though researchers over the years have shed some light on the dilemma, the question of
whether IT investments affect productivity growth – and in that case how – is far from fully
elucidated.
One thing that makes the estimation of IT investments’ effects on productivity difficult is that
previous research for the most part has relied on aggregated national statistical data when
dealing with the productivity paradox. There are quite a few problems related to the use of
similar records: first of all, it is hard to extract the actual use of IT in different parts of society
from such a material. Second, the traditional definitions of IT and productivity might exclude
important utilizations of IT and productivity effects. For instance, IT embedded in equipment
and machinery is often accounted for as machine investments. Additionally, the previous
definitions of productivity might be too narrow to include effects that happen over time or
when IT works together with complementary investments. Finally, it is of course intricate to
measure the value of increasing possibilities for collecting, storing and processing information
thanks to digitization.
In order to tackle these problems, the ITOP program incorporated a few key assumptions.
First, the general occurrence of interest is the digitization of information flows (mostly in the
shape of IT investments) and how it influences productivity growth. Second, the research
carried out within the program is mainly empirical and explorative. Third, the major objective
is to map essential generic processes on a micro level – to acquire generalizable results and
avoid problems related to aggregated data. Fourth, the research is longitudinal, in the sense
that it maps the developments of the processes from the point when IT was first integrated
until today (to really see what has happened over time). Fifth, the research broadens the
definitions of IT and productivity so as to detect benefits and disadvantages (regarding
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productivity growth) that might otherwise be overlooked. And finally, investigations are made
within several different industries and processes in order to validate the results. By following
these directions, the ITOP program strives to obtain scientifically accurate empirical
suggestions about the productivity paradox.
Except for this thesis, the ITOP program has produced three licentiate theses: one focuses on
the graphic industry (Cöster, 2005), one deals with the logging industry (Kollberg, 2005) and
one examines the grocery distribution industry (Horzella, 2005). In parallel to the current
work, Cöster continues researching the graphic industry, and these efforts will result in a
doctoral thesis.
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APPENDIX 5: Pictures from the DPR Process

The modern DPR area

The modern images and text monitors

The modern images and text monitors

Outside the modern DPR room

Inside the modern DPR room

Inside the modern DPR room

The digital scanner

The digital plates
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APPENDIX 6: Pictures from the Prescription Process

Examples of the digitized e-prescription computer interface

The old hand written prescription

The new digitized prescription
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APPENDIX 7: Pictures from the LSCO Process

The modern laparoscopy surgical pillar of
machinery

Illustration of a more recent laparoscopy surgery
room (Hulka & Reich, 1994)

Illustration of old-fashioned analogue laparoscopic surgery (Hulka & Reich, 1994)
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